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"Children are like wet cement, whatever falls on them makes an impression.”

Haim Ginott

Embracing the essence of this quote, the Directorate of Education, GNCT of
Delhi is unwavering in its commitment to its core mission of delivering high-guality
education to all its students. With this objective in mind, DoE annually develops

support materials meticulously tallored to suit the learning needs of students from
classes X to XII.

Every year, our expert faculty members shoulder the responsibility of
consistently reviewing and updating the Support Material to synchronize it with the
latest changes introduced by CBSE. This continuous effort Is aimed at empowering
students with innovative approaches and technigues, fostering their problem-solving
skills and critical thinking abilities. | am confident that this year will be no exception,
and the Support Material will greatly contribute to our students' 2eademic success,

The support material is the result of unwavering dedication of our team of
subject experts, The Support Material has been specially curated for our students, with
the belief that its thoughtful and intelligent utilization will undoubtedly elevate the

standards of learning and will continue to empower our students to excel In their
examinations.

| wish to congratulate the entire team for thelr invaluable contribution in
creating a highly beneficlal and practical Support Material for our students,

| extend my best wishes to all our students for a promising and bright future.

g A1 P}'
{Ashok Kumar)



HIMANSHU GUPTA, 1as Directorate of Education

. Diractor, Education & Sports Govt. of MCT of Delhi
el ]l?- Rnﬂmﬂ.uﬂum
LiBE b Vidhan Sabha,
Wlis ¥4 i}w i Delhi-110054

RVERAE :i“]1|||'uﬂ

Ph.: 011-23800172
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It brings me immense pleasure to present the support material for
students of classes IX to XII, metculously crafted by our dedicated subject
experts. Directorate of Eduecation is committed 1o empower educators and
students alike by providing these resources free of cost for students of all
government and government aided schools of Dethi,

The support material is an appreciable effort to align the content with the
latest CBSE patterns. It has been carefully designed as a resource to facilitate
the understanding, ecguisition and practice of essental skills and
competencies outlined in the curriculum.

The core of this support matenial lies in providing & framework for
adopting an analysis-based approach to leamning and preblem-solving, It aims
to prompt educators (o refllect on their teaching methodologies and create an
interactive pathway betwesn the child and the text.

In the profound words of Or A P.J. Abdul Kalam, *Educationists should
build the capacities of the spirit of inguiry, creativity, entrepreneurial
and moral leadership among students and become their role model.”

The journey of education is ongoing; it's the process, not just the
outcome, which shapes us. This support material endeavours to be that
catalyst of change for cachstudent of Directorate of Education,

Let us embark on this transformative journey together, ensuring that
every student feels equipped not anly with the knowledge but alse, with the
slills and mindsat to thrve in the 21st century,

I'wish you all the best for all your future endeavours.



Dr. RITA SHARMA Govt. of NCT of Delhi

Additional Director of Education git:jeg.nmt? ?:H I:_dDu:;ﬂ::r; i
YExam ecretariat, i=
e 4 Ph.: 23880185
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The persistent efforts of the Directorate in making the course material more
accessible and student-friendly are evident in the conscientious preparation of
the Support Material. Our team consistently adapts to the evolving educational
landscape, ensuring that the Support Material for the various subjects of classes

9 to 12 align with the latest CBSE guidelines and syllabi prescribed for the
annual examinations.

The Support Material encapsulates crucial subject-specific points and facts,
tailored to suit the students, all presented in a lucid language. It is our firm
belief that these resources will significantly augment the academic prowess of
our students, empowering them to excel in their upcoming examinations.

I extend my heartfelt congratulations to the diligent officials and teachers whose
dedication and expertise have played a pivotal role in crafting this invaluable
content/resource.

I convey my best wishes to all our students for a future brimming with success.
Remember, every page you read is a step towards an enlightened tomorrow.

L% 3

(Dr Rita Sharma)
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Constitution of India
Part IV A (Article 51 A)

Fundamental Duties

It shall be the duty of every citizen of India —

(a)
(b}

(€)
(d}

(e)

(i}
)

"(k)

to abide by the Constitution and respect its 1deals and institutions,
the National Flag and the National Anthem:

to cherish and follow the noble ideals which inspired our national
struggle for freedom:
to uphold and protect the sovereignty, unity and integrity of India.

to defend the country and render national service when called
upon to do so;

1o promote harmony and the spirit of common brotherhood amongst
all the people of India transcending religious, linguistic and regional
or sectional diversities: to renounce practices derogatory 1o the
dignity of women;

to value and preserve the rich heritage of our composite culture;

io protect and improve the natural environment including forests,
lakes, rivers, wildlife and to have compassion for living creatures;

1o develop the scientific temper. humanism and the spirit of inguiry
and reform;

to safeguard public property and to abjure violence;

to strive towards excellence in all spheres of individual and

collective activity so that the nation constantly rises to higher
levels of endeavour and achievement;

who 1s a parent or guardian, to provide opportunities for education
to his child or, as the case may be, ward between the age of six
and fourteen vears,

Mole;

Thie Article 3 LA containing Fundamental Duties swas inserted by the Constitution
(423nd Amendment) Act, 1976 (with effect from 3 Janunry 1977),

(kY was mserted by the Constitution (86th Amendment) Act, 2002 (with
effiect from | April 2000,
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THE CONSTITUTION OF
INDIA

PREAMBLE
WE, THE PEOPLE OF INDIA, having

solemnly resolved to constitute India into a
‘[SOVEREIGN SOCIALIST SECULAR
DEMOCRATIC REPUBLIC] and to secure
to all its citizens :

JUSTICE, social, economic and
political;

LIBERTY of thought, expression, belief,
faith and worship:

EQUALITY of status and of opportunity;
and to promote among them all

FRATERNITY assuring the dignity of
the individual and the “[unity and
integrity of the Nation];

IN OUR CONSTITUENT ASSEMBLY
this twenty-sixth day of November, 1949 do
HEREBY ADOPT, ENACT AND GIVE TO
OURSELVES THIS CONSTITUTION.

1. Subs. by the Constitution (Forty-second Amendment] Act. 1978, Sec.2.

for “Soverelgn Democratic Republic” (w.e (. 3,1.1977)
2. Subs. by the Constitution (Forty-second Amendment) Act. 1976, Sec.2.
for “Unity of the Nation " fw.e.l 3.1, 1977)
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SYLLABUS FOR SESSION 2023-24
CLASS XTI (TREORY)

Time: 3 Hours 70 Marks
S. No. UNIT No. of Periods| Marks
2 Solutions 10 7
3 Electrochemistry 12 9
4 Chemical Kinetics 10 7
8 d -and [ -Block Elements 12 7
9 Coordination Compounds 12 7
10 Haloalkanes and Haloarenes 10 6
11 Alcohols. Phenols and Ethers 10 5]
12 Aldehydes, Ketones and Carboxvlic Acids | 10 8
13 Amines 10 6
14 Biomolecules 12 7
Total 108 70

Unit II Solutions

Types of zolutions, expression of concentration of solutions of solids in liquids,
solubility of gases in liquids, solid solutions, Raoult's law, colligative properties -
relative lowering of vapour pressure, elevation of boiling point, depression of
freezing point. osmotic pressure, determination of molecular masses using
colligative properties. abnormal molecular mass. Van't Hoff factor.

Unit IIT Electrochemistry

Redox reactions, EMF of'a cell, standard electrode potential, Nernst equation and
its application to chemical cells, Relation between Gibbs energy change and EMF
of a cell, conductance in elecirolytic solutions, specific and molar conductivity,
variations of conductivity with concentration. Kohlrausch's Law, electrolysis and
law of electrolysis (elementary idea), dry cell-slectrolytic cells and Galvanic cells,
lead accumulator, fuel cells, corrosion.

XVi



Unit IV Chemical Kinetics

Rate of a reaction (Average and instantaneous), factors affecting rate of reaction:
concentration, temperature, catalyst; order and molecularity of a reaction, rate law
and specific rate constant, integrated rate equations and half-lile (only for zero and
first order reactions), concept of collision theory (elementary idea, no
mathematical treatment), activation energy, Arrhenius equation.

Unit VIIT d and f Block Elements

General introduction, electronic configuration, occurrence and characteristics of
transition metals, géneral trends in properties of the first-row transition metals —
metallic character, ionization enthalpy, oxidation states, iomic radn, colour,
calalytic property, magnetic properties, interstitial compounds, alloy formation,
preparation and properties of K,Cr, 0, and KMnO,.

Lanthanoids - Electronic configuration, oxidation states, chemical reactivity and
lanthanoid contraction and its consequences.

Actinoids - Electronic configuration, oxidation states and comparison with
lanthanoids.

Unit IX Coordination Compounds

Coordination compounds - Introduction, ligands. coordination number, colour,
magnetic properties and shapes, IUPAC nomenclature of mononuclear
coordination compounds. Bonding, Werner's theory, VBT, and CFT; structure and
stereoisomerism, the importance of coordination compounds (in qualitative
analysis, extraction of metals and biological system).

Unit X Haloalkanes and Haloarenes

Haloalkanes: Nomenclature, nature of C—X bond, physical and chemical
properties, optical rotation mechanism of substitution reactions.

Ialoarenes: Nature of C—X bond. substitution reactions (Directive influence of
halogen in monosubstituted compounds only ). Uses and environmental effects of -
dichloromethane, trichloromethane, tetrachloromethane, iodoform, freons, DDT.

Unit XI Alcohols, Phenols and Ethers

Alcohols: Nomenclature, methods of preparation, physical and chemical
properties (of primary alcohols only), identification of primary, secondary
and tertiary alcohols, mechanism of dehydration, uses with special reference to
methanol and ethanol.

Phenols: Nomenclature, methods of preparation, physical and chemical
properties, acidic nature of phenol, electrophilic substitution reactions, uses of
phenols.

Ethers: Nomenclature, methods of preparation. physical and chemical properties,
Lses.

xvil



Unit XIT Aldehydes, Ketones and Carboxylic Acids 15 Periods
Aldehydes and Ketones: Nomenclature, nature of carbonyl group, methods
of preparation, physical and chemical properties; mechanism of nucleophilic
addition, reactivity of alpha hydrogen in aldehydes, uses.

Carboxylic Acids: Nomenclature. acidic nature, methods of preparation,
physical and chemical properties: uses.

Unit XIIT Amines 14 Periods
MNomenclature, classification, structure, methods of preparation, physical and
chemical properties, uses, identification of primary, secondary and tertiary
Amnines.

Diazonium salts: Preparation, chemical reactions and importance in synthetic
organic cheniistry.

Unit XTIV Biomolecules 18 Periods
Carbohydrates - Classification(aldoses and ketoses), monosaccharides (glucose
and fructose), D-L configuration oligosaccharides (sucrose, lactose, maltose),
polysaccharides (starch, cellulose, glvcogen): Importance of carbohydrates,

Proteins -Elementary idea of - amino acids, peptide bond, polypeplides,
proteins, structure of proteins - primary, secondary, tertiary structure and
quaternary structures (qualitative idea only), denaturation of proteins; enzymes.
Hormones - Elementary ideaexcludmg struciure.

Vitamins - Classification and functions,
Nucleic Acids: DNA and RNA.

xviil



QUESTION PAPER DESIGN CLASS-XTI (2023-24)

S.No.

Domains

Marks

b

Remembering and Understanding: Exhibit
memory of previously learned matenal by recalling
fact, terms, basic concepts and answers. Demonstrate
understanding of facts and idea by orgamizing,
comparing, translating, interpreting, giving
descriptions and stating main idea.

28

40

Applying:

Solve problems to new situations by applying
acquired knowledge, lacis, techniques and rules ina
different way.

21

30

Analyzing, Evaluating and Creating:Examing and
break information into parts by identifying motives or
causes. Make inferences and find evidence to support
generalizations. Present and defend opinions by
making judements about information, the validity of
ideas or quality of work based on a set of criteria.

Compile information together in a different way by

combining elements in a new pattern or proposing
alternative solutions.

30

Xix




QUESTION WISE BREAK-UP

Sections| Type of Marks per | Total No. of Question | Total Marks
Question Question

A MCQ 01 16 16
B VaA 02 05 10
C SA 03 o7 21
D CASE STUDY 04 02 08
E |LA 05 03 15

TOTAL 33 70

Choice : There will be no overall cholce in the question paper.
However, internal choice in 1 question each of section-B and C, 1 question
each of case studies and all questions of section-E will be given.

XX




< Points to Remember >

SOLUTION: A homogeneous mixture of two or more chemically non-reacting

substances, whose composition can be varied within certain limits,

+  Abinary solutionhas two constituents one solute and one solvent.

* Solvent is the component present m largest amount and solute in smaller
gmounl m terms of moales),

* The solutions ray be gaseous, liquid or solid depending upon the physical state

ol solvent,

Mass® of a component
{wiw)= (mass of zoluie/
total mass of solution 100

NG

Mass by volnme pereentage
{w/v): mass of solute
dizzolved in 100 mL of the
galurion.

:

CONCENTRATION OF SOLUTION

/

2

Vilume percentage fvivit
volume of sohrte per 100 mL of
sofufion Yolvme®={volume of
spfute’total wolume of solotien)< 100

Male fr_aﬂ-i";;ﬂx}: Rﬂ_ﬂ[?l:l of no, of males of
one component to the total ne. of the
cofmponents present in the solution
LTy K g g ]

Mo unit, independent of temperature:

- =

Malality{m): No. of moles of
sulute per kg of the salvent.
Maolalityfm)=moles of salute/

expressing concentration us

it is independent of femperature.

Molariiy(M): The number of
moles of soluls per litke ar per
dm” of the solution.

M=Idoles of solutevolums of
sofution(in L) Unit: mol/L

* Changes with change in
temperature due to change in
yolume of solution.

]

Farts per million (ppm): part of
& component per million (10%
paits of the solution, ppm=na.

of pane of the component
x10%tatal no. of pars of all
componenls of the sobution. 1t i
wsed when a solute 15 present in
frace quantities

HENRY'S LAW: "The partial pressure of the gas in vapour phase (p) is proportional

to the mole fraction of the gas(y) in the solution"”
p=K.y. K, 1s Henry's law constant.

Higher the value of K, at a given pressure, the lower is the solubility of the gas m the

ligquid.

Applications of Henry's Law
i) Carbenated beverages: To increase the solubility of CO, in soft drinks and soda

(i)

water, the bottle is sealed under high pressure,

(i)

In deep sea diving. To avoid bends, toxic effects of high concentration of nitrogen

inthe blood, the tanks used by scuba divers are filled with air diluted with He,

(i)

For climbers or people living at high altitude. Concentration of O, 1n the blood

and tissues is so low that they feel weak and are unable to think properly, a disease

called anoxia.
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RAOULT'S

LAW

o

FOR ASOLUTION OF VOLATILE LIQUIDS:
The partial vagotr pressure of each compiaenl of
the solutien is direcly proporticanl (o ite mole
fraction present in solution, 174 and B are the two
vilfatile components of solurion then

Ba = Pk

B =Py X
Where p, and p, are partizl vapour pressure
of component A" and "B respectively in
golution. p. and p,” are vapour pressure of
oume components "A’and *B respectively,

B

FOR A SOLUTION CONTAINING NON-

sofntian is directly propactional 1s the mole faction
of the salvent.

=P P

Pusmp i
Effect of adding non-volatile solute on vapour
pressure of a fquid. The vapour pressose of a lignid
decreass if sume non-volarle solute is dissolved in
1t becanss some molecules of the solveat on the
surface are repleced by the molecoles of the non-
wotatile sobhute.

Ragults” law becomes a special case Henry's law in which K, becomes equal to
P’ i.e., vapour pressure of pure solvent.

TYPES OF LIQUID-LIQUID SOLUTIONS ON THE BASES OF
RAQULT'S LAW
(Let A and B be the two liguids in salution. )

2

IDEAL SOLUTIONS
+ Solutions which strictly obey Raoult's
| over the entive pange of
conceniraion
+ The interactions between solote and
solbvent are similsr to thosein pure
components.
P= T'fL ]"‘B—i";'xl
AH,. =10
AV, . =0
+ Benzene + toluene, hexans + heprane,
bromeothane + chlotosthans

T Po
d b £‘.ﬂ:

VEpUE pressue 1
Y

=1 piodarscting X0
il F=1

Graph for an ideal selution

TSy

NON-IDEAL SOLUTIONS
» Solutons which do not obey Raoult's
law over the embire Tange of
COnCEntraion
+ The interactions betweaen sobote and
soivent are differsnt from those of
[UTIe COMpOnents,
Py Pau."h Py F-nxcn
AH, #0
AV__#10
« Two types (i) Selufions showing
positive deviations from Raoult's
L,
(i} Soberions showing negative
deviations from Eaoult's law,
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TYPES OF NON-IDEAL
SOLUTIONS

/

N

NON-IDEAL SOLUTIONS SHOWING

POSTTTVE DEVIATTON FROM
RAOQULT'S LAW
- solute - solvent interactions are
wealer than solute - solute and
solvent - solvent inferaction

TP da L PP e

& H=D

A ED
e Acelong and ethanal, Water and ethanaol,
Acetgne and benzene.

=l Mobsgracion —= 3,70
x=ll =1

NON-IDEAL SOLUTIONS SHOWING
NEGATIVE DEVIATION FROM

WEPOUT OIeRsUNe ——s

RACOULT'S LAW

« solute - solvent interactions are
stronger than solute - solute and
solvent - solvent interaction

PP a s P D K

A H=0

ALY<0
2.2 Acetone and aniline, Water and nitric acid.
Water and HCL

=

AZEOTROPES
Liquid mixture, having the same composition, in liquid and vapour phase and boiling like

a pure liquid is called & constant boiling mixture or an azeotropic mixture or &n azeotrope.

Vi

N\

MINIMUM BOILING AZEOTROPE
Minimum boiling azeotropes form when
solutions exhibil positive deviation from
Raoult's law. e.2. 5% ethanol -
water mixture,

MAXIMUM BOILING AZEOTROPE
Mazimum boiling szeolrapes fomm when
solutions exhibit negative deviation from
Racult's law. e.g. 68%% mitiic acid-
wWater mixture.

COLLIGATIVE PROPERTIES
Physical properties of dilute solutions that depend upon the number of soluie pariicles
present in the solulion frrespective of their nature,
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RELATIVE LOWERING IN VAPOUR
PRESSURE
B -F
P

£
P,'= Vapaur pressire of solveut, I = Vapour
pressurs of solution
Wwhere "~ P/P." is relative lowering in vapour
pressure; ¥, = mole fraction of solute
ki
T,
For diline solution, ng<on,, hence n, i neglected
m the denominstor.

Ya-

BEl=F n
P} W
PY-P w.!*-‘.
Pl.u a MB 1'"‘].

w,= magss of solufe, M,= molar mass of eohuie
w,=magss of solvent, M,= molar mass of solvent

ELEVATION IN BOILING POINT {(AT,)
AT, = m. AT, = ko m=moduliry

ke, = molal eleviion constant £ Ebullinscoplic
constant. It is the elevation in boiling point when
the molality of solution 15 unity, 51 umif -

K kg mol'

Elevation in boiling point and Molar mass of
solute M =k, 1000w AT,W,

b =Malar mass of solute, w, = mass of solute.
w,= maas of solvent {in gram )

Boiling pomnt of

1013 bar !
or 1 Atm Sn]jj-‘ll alution
g e :

2 B IATY
g H

=, Thu i T
5 S o
TemperahoeE—

s

2

COLLIGATIVE PROPERTIES

il

g

DEPRESSION IN FREEZING POINT (AT,
AT, o m, ATAK,.m
E = mole] depression constant ! Cryageopic
consfaar. 1 s the depression in freezing polatl whes
the molality of solution iz unity. §1unit : K kgmol'
Depression in freezing point and Molar mass
of salute
M=k, 1000w, /ATw,
M,= Molar mass of solute, w, = mass of
soluie,
Wo=mass of golvent (in gram)
APPLICATION - Ethylene glycal is used ag
antifreeze (canses depression in freezing
point) in automobiles,

gttt
\ﬂ%ﬁg;ﬂ;j"

!

:

g.. ¢ i |

5 AT~

Bl i
Temperatore—

OSMOTIC PRESSURE ()
The excess prezsure that most be apphed ro a
softion side to prevent camosis el 1d stop the
passage of solvent malecules into it through semi-
penmeable membrang s called osmotic pressure,
wee Cornee TLo=CRT,
C =Wolamy ol soluton, C© = o,/V, V=volume of
sofution (L), ay=no. of moles of solue
a Ve RT
7= w RT/MV
R=0.0821L stm K. mol ' ; T=Temparzture in Ketyin
ISOTONIC SOLUTIONS
Two solutions having same osmolic predsore ot ol
given temperature are called sotonic solutions,
Hypertonie solution have higher csmotig
pressure and Hypotonic solution have lowsy
ogmotic pressure than the other sobution. 0.9 1%
of sodivm chloride is isoloenic with Quid present
mgide humenved blood cella,
REVYERSE QSMOSES-If 2 pressure higher than|
ogmatic pressure is applied on the solution they
solvent will fiow from the solution into the pure
sofvent through the semi permeable membrans. [y
is uged in the desalination of sen water.
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Abnormal Molar Masses

The molarmass ol a substance determined by studving colligative properties comes oul {o
be different from their normal values. the substance is said to show abnormal molar mass,

The anomalies in molar masses or colligative properties for electrolytes are mainly due to
(i) Digrociation of'molecules (i) Aszociation of molecules
van't Holf factor (i)

van'l Hofl factor (i) is defined as the ratio of the experimental value of the colligative
property to the calculated value of the colligative property.
. Observed colligative property
'™ Calculated colligative property
OR
. Total number ol moles of particles after association/dissociation
'~ Number of moles of particles before association/dissociation
DR

o Ijnrmal (caleulated) molar mass
= Abnormal {observed) molar mass

Casel

In caze of association. observed molar mass being more than the normal, the factor (i) has
valug legathan [ [i<1]

Casell

In case of dissociation, observed mass being less than the normal molar mass, the factor/
hasvalue greaterthan 1. [1 >1]

CascITT

Incase there is no association or digsociation the value of i becomes equal to one.
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OBJECTIVE TYPE QUESTIONS
1 MULTIPLE CHOICE QUESTIONS
1. The molarity of98% LSO, (density=1.8 w/mL) by weight is:

(a) oM {b) 18M
(c) 10M () 4M
2. Whichofthe following does not show positive deviation from Raoult's law?
(a) benzene+chloroform {h) benzene + acetone
(c) benzene+ethanol {d) benzene+CCl,
3,  Which solution will have least vapour pregsure?
(a) 1Mglucose {b) 2 M glucose
{e} 3 Mglucose (d) 4 M glucose
4.,  Which condition is not satisfied by an ideal solution?
(2) A H=0 B)  ALV=0
(€) AuLP=0 (@  ALS=0

5, Azeotrope mixture are;
{a) tnixiure of two solids
(b) thosewill boil at different temperature
(¢) thosewhichean be fractionally distilled
(d) constantboilingmixiures
6.  Which is temperature independent term?
(a) wiwhs (b) vivie
fc) wiv¥ (d) Molarity
7. Solute when dissolve in water
(a) increases the vapour pressure of water
(b) decrsases the boiling point of water
{¢) decrease the freezing point of water
(d) Allofthe above
8 The plant cell will shrink when placed in:
{a)} water {b) a hypotonic solution

(c) ahypertonicsolution {d) an isotonic solution
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Two aqueous solutions 8, and S, are separated by a semi-permeable membrane. S,
has lower vapour pressure than S1 ofa non -volatile solute, Then
a)  mote solventwill flow from S 1o 8,

b} more solvent will Dow fom 8,108,

c) solventfrom S, and S, will flow at equal rates

d) noflowwill take place

Temperature dependent concentration term s ;

fa) M (b) m

{c) x {d) Allofthese

Which of the following solutions would have the highest esmotic pressure:
{a) M/10NaCl (h) M0 Urea

(¢} M/10Ball, (d) M0 Glucose

(.5 M agueous solution of glucose 1s 1sotonic with:

{a} 0.5MECIsolution (k) 0.5 M CaCl, solution

[c} 0.5MUressclution (d} 1 M solution of sucrose

Which of the following is true for Henry's constant 7
(a) Itdecreaseswith temperature

(b} Ttincreases with temperature

(¢} Independentontemperature

(d) Itdomnotdepend onnature of gases.

Which one 15 the besl colligative properly for determination of molecular mass off
polymer?

{a) osmotic pressure {b) ¢levation in boiling point
{¢) depressionin freezing point  (d) OSMOSis

An azeotropic solution of two liquids has boiling point lower than either of them
when it

4} shows nepative deviation from Raoult's Law
b} showsno deviation from Raoult's Law

¢} showspositivedeviation from Raoult's Law
d) issaturated

Henry's law constant K, of CO, in water at 25°C is 3 x 107 mol/L atm’
Calculate the mass of CO, present in 100 L of soft drink bottled with a partial
pressure of CO, of 4 atm atthe same tempesratrue,
(a) 528g (b} 12.0g
(e} 428g {d) 528z
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17.

18.

19,

21

23

24.

If osmwotic pressure of | M urea is m. what will be the csmotic pressure for
2Murea?

(a) m (b) (lm

{¢) 2% (d) (02n

Themost likely an ideal solution 13

(a) NaCl-H,0 (hy  C,H,0H-CH,
(¢) CH,-HO @) CH,-GlH,
.. H for solution of CHCL, and CH,COCH, 15.

{a) positive (b} ]

(¢} negative {d) None ol these

The solutions A, B, C and D are respectively 0.1 M glucose, 0.05 M NaCl, 0.05
MBaCl, and 0.1 M AICL, . which one of the following pairs is isotonic?

(a) A&C {b) B&C

fcy C&D (d) A&B

Which one of the following pairs will form an ideal solution?

() Chloraform and acetone (b) Ethanol and acetone

(¢} n-hexaneandn-heptane (d} Phenol and aniline

An azeotropic solution of two liguids has a boiling point lower than either ol the two
whenit ?

{a) showsaposiuve deviation from Raoult's law

(b} showsanegative deviation from Raoult’s law.

{¢) showsnodeviation from Raoult's law.

(d) issaturated.

Which of the following formula represents Raoult's law for a solution containing
nen-volatile solute?

(a) Po= Pnl.ulu * Koo

(b) P=Kyy

(e) Pru=Piiin

@ Pow=Pluia® X

On mixing 20mL of acetone with 30 mL.of chloroform. the total volume ofthe
solution is

{a) <50mL ()  =S0mL

{c} =50mL (d) =[10mL
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Elevation of boiling point ininversely proportional to

{a) molalelevationconstant(kK) (b) molality {m)

(c) molarmass ofsolute{M) {d) weight of solute (w)

Anunknown gas X' is dissolved inwater at 2.5 bar pressure and has mole fraction
0.04 in solution. The mole fraction of X pas when the pressure of gas is doubled at

the same lemperature 18

(a) 0.08 by  0.04
(c) 0.02 (dy 092

The boiling point ofa 0.2 m solution of a non-eletrolyte in water is (k, for water=
0.52kzmol )

(a) 100°C (b) 100.52°C

(c) 100.104°C (d) 100.26'C

In the following diagram point, X' represents

Ll
= 4

Tamzarsics —

{a) Buoiling pointof solution (b} Freezing point of sobvent

{¢) Boiling pointof solvent {d} Freezing point of soluticn
A compound undergoes complete tetramerization in a given organic solvent. The
van't Hoff factor 1'is:

fa) 4.0 () 025
{c) 0.125 (d) 2.0

FILL IN THE BLANKS
The sum of mole fractions of all the components i a three component sysiem is equal

A Solution which distill without change in compositioniscalled .................
Drezalination of sea water is based on the phenomenon of.......cccciviicnnnn

Relative lowering in vapour pressure is equal to the mole fractionof ...
The evaporation of agueovs solution of glucose cavses its molarity to...o.oeeecee.
The boiling point of sea water at latm pressure 15 .............. that of distilled water.
The ratio of observed value of colligative property to the caleulated value of
colligative propertyiscalled ......cccoovrivvinens

The most suitable colligative property to measure moleenlar mass of polymers is............
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10.

i

People taking a lot of salt develop swelling or puffiness of their tissues. This disease

If observed molar mass of a solute is more than calculated molar mass, then the

solute undergoes............... insolution.

ASSERTION REASONTYPE QUESTTONS

{a) Both assertion and reason are correct statements, and reason is the correct
explanation of the assertion.

(b} Bothasserbion and reason are correct staternents, but reason 1s not the correct
explanationof the assertion,

{¢)  Assgeriioniscorrect, bul reason is wrong statement

{d) Assertionis wrong, but reason is correct statement

Assertion: Molality is a better method to express concentration than molarity.

Reason: Molality i3 defined in terms of mass of solvent and not velume of

solution .

Assertion: Sodabottles are sealed under high pressure,

Reason: High pressure increases the solubility of carbon dioxide gasinsolution.

Assertion: Non-ideal solutions always form azeotropes,

Reason: Boiling point ofan azeotrope may be lower ot higher than boiling points of

both components.

Assertion: Benzene and hexane form an ideal solution.

Reason : Both benzene and hexane are hydrocarbons,

Assertion: 1 molarNaCl solution has higher boiling point than one molarurea.

Reason: NaCl dissociates into ions in solution

Assertion: Two solutions having same osmotic pressures will also have same

Vapour pressures.

Reason: Lowering ol vapour pressure is not a colligative property .

Assertion : Helinm is mixed with nitrogen and oxvegen in diving cylinders

Reason: Helium has comparatively low solubility in blood.

Assertion: NaCl or CaCl; 18 used to clear snow on roads in the hills.

Reason: The salts depress the freezing point of water,
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Assertion: Molar mass of acetic acid in benzene caleulated using colligative
property is almost double the actual value.

Reéagon: Acetic acid dimerises in solution.
Assertion: Vapour pressure of's solution is more that of the pure solvent,

Reason: The solute particles occupy certain area ol the surface of the solution which
reduces the amount of vapour.

Assertion; When NaClis added to water, a depression in freezing point 15 observed.

Reason: The lowerng of vapour pressure of a solution causes depression in the
freezing point,

ONEWORDANSWER TYPE QUESTIONS

Which of the following is a dimension less quantity : molarity, molality or mole
fraction?

Liquid "Y" has higher vapour pressure than liquid 'X' . Which of them will have
higher boiling point?

N, and O, gases have K, values 76 48 kbar an d 34 .86 kbar respectively at 293 K
temperature. Which one of these will have more solubility in water?

Name fork, i1s

Mention the unit of ebullioscopi¢ constant {molal boiling pomnt elevation constant).

What type of deviation from Raoults law is exhibited the solution forming
minimum boiling azeotrope?

Fur reverse osmaosis to take place external pressure applied must be lesser than or
greater than csmotic pressure?

MName the law which can explain the solubility of gases in liquids at different pressures,

Ot of molarity and molality which is preferred for expressing the concentration of
solution?

A decrease in temperature i3 observed on mixing ethanol and acetone. What type of
deviation from Raoult’s Jaw 1s this?

What is the sum of the mole fractions of all the components in a three component
system?

10cm’ ofa liquid A was mixed with 10 crin” ofliguid B, The volurne of the resulting
solution was found to be 19.9 em®. What do you conclude?

Name the disease caused by low concentration of oxygen in the blood and tissues of
people living at high altitude.
Mention a large scale use of reverse 0smosis.

Undar which conditon van't ol factor is less than ane,
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[VERY SHORT ANSWER TYPE QUESTIONS (1 Mark Questions)

0Q.1. What is van't Holf Factor ?
Ans. [tis the ratio of normal molecular mass to observed molecular mass. It is denoted as /.

{ = nomal molecular massiobserved molecular mass

=no. of particles after asgociation or dissociationno. of particles before dissociation or
association

0.2, What is the van't Hoff factor in K [Fe(CN}),] und BaCL, ?
Ans. Sand 3
0.3. Why the molecular mass becomes abnormal ?
Ans. Die to association or dissoclation of solute in given solvent,
.4, What role does the molecular interaction play in the solution ol alcohol and water ?
Ans. Positive deviation from ideal behaviour,
Q.5. What is van't Hoff factor ? How is it related with :
{a) degree of dissociation (b} degree of association
Ans. It iz the ratio of normal melecular mass to observed melecular mass. It is dencted as /,

i = normal molecular mass/obeerved molecular mass

i = no, of paricles afler associalion or dissociation/no. of particles before dissociation or

association
=1 i-1
1 O o, )
= = -l

Q.6. Why NaCl is used tv clear snow from roads ?

Ans. 1t lowers freezing point of water,

0.7, Why the boiling point of solution is higher than pure liguid 7

Ans. Due to lowering m vapour prossure.

(.8, Henry's law constant for two gases are 21.5 and 4%.5 atm, which gas is more
soluble ?

Ans. K, 15 mversely proportional to solubility.

0.9, Deline azeotrope. Give an example of maximum boiling azesirope.

Hint: Refer "Points lo remember”

Q. 10. Calculate the volume of 73% of H,50, by weight /d = 1.8 gin/mL) required to
prepare 1 Lot 0.2 M solution.

Hint: M, =Mnsz % % d %10

SR
MV, =M\V,
=145 mL
Q. 11. Why water cannot be completely separated from aguesos solution of ethyl alcohol ?
Ans. Due to formation of azeotrope at {95 4%).
Q.12. Why anhydrous salts like NaCl or CaCl, are used to clear snow from roads on hills 7
Hint : They depress freezing point of water.
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(.13, What is the effect on boiling and treezing point of'a solwtion on addition of NaCl ?
Hint ; Boiling point increases and freezing point decreases.

0.14. Why osmotic pressore is considered as colligative propecty 7

Hint - Tt depends upon number of moles of solute present insolution,

(.15, Liguid A and B on mixing produce a warm salution. Which type of deviation does this
solution show ?

Hint - —vedevianon for from Reoult’s law

€3.16. Give an ecxample of a componund in which hydrogen bonding results in the formation of
a dimer.

Hint: Caurboxylic acids

0.17. What role does the molecular interaction play in solotion containing
chloroform and acetone 7

Himt : H-bonding formed. regulis in negstive deviation fror Raoult's law.,
.18, What is meant by 5% Na.CO, solution (w/w)?
Ans, 5% wiw means 5g No, CO, dissolves in 100 g solution.

.19, What will be the mole [raction of CHOH in agueons solution of CH,0OH when
solution contain equal number of moles of water and CH OH?

Ans. Solution is equimelar, it means mole fraction of each component is 0.5,

.20, I at the same temperature, hydrogen is more soluble in water than helivm, which of
them will have ahigher valoe of K7

Ang, Az H, iz more solubls than helium, so Hywill have lower value of K, than thal othelium.

().21. State the formula relating to the pressure of a gas with its mole fraction in a liquid
solution in contaet with it

Hint: p=K;x

.22, UK, for water is 1.86 K kegmol, what is the boiling point of 0.01 molal agueous solution
of 2 substance which undergoes neither association nor dissociation?

Ans AT, = K, . m

AT, =1% 1LB§ =001 =0.0185
= 100.0186°C

.23, Why does sodivum chloride solution freeze ata lower temperature than water?

Hint: NaC'l being non-volatile soluie | decreases the vapour pressure and thersfors decreases the
freezing point,

Q.24. Out of 0.1 maolal splution of glucose and NaCl, which one will have a higher boiling
point and why?

Aps. 0.1 mWaC |l solulion will have higher boiling poimnt because it dissociates i the soluton. Az a
result, number ofmales ofthe solote in solvent 1s higher in case of NaCl than glucose.

(.25, Lonie comapounds are soluble in water but they are insoluble in organic selvents,
Give reason,
Hint: "Like dissolves like™
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i SHORT ANSWER TYPE QUESTIONS (2 or 3 Marks Questions)

0).1. State Henry's law. What is the significance of K ?

Ans. Henry's Law: Tt stafes thai "the partial presgure of the gas in vapour phase (p) is direcily
propartional to the mole fraction of the gas (x ) in the solution”, and is expressed ag : p=K,, x where,
K, isthe Henry's Law constant

Significance of K, : Higher the value of Henry's [aw constant K . the lowet is the solubility of the
gas in the liguid,

0Q.2. How is that measurement of osmotic pressure is more widely used for determining
malar masses of macromaolecules than the elevation in boiling point or depression in freezing
point ol their solutions?

Ans : Thi osmotic pressure method has the advantage over elevation in boiling point or depression
in freezing point for determining molar masges of macromolecules because

1. Osmotic pressure is measured at the room temperature and the molarity of solution is used
instead of molality,

2. Compared to other colligative propertics, its magnituds is large oven for very dilute solutions.
Q3. Equal moles of liquid I and Q are mixed. What is the ratio of their moles in the
vapour phase? Given that P°=2x P
Hint: Since equal moles of P and ) ase mixed
= Male fraction of P = Mole fractionof Q=x=1/2
P,=p 2 1f2=2 %P7 x 1/2=P;
P,=P° % 1/2=P2 12
= In-vapour phase, let the total pressure be P
y=P/P=P"p
y, =B,/ P=(P/2)/P
= yiyy= 21
- Ratio of moles of P and Q in vapour phass =y, v, = 211
= P:Q=2:1

by

).4. On mixing liguid X and Y, volume of the resuiting solntion decreases. What type of
deviation from Raoult's law is shown by the resulting solution ? What change in temperature
waonld vou observe after mixing lignids X and ¥ 7

Hint: Negative; Increase in tenap.

().5. Eaplain the significance of Henry's constant (K,). At the same temperature, hydrogen is
mare soluble in water than helium. Which of them will have higher value of K, and why 7
Hint: Significance of K, Higher the value of Henry's lnw constant K, the lowes is the

solubility of the gas in the liguid ; He has higher valus of K,
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0.6, How many grams of KCI should be added to1 kg of water to lower its [reezing point
to — 8.0°C ? (K,=1.86 K kg mol )
Ans, Sinee KCI dissociste in water completely, 1=2.

AT =iK,.m
m=A4T, i K,
B 8
2% 1.86

=213 molkp

Grame of KC1 =215 = 74, = 1602 g/lcg
0Q.7. Why is freezing point depression of 0.1 M sodivm ¢chloride solution nearly twice that of
0.1 M glncose solution”
Hint: Colligative propertics o number ofparticles.
NaCT is a strong eleetrolyte and gives two particles on dissociation, but glucose being non-
electrolyte does not diszociate and romains as a single particle
(3.8, 2) Why is an increase in temperature observed on mixing ehloroform and accione?
b} Why does sodinm chloride solution freeze at a lower temperature than water?
Ans: a} The bonds between chloroform molecoles and molecules of acetone are dipole-dipola
interaciions but on mixing, the chlorolorm snd acelone molecules, they starl forming hydiogen
bonds which are stromger bonds resulting in the release of energy. This gives rise to an incrgase in
temperature,
b) When a non- volatile solute iz dissolved ina solvent, the vaponr prezsure decrenses. Az a result,
the solvent freezes at a lower femperature.
0.9, Define reverse osmosis. Wrile its one use.
Hint: If the pressure applied onthe solution 15 greater then the osmotic pressure than the solvent
malecules starl (o move Bom solution into solvent through a semmpermesble membrang this
process called the reverse osmosis. ; Desalination of water,
Q10.Why does an azeotropic mixture distills without any change in compaosition ?
Hinr : It has same composition of components in liguid and vapour phase.
0).11.Under what condition Van't HotT factor is :
{a) equal toT 7 (b) less than 1 7 {¢) morethan 17
ITint; {a) When the solute neither azsoctates nor dissociates ingolution , fisequalto I
[b)When the solute under goes association in solution . fis fess than 1.
{g) Whenthe solute under goes dissociationinsoluhion, iismoere than 1.



16| Chemistry-XI1

Q.12. An agqueous solution of 2% non-volatile exerts a pressure of 1,004 Bar at
the normal boiling point of the solvent. What is the molar mass of the solute ?
Hint:

P -PF, Wyxm,

Pnﬁ = n]_a - W
10131004  2%18
1.013 m, %95
g < 41.35g/mol

.13, Why is it advised to add ethylene glycol to water in o cor radiator in hifl
station ?
Hint: Anti-freeze.

().14. Calcnlate the molarity of pure water (d =1 g mL™").
Ans. Densily of water =1 g mL"
bass of 1000 mL of water=V = o
= 1000 mL = 1 g'mL
=1000 g
_ oo _
Moles of water= 18 = 35.55 mol

MNow, mole of H,O present in 1000 mL or 1 L of water.

So, molarity = 55.55M

().15. Define Henry's law. Give their two application.

Hint: Refer"Points to remember”

).16. The dissolution of ammonium chloride in water is end othermic process. What is
the effect of témperature on its solubility 7

Ans. Since dissolution of NH,C1 in water is endothermic process, its solubility
increases with rise in temperature (e, Le-Chatelier progess).

(.17, Two liquids A and B boil at 145°C and 190°C respectively, Which of them has
higher vapour pressure at 80°C 7

Ans, Lower the boiling point more volatile 15 the respective compound. Therefore.
liquid A will have higher vapour pressure al 80°C,

Q.18. Why is liquid ammaonia bottle first conled in ice before opening it 7

Ans. Al room temperature, the vapour pressure of liguid ammonia is very high, On
cooling vapour pressure decreases, therefore the liquid asamonia willnot splash out,
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(.19 Determine the amount of CaCl dissolved in 2.5 at 27°C such that its osmotic
pressure is 0.75 atm at 27°C. (7 for CaCl, = 2.47)

Amg For CaC'l,.
1 =247
z =iCRT
= '::': < RT
247 = py @ (OB = 300
{Ju?j - 215
0.73=25

"7 247 x 0.082 x 300
ng= L0308 minl
Amount of CaCl, = 0.0308 mol * 111g mol’
=3418g

.20, Determine the osmotic pressure of a solution prepared by dissolving 25 mg of
K50, in 2 litre of water at 253°C assuming that it is completely dissociated.
Ans, IfE 50, is completely dissociated,
K,50,= 2K'+50,
=3
Mol muss of K80, =2 % 39+ 32 +4 x 16= 174 g mol’
= iCRT
_Wp*RT
My =V
_ 325 107% 0,082 x 208
174 = 2.0
=527 % 10" atm

.21, 7f the solubility product of Cu% is & x 10, caleulate the maximum molarity
of Cuf in agueous solution.

Ans. K of Cub=6 = 1o
If 8 15 the sohuhility, then

Cus — >+ 8
[Cu™] =8, [§']=5
1+ .
K, =[Cu ][§]=8%x8=§
Solubility S =J K, =[6x 10"
245 % 10°M

Highest molarity = 2.45 » 10" M
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.22 Suggest the most important type of intermolecular attractive interaction in
the following pairs:
{a) n-hexane and n-octane (b) L. and CCl,
(¢) WaClO,and water
Ans.  (a) van der Waals interaction
(b} van der Wasls intersction
() lon-dipale interaction
23, The vapour pressure of water i3 12.3 kPa at 300K, Caleulate vapour pressore
of 1 mulal solution of a non-velatile selute in it
Ans. Mole [raction of solute =

= 00177
14 1000
18
o
I Gl S
o
23R oo
12.3 '
B, =12.08 Kpa

.24, 6,.90M solution of KOH in water contains 30% by mass of KOH. Caleulate
the density of the KOH solution, (Molar mass of KOH =56 g mol™)
Ans. Mass of KOH =30 g

M= 1000
wiml) "

SRR, (N 1000 = il w 1000
M, * V{mL}) 6=V

30 = 1000
o=V

650

v = 20 g snL
56 % 6.90

j
d ==

_ 100

- i
Rlal | .28gmL
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).25. An anti-freeze solution is prepared from 222.6 g of ethylene glyeol
CH {OH), and 200 g of water. Calculate the molality of the solution. If the
density of this solution be 1.072 g ", what will be the molarity of the
solution ?

Ans, M, of C,HL(OH), = 62 gmol’

1 . Wa . io0p < 2226x1000
e 1 P ST i S— e
Molality W, = 1000 MW, SER200
17.95m
Density =
YVolume
4226
So. Volume = — 255 _ — 39422 mL
Dengity 1,072
Mg
= — 000
%) v % ]
= 2228 000 = 9.11M
304.22 = 62 *

0.26. What would be¢ the molar mass of compound if 6.21 g of it is
dissolved in 24.0g of CHCL, from a solution that has a boeiling point of
68.04°C. The boiling peint of pure chloroform is 61.7°C and the boiling
point elevation constant K, for chloroformis 3.63°C/m.
Ans. Elevation in boiling point AT =68.04 — 61 7 =6.34°C

Mass of substance W, =6.21 g

Mass of CHCI1, W, =240 ¢

Ks=3.63 "Cim

KoxWp= 1000 363 =621 = 1000
AT, W, 634 % 24

M, =

= 148,15g mol’
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.27 A solution of glyeerol (C,H,0.) in water was prepared by dissolving
some glyecrol in 500 g of water. This solution has a boeiling point of
100.42°C while pure water boils at 100°C. What mass of glveerol was
dissolved to make the solution 7 (K= 0.512 K kg mol")
AnS, Given w=500¢

Boiling point of solution(T,}=100.42"C

K (H,0=0.512Kkegmol '

M,(C,H,0,)=3%12+8x1+3x16=92gmol"

AT =T,-T,=373.42-373K=0.42K

K, w,%1000 AT M, *w,
As we know AT, = M, *w, = W, —Kth 00

_ 0.42Kx92g mol *500g B
"= 0512 Kkg mol'<1000gkg” " 1°8

(3.28. 18 g of glucose (C,H,,0,) (molar mass = 180 g mol") is dissolved in
1 kg of water in a saucepan. At what temperature will this solution boil ?
for water = 0.52 K kg pure water=373.1 K)

Ans. According to question,

M=18g mol”
M,=180g mol”
w=1kg=1000g
w,=18g K,=0.52 K kg mol”
We know that AT,= K, %2, 1000
M, W,
oF AT,=0.52 K kg mol*x —8 __ » 1000ke_ _, honie

b4
180g moal 1000g

Since water boils at 373.15 K at 1.013 bar pressure, therefore, the boiling
point of sohution will be 373.1540.052=373202 K
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LONG ANSWER TYPE QUESTIONS (5 Marks ) |

0.1 (a) Define Raouli's law of binary solution containing non-volatile solute in
it.
(b} On dissolving 3.24 g of sulphur in 40 2 of benzene, boiling point of

solution was higher than that of henzene by 0.81K (K, = 2.53 K kg mel”).
What is molecular formula of sulphur ? {(Molar mass of sulphur = 32 2 mol ")

Ans.(a) Al a given temperature, the vapour pressure of a solution containing
non-volatile solute ig directly proportional to the mole fraction of the solvent.

(b) . K, wxl000  _ 2.53x3.24x 1000
" AT W, 0.81x40
=253 g mal’

Let the molecular formula of sulphur=§,
Atomic mass of sulphur = 32
Molecular mass = 32 = x
32x =253
x=791=8
Molecular formula of sulphur =5,

Q.2(a) Outer shells of two eggs are removed. One of the egg is placed in pure
water and the other is placed in saturated solution of NaClL What will be
observed and why ?

(b} A solution prepared by dissolving 8,95 mg of a gene Iragment in 35.0 ml of
water has an osmotic pressure of 0.335 torr at 25°C. Assuming the gene
fragment iz a non-clectrolyte. determine the molar mass,

Ans. (a) In pure water the egg swells and in saturated solution of NaCl it will

=

&

{b) Mass of gene fragment = 8.93 mg
=895 % 107°g
Violume of water =35.0mL =35 10"L
m=10.333 torr = (1.335/760 atm
Temp=25+273=298K
= W.RT
M, ®xV
0335 - 805 % 10%% 0.0821 x 298
760 M, = 35 = 10°
M,= 141933 g mol”
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0.3 (a) Define van't Hoff facior.
{b) Calculate the freezing point depression expected for 0.07TINV aqueous
solution of Na,50,, If this solotion actually freezes at— 0,320°C, what wonld be the
vilue of van't Hell Tactor YK~ 1.86°C mul‘}
Amns.(a) van't Hoff facvtor : It 1 the ratio of the normal molar mass to the
observed molar mass of the solute,
(k) AT.=K,xm

AT, =136 = 0.0711=0.132
Observed freezing pomnt = 0 - (-0,320) = 0.320°C

Observed freezing point
Caleulate freezing point
0.320
0.132

= 242

0Q.4. (a)What is the value of § when solute is associaled and dissociated ?

{b)Caleulate the freezing point of an aqueous solution containing 10.50 g of
MgBr, in 200 g of water. (Molar mass of MgBr, = 184, K, = 1.86 K kg mol”)

Ans. (a) 7 < 1 when solule is associated and
i = | when solute is dissociated

n, % 1000

®rm= " @

W, = 1000 10.50 > 1000
= = =0.2853M
W, % W, 184 = 200

MgBr, ionizes as MgBr, — Mg"+ 2Br
i=3
AT=ixK,*xm
=3 % 1.86 = (,2853
=1.59
Freezing point =0 - 1.59'C = -1.59'C
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0.5 (a) What is the value of / fov AL(50,), when it is completely dissociated ?

(b) Calculate the boiling point of a selution prepared by adding 15.00 g of
NaCl to 250 g of water. (K, = 0.512 K kg mol" and molar mass of NaCl
=58.44 gmol")

Ans. (a) AL(S0,),— 2A1" +380,"

i=5

iK, * 1000 x W,
W, * M,

(b) AT, =

NaCl—»Na' + C1
i=2
2x 0512 % 1000 x 15
AT —350% 584
=1.05
Boiling Point of solution = 100 +1.05 = 101.05°C
(.6 (a) Calculatethe freezing point of selution when 1.9 g of MgCl,

(M = 95g mol'") was dissolved in 50g of water, assuming MgCL undergoes
completeionization. (K, for water= 1.86K kg mol™).

(b) (i) Out of 1 M glucose and 2 M glucose, which one has a higher boiling
point and why?

ii} What happens when the external pressure applied becomes more than
the osmetic pressure of solution?

Ans. (a)

:'Kr = w, =1000

A= Moxw,

AT, = 3 x(1.86 x 1.9/95 x 50) x 1000 =2.23K
T, =T,= 225K
273.15 - T,= 2.23

I.,= 27082 K
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{b) (i) 2 M plucose; More number of particles/less vapour pressure
(ii) Reverse osmosis
Q.7.(a) When 2.56 g of sulphur was dissoived in 100 g of CS,, the freezing
point lowered by 0.383 K. Calculate the formula of sulphur S, [K;
for CS,=3.83 K Kg mol"”. Atomic mass of sulphur=32 gmol"]
{b} Blood cells are isotonic with 0.9% soedinm chloride solution. Whai
happensif we place blood cells in a solution containing.
{i) 1.2% sodium chloride solution?
(ii) 0.4% sodium chloride solution?
Ans. (1) K, * w, * 1000
AL =="Nww,
3.83 = 2,56 = 1060
038 =100
M =256

Let molecular formula of sulphur = 8x, its mol mass = 32x
; 32x =256
x==8, S

(b) (i) Shrinks (i) Swells

0.8. (a) How will you determine the molecular mass from the relative
lowering of vapour pressure?

(b) ) At 298 K, the vapour pressure of water is 23.75 mm Hg. Calculate the
vapour pressure at the same temperature over 5% agueous solution of
urca NILCONIL..

Hint: (1) Reier "Points To Bemember™

(ii) According the Raoult's Law,

]
Subtituting the values, we have PP % w® M,
P M, W
23.75-F, 5x18
2375 60 %95
= ®1 ~ ~
= 2375 P, = — 1% _ 12375-0375
6l = 95

- P, = 2375 -0375=23.375mm
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QY. (a) List three points of differences between ideal solution and non-
ideal solution.

(b) Caleulate the boiling point elevation for a solution prepared by
adding 10 g of CaCl, te 200 g of water. (K, for water=0.512 K kg
mol’, Molar mass of CaClL =111 g mol)

(a) Refer " Points to remember”
®) AT, =iK,m=iK, Y, 1000
IVIE w]
For CaCli=2
K=0512K kgmol”
10 L1000

x

111 200

AT, =2=0.512 %

s AT, =0461K

Q10. (i) Give reason for the following:

(a) Cold drink bottles are sealed at high pressure CO,

(b) Aquatic species are more comfortable in cold water than in warm water.

(ii) Calculate the amount of KClwhich must be added to 100 g of water so

that water freezes at - 2L.0°C. Assume that KCI undergoes complete

dissociation. |Given, K, for water 1.86 K/m]

ane.{a) CO, is less soluble water, 30 a¢cording 1o Henry's law Lo increase its
solubility bottles are sealed at high pressure of CO,

{B) Inwarm water Kg value of CO, greater than cold water, consequently

solubility of CO, in water mereases with decrease of temperature,
Hence aguatic species are more comfortable in cold water rather than
Inwarm water,

() KCl — K"+Cl

van't Hoff factor (i)= Sruke 2

Accordingtoformula AT, =iK,m = 2=2%1.86xm

. 1.11=—l“——[i.538m

186
Armount of KC dissolved in 100g = ‘Eﬁg x 100 % 74.5 = 4.0008g

[Molar mass of KCl= 74,5 g mol"]
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(A)

B)

()

CASE STUDY BASED QUESTTON

Read the passage given below and answer the gu est ions that follow:

Dissolution of solids in water can be accompanied by absorption or evolulion of
heat i.e. dissolution process may be exothermic or endothermic in pature but
dissolution of gases in water is an exothenmic process. Dissolution ofa substance in
water is either due to ion dipole tnteraction or by hydrogen bond formation,
Dissolution of gases in water is highly affected by pressure. The quantitative
relationship between the solubility of gas in iquid and pressure 15 given by
Henry's law in the form of mathematical relationship p=K g a

Dissolation of glncose in water can be explained by:

{a) Hydrogen bond (b} ion-lon interaction

(¢} wander Waals' force {d) ion- dipole inferaction

Solubility of KCl in water increases with the rise in temperature. This means
that enthalpy of dissolution of KClin water:

(a) =0 {b) <{

{c} =0 id) unpredictable

The value of K, for N, gas in water ot 298K is 86,76k bar, the value of K, for N,
inwater at 303K in kbaris:

{a B86.76 () =86.706

(¢} <86.76 (d) unpredictable

Read the passage given below and answer the questions that follow:

Many biological processes depend on osmaosis. which is a spontaneous process by
which the solvent molecules pass through a semi permeable membrane from &
solution of lower concentration to a solution of higher concentration. The name
osmosis 1s derived from the Greek word ‘osmosis’ which means 'to push’. It isalso

important to know that the semipermeable membrance selectivity allows cerlain



(A)

(B}

(€)

(1)
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molecules in the solution to pass through it but not others. Two solutions

having same osmotic pressure al a given temperature are called isotonic

solutions. When such solutions are separaied by a semipermezble membrane,

solvent flow between one to the other one in either direction is same, i.e. the net

solvent flow between the twoisotonic solution is zero.

In the following questions a statement of assertion followed by a statement or

reason is given, Choose the comrect answer out of the following choices,

a) Assertion and reason both are correct statements and reason is correct
explanation for assertion,

b) Assertion and reason both are correct statements reason is not correct
explanation for assertion.

¢} Assertion iscomect statement but reason 1s wrong statement.

d)  Assertioniswrong stalement bulreason is correct stalement,

ASSERTION: Among all the colligative properties. osmotic pressure

measurement provides better method for determination of the molecular mass of

the solute.

REASON: Osmotic pressure measurement cannot be carried at room femperature,

ASSERTION: The osmotic pressure of 0.1 M urea solution is less than 0.1

M NaCl zolution,

REASON : Osmotic pressure is not a colligative property,

ASSERTION : The molecular mass of polymers cannol be caleulated using the

bailing point or freezing point method.

REASON : The boiling point methed for determining the molecular mass is used
for compounds stable at high temperature.

ASSERTION : The elevation in boiling point [or two isotonic solutions is same,
REASON : The boiling point depends upon concentration of solute.
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(A)

(B)

(€}

(D)

15:
22
29.

Read the passage given below and answer the guestions that follow:

The colligative property of a solution is a property that depends only on the number
of solute particles present, not on their identity. An ideal solution is a solution in
which all components obey Raoult's law (i.e., P,=x,P’,) throughout the
composition range. The wvapour pressure of a binary volatile mixture is
P=P"+P', - P")y.. The composition of the vapour is givem by Y, =x,P,’
Py HP,- Pyx, and Y,=1-Y,. The total vapour pressure of a mixture is
P=P,'P,/P,"HP,-P,")Y,. Azeotrope is a mixture that boils without change in
composition. In colligative properties. the elevation of boiling point is given by
AT, =k,m and the depression of freezing point by AT=km. During dissociation of
ionic electrolytes, the van't Hoff Tactor equals, i=H{n-1)a.

Dring association of electrolytes, i= I-f+n

Here @ and [} are the degrees of dissociation and association, respectively, of
electrolytes.

The vapour-phase compositions in two binary liguid mixtures follow:

{a) Boyle'slaw (b) Dalton's law

(¢) Raoult'slaw (d) Henry's law

The mole fraction of a soluteis 0.4, The relative lowering of vapour pressureis:
(a) 60% {b) 80%

{c) 40% (d) 20%

Which is not a colligative property?
{a) Elevationinboiling point (b} Boiling pomt
{¢) Depressioninfreezingpoint (d) Osmofic pressure

The most aceurate method for the measurement of molor mass is:

(a)} osmotic pressure i) chullioscopy
() cryoscopy {d) Raoult's law
ANSWERS

MULTIPLE CHOICE QUESTIONS

® 2 @ 3 @ 4 @ S5 (@ 6 () 7. (¢
(¢ 9 (&) 10. (@ 1L (&) 12. (&) 13 (b) 14, (a)
© 16 (d) 17. (@ 18 () 190 (&) 20. (d) 21 (e
(8) 23. () 24. (&) 25 (@ 26. (a) 27. () 28 (d)
{b)
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1. One 2. Azeotropicmixture 3. Reverse osmozis
4. Solate 5. Increase . Greater than
7. van' | Holl Tactor 8. Osmolic pressure 9. Edema

10 Association

ASSERTION REASON TYPE QUESTIONS

1.{a) 2. (a) 3. (d) 4. (c) 5. (a) 6. (d)
T.(a 8 (& 9 f(a) 10. {d) 1L (a)

ONE WORD ANSWERTYPE QUESTIONS

1. Mole fraction 2. X 3. 0

4, Molal elevationconstant 5. Kkegmeol' 6. Positive deviation
7. Greater B. Henry'slaw 9. Molality

10. Posilive 11. One 12, Negative deviation]
13. Anoxia 14, Desalination of sea water

15, Association

CASE STUDY BASED QUESTIONS:

1. (A) a (B) b (C} b

2. (A)e (B) ¢ (C) a (D) ¢
3. (A) ¢ (B) ¢ (€) b D) a
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UNIT TEST -1
CIHAPTER-2
SOLUTIONS
TIME ALLOWED:1 HR. MLM. 20
1. 250g [luoride is present in 1000 kg toothpaste sample, concentration of fuoride in
ppiis 1
{a) 250ppm (b}  Z3ppm
(¢) 2500 ppm (d) 4 ppm

2. Al a given temperature, the osmotic pressure of a concentrated solution of a
substance 1
{a} 1shigherthan that ofa dilute solution.
(b) 1slower that of a dilirte solution
{c} 1issame asthat ofa dilote solution

(d) cannotbe compared with osmaotic pressure of dilute solution.

Lad

The value of Henry's law constant K, is: |

{a) Greater for gases with higher solubility

(b) greater for gases with lower solubility

{c} constant forall gases

(d) notrelated with the solubility of gases

4. What type of deviation from Raoull's law is shown by the liquid mixture forming
mininum boiling azeotrope’? 1

5. Justity that relative lowering in vapour pressure is a colligative property. 1

6. Draw the graph berween vapour pressure and temperature and explain the elevation
in boiling point of a selvent in solution. 2

7. CCl, and water are immiscible whereas ethanol and water are miscible in all
proportions, Explain. 2

8. The graphical representation of vapour pressures of two component system as &

function of composition is given below. On the basis of graph answer the questions

that follow: 3
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]P”,. = = £
: r,

=4 o

5

&

T P,

A= poke fraction. — X,=0
X0 Xl

{i) Are the A-B interactions weaker. stronger or of the same magnitude as A-A
and B-B?

(it} Mame the tvpe of deviation from Raoult's law exhibited by this solution,

(iii) PredictthesignofA,, I for this system.

(iv) Pradictthe signof A 'V for this solution.

(v) Give oneexample of such a solution.

(vi} Whaltype olfazeotrope will this system Torm?

A solution containing 1.9¢ per 100 mL of KC| (molar mass=74.5 gmol '} is isotonic

with a solution containing 3g per 100 mL of urea (molar mass=60gmol '). Calculate

the degree of dissociation of KCl solution. Assume that both the solutions have

same temperature. 3

(i) Boiling point is not a colligative property but elevation in boiling point is a
colligative property. Comment. 5

(i) What happens when we place the red blood cell in distilled water?

(i11) State Raoult's law fora solution containing non-volatile solute.

{iv) Define Cryoscopic constant.
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UNIT TEST -2
CHAPTER-2
SOLUTION

TIME ALLOWED:1 HR. ML.M. 20
l. Which of the following i3 a dimensionless quantity: molarity. molality or mole

fraction? (1
2. N,and O, gases have K, values 76,48 kbar and 34.86 kbar respectively at 203 K

temperature. Which one of these will have more solubility in wate:? (1
3. Liquid "Y" has higher vapour pressure than liguid '. Which of them will have

higher boiling point? (1}
4. Mention the unit ofebulioscopic constant (molal elevation constant). (1)
5. What is the maximum value of van't Hoft factor (i) for Na,SO,. 101,07 (1
6, Define the term osmosis and osmotic pressure, What is the advantage of using

osmaotic pressure as compared 1o other colligative properties for the determination

of molar masses of solutes in solutions? (2)
7. Accouni for the following: {2)

{a) Aquatic species are more comfortable in winter than summer.

fb) Solution of acetone and CHCY, is not an ideal solution.
8  Define isotonic solutions. A 5% solution of cane sugar (Molar mass =342 g mol )

iz isotonic with 0.887% solution of urea. Find the molar mass ofurea, (3
9. Asolution containing & g of a substance in 100 g of diethyl ether boils at 36.86°C,

wheréas pure ether boils at 35.6°C. Determine the molar mass of the] solute. [For

diethyletherK,=2.02 K kgmol '] (3)
10.  {a) How will you determine the molecular mass from the relative lowering of

VHpOUT pressure’
{b) At 298 K. the vapour pressure of water is 23.75 mm Hg. Calculate the vapour
pressure at the same temiperature over 3% aqueous solution of wreaNIT,CONH,, (3)
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< Points to Remember >

Galvanic eells: A galvanic cell is a device in which chemical energy is converted
into electrical energy.e. . Daniell cell.

. Daniell cell consists of two beakers containing CuSQ, and ZnSO, solutions. A zine
rod is dipped into ZnS0, while a copper rod is dipped into CuS(0, sclution. In this
cell zinc reacts with copper (11) ions and produces metallic copper and zinc (11} ion
according 1o the reaction :

Zn(s)+ Cu"'(ag)—> Zn"(ag )+ Cu(s)

Electrons flow from anode to cathode in the external circuit. The solutions of two
beakers are connected by salt bridge.

Functions of salt bridge :

(i) Tt aliows the flow of current by completing the electrical circuit.

(ii) It maintaing electrical neutrality of the cell.

Electrode Potential

The potential difference that develops between the metal and its elecirolyte is
known as electrode potential.

(4} Oxidation potential: The tendency of an electrode to lose electrons or to get
oxidised is called oxidation potential. For example, M(s)—>M™ (ag)+ne

{b) Reduction potential: The tendency of an electrode to gain electrons or to get
reduced is called reduction potential. For example, M"(ag) +ne — M(s)
According to latest TUPAC convention, the hall reactions are always written as
reduction halfreaction and their potentials are represented by reduction potentials

K, =-E,

Cell potentinl of a cell

The potential difference between the wo electrodes of galvanic cell is called the

cell potential and is measured in volts.

Eﬁ-,u=Euwuu-lr -Bis

. Half cell potential or electrode potential of M™/M cannot measured directly
begause a half cell whether oxidation or reduction half cell cannot work on its own
we cannol determine the absolute electrode potential of an electrode. To solve this
problem. a reference clecirode standard hydrogen clectrode (SHE) or normal
hydrogen electrode (NHE) is used, its standard electrode potential (oxidation as
well as reduction ) is arbitrarily taken as zero.
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Electrochemical series or e.m.f. series

Arrangement of different electrodes in the order (increasing or decreasing) of their
standard electrode potentials.

Applications of the clectrochemical series:

. Tocompare the relative oxidising and reducing powers: substances with higher
reduction potentials are stronger oxidising agents.

2. Calculation of standard emf of electrochemical cell (E°,)) :

A ) £\

3. Comparison of the reactivity of metals: A metal with smaller reduction potential
hias & strong tendency to get oxidised and can displace metals having greater
reduction potential from the aqueous solution of their salis.

4. Topredict whether ametal displace hydrogen from acids : Metalshavinga
negative reduction potential value can displace hydrogen from agid.

5. To predict the spontaneity of a redox reaction: E_, should be positive. If eml
comes out o be negative, the direct reaction as given cannol take place, the reverse
reactionmay takes place,

Effect of opposing potential on the cell reaction
ConsideraDaniellcell:  Zn, 1 Zn™  [1Cu™ ICu

- When Subscript B, < LIV, Electrons flow from £n red to Co rod hence corrent
flows [rom Cu to Zn.

. When E_ = 1.1 V., flow of current in this case occurs from zine elecirode (o copper

electrode, the cell now electrolytic cell.
NERNSTEQUATION FOR SINGLE ELECTRODE
Forthe electrode reaction M (ag )+ ne —s M (s)
E;'l: In _[!".’14..'11_.
nf = MY
Congentration of pure solid [M] should be taken az unity

E,ry=Ela,, — 2303 RT 1o 1 (since log=2.303 log,,)
nF £ M7

Eirni Bt

ALZ98K

0,05 1
Erw=Eurm AL

log m
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Calculation of cell potential nusing Nernst Equation

_ 2,303RT log , [PRODUCTS]

oy "

T oF [REACTANTS] t2%8K
0059, log, [PRODUCTS]

BB 7 [REACTANTS]

EQUILIBRIUM CONSTANT (Kc) FROM NERNST EQUATION
E_— 2303RT log,K,

nF
0.059 log K, at298K
w2l n
GIBB'SENERGY CHANGEAND CELLPOTENTIAL
A G= -nFE,,
AG=-nFE",

— For cell reaction to be spontancous, AG” must be negative, the value of E',

must be positive.
FREE ENERGY CHANGEAND EQUILIBRIUM CONSTANT

AG'=-2303RT log, K.
CONDUCTORS: Substances that allow the flow ol electric current through them are
called electrical conductors .
Metallic/ electronic Conductor
. Flow of electricity due to movement of electrons
. Mo chemical change as there 1s no transfer of matter,
. Faraday's law s not followed
. Conduction decreases with temperature because kernels start vibrating. {aster
which interfere in the flow ol electrons.
Elecirolytic conductor
. Flow of electricity due to movement ofions
. Ions are oxidised or reduced at the electrodes, hence involve transfer of matter .
. Faraday’s law iz followed
. Conduction increase with temperature becavse dissociation inereases and viscosity

decreases
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FACTORAFFECTING ELECTROLYTIC CONDUCTANCE

1. Interionic interactions: Greater the interionic interactions lesser is the mobility of
the ions, hence lesserwill be conductance.

2. Solvation of ions: More the solvation of the tons, the lesser will be the electrical
conductivity,

3. Viscosity of the solvent: Higher the viscosity of the solvent, lesser is the mobility
of ions.

4. Temperature: As the temperature of the electrolytic solution is increased, the
kinetic energy of the ions in the solution increases, hence their mobility increases.
Thisresults in the increase of electrical conductance of'the electrolytic solution.

5.  Effeet of concentration of solution: More the concentration of electrolyiic
solutionsmaller will be its electrical conductivity,
= Wealk electrolyte ionise to a lesser extent in concentrated solution; on dilution

ionisation increagses which causes increage in conduectivity.
= Strong electrolyte ionise completely, On dilution interionic attraction
decreases, so mobility of ions increases, consequently conductance increases.

Electrolytic conduction

Resistance (R) : Ameasure of obstruction in the flow of current. Unit; ol (€2)

| !
R Y R=p e

p, constant of proportionality, known ag speeific resistance or resistivity.
Resistivity or specific resistance (p) :
p=R %
Resistivity may be defined as the resistance offered by the conductor of 1 m length with
area of cross section equalto lm”*
Unit : ohm. mor £.m
Conductance (G): Conductance i3 a measure of the ease with which cumrent flows
through the conductor. Itis reciprocal of electrical resistance.

G=1/R

Units: ohm ' or Q' i.2., Siemen (8). 18=1Q"
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Specific conductance or conductivity (k): conduetivity is the reciprocal of resistivity.

k=lp=L.1 , Vais knownas cell constant (G*)
Ra

k=0, G*ie 1 Conductivity=Conductance x cell constant |
it oF k= ohri e dr Stuniis are.ohnr mor Sn® “
. Molar conductivity (A, ) - of a selution is the conductance of all the ions
produced from one mole of the electrolyte dissolved in a given volume of the
solution when the electrodes are one cm apart and the area of the electrodes is so
large thai the whole of the solution is contammed between them.
A =xx 1000/Molarity , Unit: ohm‘cm’ mol” (Sem’mo!™), Slunit=Sm'mol™

. Effect of dilution. Conductance increases (because total no. of 1ons increase).

conductivity decreases (because no. of ions per unit volume decreases). molar
conductivity increase with dilution,

¢ Variation of molar conductivity with concentration, For a strong electrolyie, itis
given by Debye - Huckel - Onsager equation: A= A", - Ave where A is a
constant depending upon the nature of the solvent and temperature. A°, is
limiting molar conductivity and it is defined as the molar conductivity of
clectrolyte when concentration appproaches zero i.e. atinfinite dilution,

Graphical representation of the variation of A vs v

400-
=
=
£ 200-
£ A
ﬂl:
b
0 0.2 0.4

.c“z{muHL] 2
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It can be seen that if we plot A, against ¢, we obtain a straight line with intercept
equalto A" m and slope equalto - 4",

Reasons forinerease of A with dilotion.

. (Molar conductivity of & strong electrolyte increases with dilution because
interionic aftractions decrease with dilution, Small deviations at higher
conceniration are due to large inlerionic attractions. )

. {Molar conductivity of a weak electrolyte increases with dilution because
dissociation increases with dilution.)

Inability to determine limiting molar conductivity experimentally for a weak

clectrolyte. Molar conductivity at infinite dilution for a strong electrolyte can be found by

extrapolation (0 zero concentration but that o'weak elecirolyte cannot be thus found,

KOHLRAUSCHLAW OF INDEPENDENTMIGRATION OFTONS

The law states that limiting molar conductivity of an electrolyte can be represented as the

sum of the individual contributions of the anion and cation of'the electrolyie.

Fore.g. AlL{50,), A JAL(SO,).]=2A" (Al +34° (50.5)

Applications of Kohlransch's Law

a)  Incaleulationoflimiting molar conductivity of weak electrolyte

b)  Incaleulation of degree of dissociation, i.e.,u=A /A",

¢}  Incalculation of dissociation constant (K ) by using value ofa, K=co’/ 1-a
ELECTROLXYTIC CELLS : The device in which conversion of electrical energy into
chemical energy 1s done is known as electrolytic cell.

PRODUCTS OF ELECTROLYSIS: If an clectrolytc solution consists of more than
two ions then during electrolysis all the ions are not discharged simultaneously but certain
ions are liberated at the electrode in preference to the others. This is based on the principle
of preferential discharged theory which states that the ion which requires least energy is
discharged first.
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Batteries and Fuel Cells :

Batteries are classified as two types:

Primary: use oxidation-reduction reactions that cannot be reversed very sasily
Secondary : reactions of these batteries can be reversed (rechargeable
batteries)

Primary Cells :

(iYDrycell :

Anode(-) Zn{s)—Zn"+2e

Cathode(+) 2MnO, , + 2NH," + 26  — Mn,0, + 2NH, + HLO

(i) Mercury Cell :

Anode(-) Zn(Hg) +20H —= Zn0+ ILO + 2e
Cathode(+) HgO+H,0+2e —Hg+20H

Overall reaction —Zn + HgO — Zn0 + Hg

Secondary Cells :

(i)Lead storage hattery

Anode(-) Pb(s) + SO, — PbS0O+ 2¢

Cathode(+) PhO,(s) +4H+ SO + 2e — PbSO, +2H,0

Cell reaction- Pb(s)+ PhO,(s+ 2H,S0, — 2PbS0O,+2 H,0

On recharging cell reaction is reversed.

{11)Nickel — Cadminm cell,

Anode (5) Cd+ 20H — Cd(OH), +2¢

Cathode (+) NiQO{OH) + H,0 + e —~Ni{OH), + OH

Cell reaction — Cd(s) + 2Ni(OH),(s) —~ CdO(s) + 2Ni{OH),(s) + H,0,,
Cell reaction i reversed on recharging.

FUEL CELLS :

It is an electrochemical device used to convert free encigy of a chemical
reaction to electrical energy. Fuel used are in gaseous state(H,.CH,.CO etc)
e H,- 0, fuel cell.
Reactions are

Anode (-) 2[H, + 20H
Cathode(+) O, + 2 H,O +4e — 40H
Cell reaction 2 H,, +0,, =2 H,0,
Advantages

1) Efficient than any conventional source,

2) No pollution.

3) Electrodes are not affected

CORROSION : Tt involves the slow destruciion of a metal as a result of its
reaction with moisture and gases present in atmosphere. More reactive
metals corrode more easily. Corrosion of Irom is called rusting.

—2H,0,.+2¢ ]

1Ak
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Mechnism of Rusting
Electrochemical theory of rusting :
Impure surface of iron act as an electrachenicalicell. Pure Iron act as anode and
impure iron a3 cathode. Carbonic acid act as the electrolyte(It provide H ion).
(H,0+ CO, —H.CO, = 2H'+C0,"
Setting up ofElectrochemical cell on Iron sucface
(ii) Fe(s) —> Fe"' +2¢ (Anode) E°=—0.44V
(i) O, +4H' — 2H,0(Cathode) E°=+1.23V

2Fe(s)+0,+4H —2Fe"+2H,0 E_,=1.67V
Cathede is further oxidised by stmospheric oxygen to form rust. Fe,0;a TLO
(iv)4Fe+ O, +4H,0 — 2 Fe,0,+ 8T

Fe,0,+xH,0—Fe.0.xH,0 (Rust)
Prevention of corrosion :

1) Barrier protection — By coating with a suitable material —paint, oil,
grease ete

2) Saerificial protection — Coating with a more reactive metal. The process of
coaling the surface of iron with Zinc i8 called Galvanization. More reactive
ragtal act as anode.

3) Alloying with metals that form oxide coats.

4) Antirust solutions — Allcaline phosphate or chromate solutions are applied
on iron surface to form a heat resistant iron phosphate or chromate coating
which prevent corrosion.

4) Cathodic protection - Here metal (o be profected is set as cathode by
attaching 4 more reactive metal to it. Now the more reactive metal undergo
oxidation. forex. Zn, Al or Mg can be used for cathodic protection.
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OBJECTIVE TYPE QUESTIONS
MULTIPFLE CHOICE QUESTIONS

The potential of a lywdrogen electrode at pH=101s !

(a) 0.591V (b) 0.00V

{c) -0.591V (d) -0.059V

How many coulomb are required for the oxidation of | mol of H,O, to 0,7
(a) 9.65x10'C (b) 93000

(¢} 1.93x10°C (d) 19.3x10°C

KClis used in salt bridge because:

(a) Itformsagood jelly with agar -agar

(b) Ttisastrongelectrolvte

(¢} Itisagoodconductorofelectiicity

(d) Migration factor of K' and Cl ions are almost equal

For a spontancous reaction the AG. equilibrium constant (K) and E'cell will be

respectively.

{a) -ve.= L - ve (b) -ve, = 1, - ve
{¢) -ve.> 1.+ ve {dy +ve. = 1. - ve
If azalt bridge is removed between the halfcells. the voltage:

(a) dropstozero (b} doesnotchange
{¢) increase gradually (d) increasesrapidly
The process in which chemical change occurs on passing elgetricity is termed ;
{#) lonisation () neutralisation

{¢) electrolysis (d} hydrolysis

The charge required for the reduction of 1 mol of MnO, to MnO, is:
{a} IF {b) 3F

() SF (d) 4F

The value of A, for NH,CL NaOH and NaCl are 129.8, 248.1 and 126.4
Ohm''em’ mol ‘respectively. Calculate A" for NH,OH solution.

{a) 215.50hm em’ mo]’ {b) 251.50hm"em’ mol’

(¢) 2447 Ohm'cm’ mol” (dy 351.50hm"cnn’ mol”
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14.
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17.

18,

In a Galvanic cell the electncal work done is equal to

{a) Freeenergychange (b) mechanical work done
(e} thermodynamic work done {d) all ofthe above
Zncannot displace following ions from their aqueous solution

(a) A" (b) Cu”

{c) Fe" {d) Na'

Eiectrical work done is equal to;

(a) -nFE', (b) nFE',

(©) "Bl {(d) Noneofthese
Which are not the following decrease with increase in concentration”
(#) Conductance (b) Molar conductance
(¢} Conductivity (d) Allofthe above

The standard electrode potential values of three metallic cations, X, Y, Z are

0.52,-3.03 and -1.18V, respectively. The order of reducing power of the

corresponding metals is

(a) Y=Z=X (b) X>Y=Z

(¢} Z>¥>X (d) Z=X=Y

How is elctrical conductance of a conductor related with length and area of cross

section ol the conductor?

(a) G=kla' (b) G=lak'

(c) G=kal (d) G=k.la’

What will happen during the electrolysiz of aqueous solution of CuSO, in the

presence of Cuelectrodes?

{a) Copper will deposil af cathode. (b} Copperwill dissolve atanode,

(e} Oxygenwill bereleased at anode. {d) Copperwill depositatanode.

The cell constant of a conductivity cell .

(a) changeswithchange ofelectrolyte.  (b) changes with change of
concentration ofelegtrolyie.

{e} changes with femperature of electrolyte. (d) remains constant foracell.

An electrochemical cell can behave like an electrolytic cell when

{a)y E_~=0 {b) En=E,

(o) E.»E, (d) E, =E,_,

Which of the following statement is not correct about an inert electrode ina czll?

{a) Itdoesnotparticipate inthe cell reaction.

{(h) Iiprovides surface either for oxidation or for reduction reaction.

(e} [Itprovidessurface for conduction of electrons.

{d) Ttprovidessurface forredox reaction.
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The difference between the electrode potentials of two electrodes when no current
is drawn through the cell iscalled

{a) Cell potential

(b) Cellemf

{c) Potential difference

(d) Cellvoltage

The positive value of the standard electrode potential of Cu™* /Cu indicates that ;

(1) thisredox coupleis astrongerreducing agent than the H' /H, coupl e,

(b) thisredox couple is a stronger oxidising agent than H' /H,,

{¢) Cucandisplace H,fromacid,

{d) Cucannotdisplace H, from acid.

FILL IN TIE BLANKS:

The eonductance of a solution placed between two opposite faces of a centimetre
cubeiscalled........ R .

Strong electrolytes give almost a inearplotof A, versus.....covveriiniinn. .

In a galvanic cell, the electrons flow from ..o i+ SRR through
connecting wire,

The unit of resISHVITY I8 .o i ninninnins =

For the spontaneous cell reaction, E"should be.....oooveerenvenc. -

Conductivity of an electrolvtic solution........ocvvvmens with inerease in dilution,

The unit of cell comstanl 15, everinniseimnns

An aqueons solution of coppermitrate..............n be stored iniron vessel,
Protection ofiron by coating with zinciscalled ..o
Todeposittwomol of Cafrom CaCl..ooiii electricity is required .

Both assertion and reason are correct staternents, and reason 15 the correct
explanation ol the assertion.

Both assertion and reason are correct siatements, but reason is not the correct
explanation of the assertion.

Agsertion is correct, but reason is wrong statement.

Assertion is wrong, but reason i5 correct statement.
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Assertion: When aqueous sodium chloride solution is elecirolysed, Oxyien gas is
produced at the anode.

Reason : [tis due to the overpotential for exidation of water to oxyzen,

Assertion: Molar conductivity of an electrolyte increases with decrease in
concentration.

Reason: The mobility ofions decrease with increase in conceniration.

Assertion: Reduction of | male of Cu'"ions require 2 faraday of charie.

Reason: 1 Faraday is equal to the charge of 1 mole of electrons,

Assertion: Lechlanche cell gives constant voltage throughout its life,

Reason: The overall reaction of button cell does not involve any ion in solution
whose concentration can change during its life time.

Assertion: Coaling iron with zine prevents rusting,

Reason: The coating ofzine prevents moist air 10 come in confact with the metal,
Assertion: More negative the electrode potential greater is the power to acl as
oxidising agent .

Reason: As the electrode potential becomes more negative there is greater
tendency to undergo oxidation.

Assertion: Secondary cells are cells which can be recharged alier use.

Reason: The products are electrolysed baclk to the initial reactants during recharge
of the cell,

Assertion : Kohlrausch law helps to find the molar conductivity of weak electrolyte
at infinite dilution.

Reason ! Molar conductivity of a weal electrolyte at infinite dilution cannot be
determined experimentally.

Assertion : Fluonne s the best oxadizing agent.

Reason : Fluorine has highest reduction potential.

Assertion: A, for weak electrolytes shows a sharp increase when the electrolyte
solution is diluted.

Reason: For weak electrolytes degree of dissociation increases with dilution of

solution.
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ONE WORDANSWER TYPE QUESTIONS

Howmuch charge in Faraday 1s required for the reduction of 1 mol Al to AL?
What is the effect of increase of temperature on ionic conductance?

What flows in the internal circuit of a Galvamic cell?

Name of the reference electrode in determining the standard electrode potential.

1] .
CanFE’_, for acell reaction ever be equal to zero?

vall

Name the quantity which is reciprocal of resistivity.

How will pH of brine {aqueous NaCl solution) be affected when it is electrolysed?
What is the name given to the constant quantity of charge carried by one mole
electrons?

Name of reference electrode used for determination of E' instead o NHE/SHE.,

What is the effect of presence of salt m water on the rate of rusting of'iron?

Name the type of cell which was used in Apollo Space Programme for providing
electrical power.

Under what conditionis E_;, =00t AG=0?

How is equilibrium constant of a reaction related to standard cefl patential?
Mention the direction of flow ofelectrons in the following cell:

Zn,| Zn" I AR | AR,

A galvanic gell has electrical potential of 1.1 V. Ifan opposing potential of 1.1 Vis

applied to this cell. What will happen to the cell reaction and current flowing
through the cell 7
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VERY SHORT ANSWER TYPE QUESTTONS (1 Mark Questions)

Q. 1. Why is it nol possible to measure single electrode polential ?

Ans. Because the half cell conmaining single electrode cannot work independently. as
charge cannot flow on its own ina single electrode,
Q). 2. Name the factors on which emf of a cell depends.
Ans. Emfofa cell depends on following factors
{a) Mature ol reaclants
(b) Concentration of solution in two half cells
(c) Temperanue
Q. 3. What is the effect of temperature on the electrical conductance of metal ?
Ans. Temperature increases. electiical conductance decreases.
). 4. What is the effect of temperature on the electrical conductance of electiolyte ?
Ans. Temperature increases, elecinical conductance increases,
(). 5. What is the relation between conductance and conductivity ?
Ans. AY = .4
C
Q. 6. Reduction potentials of 4 metals A, B, C and D are — 1.66 V, + 0,34 V, + 0.80
V and — 0.76 V. What is the order of their reducing power and reactivity ?
Ans. A>D=B=C
Q.7. Why doe¢s a dry cellbecome dead evenif it has not been used for along time?
Ans, NH,Clis acidic in nature. It corrodes zinc container
.5, Why Na cannol be obtlained by the electrolvsis of agqueous NaCl solulion ?
Ans. Due to low reduction potential. Na' 1ons are not reduced at cathode. Instead, H'
are reduced and H, is ebtained.
.9, What is the use of platinum foil in the hydrogen electrode ?
Ams. It is used for the in and out How of electrons.

Q.10. Why A ° for CH,COOH cannot be determined experimentally ?

Ans. Molar conductivity of weak electrolytes keeps on increasing with dilution and

does not become constant even at very large dilution.

Q.11. Why is it necessary to use a salt bridge in a galvanic cell”?
Ans. Tocomplete the inner circuit and to maintain electrical neutrality of the electrolytic

solutions of the halfcells.
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Q.12. Why does mercury cell gives a constant voltage throughout its life?
Ans. Thisis because the overall cell reaction does not have any jonic concentration in it

Q.13. Whatis therole of ZnCl,in a dry cell ?
Ans. ZnCl, combines with the NH, produced to form a complex salt [Zn{NT,),]JC1,.

().14. Why does the conductivity of a solution decrease with dilution 7

Ans. Conductivity of a solution 1s dependent on the number of 1ons per unit volune.
On dilution. the number of 1ons per unit volume decreases. hence the conductiviry
decreases.

().15, Suggest two materials other than hydrogen that can be used as fuels in fuel
cells,
Ans. Methane and methanol.

0Q.16. How does the pH of Ag-NaCl solution be affected when it is electrolysed ?
Ansg. When Ag-NaCl solution is electrolvsed . H, is liberated at cathode. CL, at anode and
NaOH is formed inthe solution. Hence pH of solution increase.

.17. Which reference electrode is nsed to measure the electrode potential of other
electrodes?

Ans. Standard hydrogen electrode (SHE) whose electrode potential is taken as zero,
().18. Out of zinc and tin, which one protects ivon better even after cvacks and why ?

Ans. Zine protects beller because oxidation potential of zine is greater but that ol tin 15
less than that of iron.

(.19, Define corrosion. What is the chemical formula of rust ?

Ans. Corrosion is the slow eating away of the surface of the metal due (o atfack of
atmospheric gases. Fe,0,. xH,0

20.  Whatis the elecirolyte usedin a dry cell?

Ans, Apasteof NH,CI

21. Howmuch electricity is required in Coulomb for the oxidation of 1 mole
of FeO to e, 0, 7

Ans. Fe'—=Fe'+e'
So.1F=1F x 96500C =96500C

22. Two metals A and B have reduction potential values - 0.76 V and +0.34V

respectively, Which of these will liberate IL from dil. HL,50, 7

Ans, Metal having higher oxidation potential will liberate H, from I8, Thus. A will
liberate H, from H,S0, .

23,  Howdoes conc. of sulphuric acid change in lead storage battery when carrent
is drawn fromit ?

Ans, Concentration of sulphuric acid decreases.

24, Whyisalternating current used for measuring resistance of an electrolytic
solation ?

Ans. Thealternating current is used to prevent electrolysis so that the concentration of
ions in the solution remains constant,
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Q.25. E"values of MnO,, Ce" and Cl, are 1,507, 1.61 and 1.358 V respectively.

Ans.

26.

Ans,

27,

Aris.

Arrange these inorder of increasing strength as oxidizing agent,
ClL,=MnQ,<Ce"
Explain Kohlravsch's law of independent migration of ions.
It states that atinfinite dilution , molar conduclivity ol an electrolyte is equal to sum
of contributions due to cation as well as anion.
A =iN+ A,
Give products of electolysis of an equeous solution of AgNO, with silver
electrode.
Alanode: Ap,. JAgate
Atcathode: Agiote —Ag,



Ans,

Q.3.

Ans,
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SHORT ANSWER TYPE QUESTIONS (2 or 3 Marks)

. How can you increase the reduction potential of an electrode for the reaction :

M*® (aq) + ne” — M (s)

Nernst equation is ;

E

MM at 208k

-]
=Ejpy 00591, |

14

n

E i can be increased by

{a) Increase in concentration of M™ 1ons in solution.

(k) By increasing the temperarre.

. Calculate emf of the following cell at 298 K :

Mg (s) + 2Ag" (0.0001M) — Mz* (0.130 AL) + 2Ag (s)
'The Nemst equation for the cell 15: [Given : E*_, =3.17 V]

b
o G'nglng [Mz ]

5
3

il et 2 L Ag' J

0.059 130
=X17= log

2 (0001)

=317-021=296V

Sugpest away to determine the »”_value of water
AT (ILOEA® (HN+A?, (OH)

It can be determine from the value of

A" AHCT), A7 (NaOH)}A" (NaCl). then,

A HOFEA (HOD+A" (NaOH J-n" [(NaCl)

Q. 4. How much electricity in term of Faraday is required to produce 40 gram of

Ans.

Al from AL O, ? (Atomic mass of Al =27 g/mol)

A" +3e" — Al

27 gram of Al require eleciricity = 3F

3F
40 gram of Al require electricity = — X400 =444 F
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Q5. Predict the product of electrolysis of an equeaus solution of CuCl, with an
imeri electrode.
Ans. CuCly(s)+aq —»Cu” +2Cl
H,0—H+0H
Atcathode (Reduction): Cu”" will be reduced inpreference to H' ions,
Cu’" +2e—Cu(s)
Atanode (Oxadation): Cl will be reduced in preference to OH- ions.
Cl—1/2CL+1e

Q.6. Calculate J‘..:" for CaCl, and MgSO, from the following data :
A’ (Ca™=119.0,Sem” mol”, Mg"*=106.0, CI' = 76.3 and 50, =
160.08¢m’ mol”

Aai) =Ny + Eﬁ;{cr, =119+ (2% 76.3) =271.6 S cor’ mol!

L] "

Awirizso = Mgy * Aufsor) =106+ 160 =266'S e’ mol!
Q. 7. Calculate the potential of hydrogen electrode in contact with a solution whose
pH is 10.
Ans, H +& — %H: n=1
.0591 l
E=E% log
n [H ; ]
0.05491
=0- l » pH

E==0.059]1 = 10v
E=-0391V

Q. 8. If a current of 0.5 amp Aows through a metallic wire for 2 hours, how many
electrons wounld fow through the wire ?

Ans. g=1x1=05x2x6lx60=3600C
96500 Coulombs are equal to 6.022 x 107

6.022 % 10~
So. 3600 Coulombs = ——
DS

%3600 = 2246 x 102 electrons
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(Q.9. Calculate the electrode potential of a copper wire dipped in 0.1M CuSQ,
solution at 25"C. The standard electrode potential of copper is 0.34 Volt.

Ans. The electrode reaction written as reduction potential is
Cu+2& —=Co n=2

a (.0591 1 0.054%] 1

=E log luga:ﬂjlm v

E'L'u"'.-'{_u cu™ o 3 [ Cuil]

Q.10. The conductivity of a 0.20M solution of KCI at 298K is 0.0248 S cm.
Calculate malar conduetiviry.

" 1 E 1
Amns. Molar conductivity = fddi) = ER IRy IDEI[[I e
M 0.2 mol L

=124.0 5 cm’ mol”!
Q.11. Define conductivity and molar conductivity for a solution of an electrolyte.
Ans, Conductivity is defined as case with which current flows through electrolyte. It is
reciprocal of specific resistance. Molar conductivity is conductance of all the 1ons
produced by one mole of electrolyte when electrodes are at unit distance apart and
have sufficientarea of cross-zsection to hold electrolyie.
(0.12. The resistance of a conductivity cell containing 0.001M KCI solution at 298

K is 1500 £2. Whalt is the cell constant if conductivity of 0.001M KC1 solution
at 298 K is 0.146 = 107 S ¢cm™' ?

Ans, Cell constamt = kxR
=146 = 107 x 1500
=219 cm’?

Q.13. Indicate the reaction which take place at cathode and anode in fuel cell.
Ans.  Atcathode: O,(gH+21L04e — 40H (aq)

Atanode: 2H,(g) +40H (aq) — 4LLO+4e

The overall reaction is : 2T, (g) +O,(g) —* 2TLO(/)

().14. The standard reduction potential for the Zn* (aq)/Zn (s) half cell is — 0.76V.

Write the reactions occurring at the electrodes when coupled with standard
hydrogen elecirode (SHE).

Ans. Atanode ; Zn (5) — Zo* (aqg) + 2
At cathode - 2H +2e = H, ()
Zn (5)+ IH (2q) — Zn™ (aq) + H, (g)
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0.15. What typc of a battery is lead storage cell ? Write the anode and cathodce
reaction and overall reaction occuring in a lead storage battery during discharging
and recharging cell.
Ans.  Itisasecondary cell,
Anode reaction: Ph 50, PhSO,+2e
Cathede reaction: PbO,+4H" +50," +2¢ — PbSO+2H,0
Fbz}+PbO,(s)+211,50 z:,}""ﬁ—-EPhSD@ + 2101

Q.16. Drawagraph between A'm and \C for strong and wealk electrolyte.

NC—*
.17, Predict the products of electrolysisin each of the following:
{a) Anaqueous solution of AgNO, with platinum electrodes.
(bvy An aqueous solution of Cu Cl, with Prelectrodes.
Ans. (a) At Anode (Oxidation)
40H - d4e — 2H 0+HD,
Atcathode (Reduction)
Ag+e — Agls)
(b Al anode (Oxidation)
Cl — 4l +e
BCHCl-—- 1,
Ateathode (Reduction)
Cu"™+2e —Cu(s)
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.18, Determine the values of equilibrium constant K and AG? for the following
Teaction :

Ni(s) + 2Ag (aq) — Ni*' (ag) + 2A9 (5) EF =105V
Ans. AG* =—nFE° |
n=2FE_,=105V
F = 96500 C mol*
AGY = —2 % 1.05 % 96300
=-202.650 k]
AG? =-RTInEK,

AGY 202650 %107

MK = T T T 8314x298

K, =332x10%

Q.19. The K_ for AgCl at 298 K is 1.0 « 10r%, Calcnlate the electrode potential for

Ag'/Ag electrode immersed in 1.0M KCl solution. Given E°Ag’/Ag=0.80 V.
Ans. AgCl(s) = Ag +Cl
K, = [AgT][CT]

[C1] =1.0M
K 110"
[Ag] === =1x%10%M
[ CI'J 1
Mow. A +e — Ag(s)
0.059 1 0.059 1
E=E- log = 0.80———log——
I [ Ag” ] I 10

=080-0059x 10=021V
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Q.20. Estimate the minimum potential difference needed to reduce ALO, at 500°C.
The free energy change for the decomposition reaction :

E—M!ﬂ] -3 iM +0,1s AG - + 960 kJ, F - 96500 C mol?.

s -

2 4
Ans. ;mlﬂj —};&J+01

AG =-nFE

AG =960 x 1F I, n=4, F=96500 C mol*
960 x 1P =—4 x 96500 = E
E =-2487V

Minimum potential difference needed to reduce ALO, =- 2487 V.

Q.21. Two electrolytic cells containing silver nitrate solution and copper sulphate
solution are connected in series. A steady current of 2.5 amp was passed through
them till 1.078 g of Az were deposited . How long did the current flow 7 What weight
of copper will be deposited ? (Ag=107.8n, Cu=§3.5u)

Ans, W=rxi Xt

W

=Zzxi
1 O78=1=86500
= Teas 386 Seconds
Cu'"+2e —Cu
635 P
W= 306500 x 2.5%386= 03175 gram

0.22. A solution of Ni (NO.}, is ¢lectrolysed between platinum elecirodes using a
carrent of 5.0 amp for 20 minutes . What mass of the nickle will be deposited at the
cathode ? (Ni=58.Tu)
Ans. W=zxixt

387
2x 96300
w= 1823 gram

Zz=
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(0.23. The cell in which the following reaction occurs :
2Fe™ (aq) + 2T (aq) — 2Fe” (aq)+ L (s) has E*  =0.236 V.

Calculate the standard Gibbs energy and the equilibrinm constant of the cell
reaction.

AS. n=2
AG® = —nFE"  =—2 % 96500 x 0.236 J = — 45,55 kl/mol

AG*=-2303 Rl log K _

AG® 45.55x10°
logK, = - =7.983
2303RT  2.303x8.314x298
K =antilog (7.983) = 9.616 x 10

Q.24. T'he molar conductivity of 0.025 mol L ! methanoic acid is 46.1 S cm® mol’.
Calculate its degree of dissociation and dissociation constant. Given A" (H)
=349.6 S em* mol ', A" (HCOO ) =54.6 S cm® mol ',

Auns, A (HCOOH) = A® (II) + A®, (HICOOr)
=349 6+ 34.6 5 cn' mol' = 4042 § cm’ mol’
A" =461 5 cm’ mol!

HCOOH = HCOO +H™

AP 46.1
=B = =114

A 404.2

L

HCOOH = HCOO + H

Imitial conc. Cmoll™ 0 0
Al equil. Cil — o) Cit Cu

ca®  0.025x(0.114)

=
ol-a 1—-0.114

=3.67x 107
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.25, Calculate the standard eell potentials of galvanic cells in which the fellowing
reaction tuke place:

2Cr (5)+3Cd " (ag) — 20" (aq)+3Cd(s)
Also caleulate AG" and equilibrium constant of the reaction.

Ans. En““: Eﬂmm‘ E'#:--m

=0.40-(-0.74)=0.34V

AG"=-nFE’ = -6x96500x0.34=-196860
=-196860 jmol"' =-196.86k]/mol

-AG'=2.303XRT log K,

196860=2.303 X 8.314 X298 log K,

or

log K =34.5014

K_=antilog 34.5014=3.193 X 10™

.26, Calculate the potential of the following ce
S (15 M) + Zn — Sn™ (0.5) + Zn* M),

Given :E'Sn = 0.13V, K"

o = —L.76Y

Znl*iZn

Will the cell potential increase or decrease, if the concentration of Sn* is increased?

Ans. L =Ea""_u.[}5g]l [:_:'nzl:l_[zn;"]

o [sn" Jlza]

0.0591, 0.5%2 .
- 0.89 gz _oge— 1 _osesv
2 1.5%1 1.5

On increasing the concentration of Sn**, EMF of the cell will increase.

(.27, E* (Cu* /Cu) and E° (Ag'/Ag) is + 0.337 V and + 0.799 V respectively. Make a
cell whose EMF is +ve. If the concentration of Cu™ is 0.01M and E_ at 25°C
is zero, calculate the concentration of Ag'.

Ans. Cuis more reactive than silver, so that the cell is as CulCu™ {(0.01M) | A {C)lAg
or cell reaction



Electrochemistry | 57

Cu—2Ag" — Cu™ —24p

aoser | cu™ [[agf
levg = <

cedl “pall ¥ -
n |cu |[Ag |
0.0s91, (0.01)x1’
el IDE - 2
= 3
1] Ag ]
Or [Ag'] =147x 10" M

Q.28. Calculate the potential of the cell at 298 K :
Cd | Cd™ (0.1M) 11 EC (0.2M) | Pt H, (0.5 atm)
Given E® for Cd**/Cd - - 0.403 V, R - 8314 J' mol?, F - 96500 C mol™.
Ans. The cell reaction is Cd ~ 2H' {0.2M) — Cd*> (0.1M) + H, (0.5 amm)
E° , =0-[0403)=+0403V

3 [ca®|xm,
oapy 2 RRT . ] i

P Eo [ca][1 ]

0.403 2303x 8314 = 298 o 0.1x03

2 % 96500 . (02 ]"

E., = 0.403 - 0.003=040V

.29, The electrical resistance of a column of 0.05M NaOH solution of diamefter 1
cm and length 50 cm is 5.55 » 10° ohm. Calenlate its vesistivity, conductivity
and molar conductivity.

Ans. Diameter = 1 cm. radins = (0.5 cm
Area =nr=314x= 0.5y = 0785 cor
_ RxA  555x10°x0.785

i - =87.135 olun cmm
] 50

Conductivity (k) = —= ~0.01148 ohm ™' em™' = 0.01148 ohm cm
o

87135

k1000 0.01148x1000
M 0.05

Molar conductivity A= =29.6 5 an’ mol™
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Q.30.

Ans.

Name the cell which:

(a)
(b)
(c)
(d)
(a)
{b)
(c)
(d)

was used in Apollo Space programme.

is used in automobiles and inverters.

is suitablefor hearing aids and watches.

does not give a steady potential and is used in transistors.
Fuel cell

Lead storage cell

Mercury cell

Dryeell
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LONG ANSWER TYPE QUESTIONS (5 Marks)

(). 1. Conductivity of 0.00241M acetic acid is 7.896 « 10° S ecm™. Calculate its
molar conductivity and if A° for acetic acid is 390.5 S cm® mol?, what is its
dissociation constant ?
~ kx1000
M

Ans.

= —i} g e |
_ TEGx107 Scm = 1000 em™ L ~32.76 S cm’ mol?

0.00241 mol L™
A, 3276 _
oo = _ﬂ"u. 3005 = 8:39% 10°
2 004)241:.:[3 39107 )3
eS8 ' — 1.86 % 10

l—a 1-8.39%107

0).2. Three elecirolytic cells A, B, C containing solution of ZnS0,, AgNO, and
CuS0, respectively all connected in series. A Steady current of 1.5 amperes
was passed through then until 1.45g of silver deposited at the cathode of cell
B How long did the current flow? What mass of copper and of zine were
deposited ?

Ans. 108 gofsilverisdeposited by Ag"+e — Ag,, i896500C.

1.45 gsilver is deposited by = iﬁi%}{g_l_i& =1295.6C
Q=1Ix
1295.6 =1.5x1
t= 12195:’5 ~863s

Tacell A, the electrode reaction is
In"+2e —Zn
2F of electricity deposit Zn=653 g
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Incell A, the electrode reaction is
I +2e — Zn
2F of electricity deposit Zn—=63.3¢g
1295 6 of clectricity deposit Zn=65.3%1295.6
2=96500
=0 438 ¢
[ncell T, the electrode reaction is
Cu"+2e—Cu(s)
2F ofelectricity deposit Cu=63.5g
1295.6 of electricity deposit Cu=63.5x1295.6
2=96500
={.426g

Q. 3. (a) State Kohlraush's law.

(b) Suggest a way to determine the A® for CH COOH.

(¢) The A" for sodium acetate, IICL, NaCl arve 91.0, 425.9 and 126.4 § cm®

mol? respectively al 298 K. Calculate A°®_ for CH,COOH.

Ams. (a) The molar conductivity at a mfinite dilution for a given salt can be expressed

Q4.

Ans.

as the sum of the individual contribution from the ions of electrolyte,

(b} AR CH,COOH =7

A CHCOO + ¥ H = M CHCOO + M Na+ 3" H
+ X CF- A"Na™ - A" Cl 1)
A® CH,COOH= A" CH,COONa + A" IIC1 — A* NaCl

(c) A® CH,COOH= A" CH COONa ~ A" HC1 - A® NaCl

=0]1.0+4259— 1264
=390.5 S cur’ mol?

{a) Define weak and strong etectrolytes

{l) The E" values corresponding to the following two reduction electrode
processes are:

(i) Cu'/Cu=0.52V (ii) Cu™/Cua"=0.16V

Formulate the galvanic cell for their combination . Caleulate the cell potential
and AG’ for the cell reaction.

{a) Weak electrolyie: the substance which partially ionized insolution is known as
weak electrolyte. Example: NH,OH

Strong electrolyte: The substance which completely ionized in solution is known as
strong clectrolvie. Example: NaCl
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ihy Cu+e™ Cu
Cuo—Cu +e
Overall cell reaction: 2Cu — Cu+ Cu'™

Chl*ﬂ;‘.u’* [Cu’|Cu
Ecell =052-0.16=036V
AG" =anFE"_,
=-1 X96500%x0.36
=-34740 ) mol’

(1.5, Calculate emfand AG" for the following cell at 298K,
Megis) | Mg (107 M) Cu™ (107 M) | Cu(s)
[Given: E"Mg" /Mg =236 V: E' Cu"/Cu=0.34V: | F=96500 C mol’]

: Mg
Ans, E.-.II=H w7 :lljlfl_q iﬂg o
2 [Cu™') :
E,.,=0.34-(-2.36)- 0.059 mg_:_g_T

=2 T0-0.02655=2.6TV
AG=-nF E",,.. ——ZXQGSD{!XITI
=-523X10"kImol’

Q.6.  (n)Give the units of conductivity and molar conductivity
(b) Write down Nernst equation and calculate the emf of the following cell
at 298 K;
Cu(s)| Cu” (0.13M) L Ag (107 M) | Ag(s)
Given: E' (Cu™/Cu)=+0.34 Vand £ (Agt/Ag)=+0.80 v,
Hint: (a) Conductivity Sem ' cm, Molar conductivity Sem mol '
e L 3 2
iy e lf‘;g_]: 0.3 x I
[Cu] [Ag+t] 1% (107

E=E"- D'Unjqi log, 0
(0.059]
2

=0.13 X105

= 0.46- log, (0.13X10") = 0,25V

Q.7. (a)Caleulate the emfofthe following concentration cell:
Zn, | ZnSO (0.001 M) || ZnSO(0.01 M) | Zn(s)
{b) How can the reduction potential of an electrode be increased ?

Hint: (a) 3
E = E_':'— % |UE-..Q
=0 []{J;'EI] Iﬂg 10 = 0.0295 Volt
(b) M" ne —M o 2,303 RT ]
That MU - nF log [M"]

—Tu 2303 RT
o Eyare = Efumrns + g log (M7
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Q.5

Ans.

Q..

Ans.

From the above relation it is clear that the reduction potential can be inereased
either by increasing temperature or by increasing the coneentration ofmetal ion.
(i) Theconductivity of 0.02M solution of NaClis 2.6 x 107 Sem”.
What is its molar conduetivity 7
(ii} Givereasons:
{a) Rusting of iron pipe can be prevented by joining it with a piece
of magnesinm.
(b) Dry cell become dead after a long time, even ifit has not been used?

K=26x10"Scm’
C=0.02M
_k»1000
C(M)
_2.6%10% %1000
0.02
C26%100 26%10°
“0.02%100 )
=13%10* S em mol”

(i) (a) It is due to cathodic protection in which magnesium metal is oxidised in
preference to iron and acts as the anode:
(b) Adry cell becomes dead afier a bong time because theacidic NH,Cl
corrodes with the zinc container of dry cell.
(i) Depict the galvanic cellin which the reaction
Zn(s)+2Ag'(aq) — Zn''(aq)+2Ag (s)
take place. Further show :
(a)Which of the electrode is negatively charged?
{b)} The carriers of the carrent in the cell.
(¢} Individoal reaction at each electrode?
(ii) Asolution of CuSO, is electrolysed for 10 mins. With a carrent of
1.5 amperes. What is the mass of copper deposited at the cathode ?
() Znyl Zn'y, 1l A, 1AR,
(2) Znelectrode{anode)
(b) Tonsarecarriers of the current in the cell.
(¢} Atanode;
Zn(s) — Zn"+2c
At cathode:
Ag'te — Ap(s)

(u) I=1.5 Ampere
Time: 10=60s =600
O=Ix%t=1.5x600=200C
Cu™ +2e —>Cu(s)

2F amount of electricity deposit copper==63.5g

D00 C amount of electricity deposit copper= 3135533 = 0.296g
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| CASE STUDY BASED QUESTIONS |

Read the passage given below and answer the questions that follow:

The study of the conductivity of electrolyte solution is important for the
development of electrochemical devices, for the charactenisation of the
dissociation equilibriurn of weak electrolytes and for the understanding of charge
transport by ions. The conductivity of electrolyte is measured for electrolyte
solution with concentration in the range of 10° to 10*mol/L, as solution in this
conceriration range can be easily prepared. The variation in molar conductivity
(A,) of strong electrolyte with concentration is given by equation A =A",— ANC

Where A’ is the molar conductivity at infinite dilution and Cis the concentration
for solution. Following graph shows the, vanation of moelar conduetivity with

concentration for both weak and strong elecirolyies.

oL
=
T

Weak electrolyte (CH,COOH)

A f(Sem'mol”)
=
(F
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(A)

(B)

(C}

(D)

Limiting molar conductivity cannot be determined by extrapolation of A,

versusVC curve. Molar conductivity at infinite dilution can be calculated by sum of

contributions of each ion, A" =v' ) 4v),

Where &, and A, are the limiting ionic conductivities of positive and negative ions

respectively and v' and v are their stoichiometric coefficients in the salt molecular

Tormula.

In the following questions a statement of assertion followed by a statement of

reason is given. Choose the correct answer out of the following choices.

a) Asgertion and reagson both are correct statements and reason is correct
explanation for assertion .

b} Asserfion and reazon both are correct statements but reason is not correct
explanation for assertion,

¢} Assertionis correct statement but reason s wrong statement,

d} Assertionis wrong statement but reason is correct statement.

ASSERTION; For CH,COOH A", cannot be determined experimentally.

REASON: CH,COOH 1s a weak acid and Debve Huckel Onsager equation

cannot be used. Extrapolation method cannot be emploved.

ASSERTION : The ratio of conductivity to the observed conductance does not

depend upon the concentration of the solution 1aken in the conductivity cell.

REASON : Conductivity of solution decreases with dilution whereas observed

conductance increases with dilution.

ASSERTION : Molar conductance of all electrolyles decrease with increasing

concentration,

REASON : Lesser no. of ions are available per unit volume of solution at higher

concentration.

ASSERTION : 0.1 M NH,OH at 25°C has lesser conductance than at 50 °C,

REASON : Conductance of a weak electrolyte decreases with increase in

temnperature,



!‘-.l‘

(A)

(B)

(C)

D)

Read the passage given below and answer the questions that follow:
In the Daniell cell, the copper electrode is the anode. The elecirons leave the cell
from the zinc and enter into the copper electrode. To complete the circuit a salt
bridge (an inverted U-tube) is used. Salt bridge consists of a concentrated solution
of agar-agar + KCl/ KNOQL/NHNO,, The mobility of cations and anions are the
same. The maximum electrical work is given by W = —AG. Thiz AG is related
to emfas AG=n/lE. The extent of reaction is measured by AG. The emfofacell is
determined by the Nernstequation,
E=FE-0.0591 log Q.
n
The Nemst equation is also used to calculate the emf of concentration cell.
MM, 1M, M. When a given cell is atequilibrium. 0=K_,
To caleulate the standard electrode potential of a half cell like Ag/Ag’, Cu/Cu™,
one has to complete it withSHE e.g.
Pi'Hy(g) H,,, its E°= 0 (by convention). From the emf study, we can calculste
E". pH. valency, Kq, K.. thermodynamic parameters, etc.
An electrochemical cell stops working after some time beeause
{a) Electrode potential ofboth the electrodes becomes zero.
(b} Electrode potential of both the elecirodes becomes equal.
{e) Ongofthe electrods 12 eaten away.
{d) Thereaction slart s proceeding in opposile direction.
Which of the following statements is correct fora galvanic cell?
fa) Reduction occurs at cathode, (b) Omadation occursat anode.
{¢}) Electronslow from anode to cathode. (d) All statements are correct.
Whatis correct when net cell reaction is spontaneous?
{a} E?,,lsnegative (b] E.,=0
(¢) E.~E. (d) AG=0
The function of salt bridgeis to:
fa) allowionsiomove fromanode to cathode
(b} allow solutions from one half'cell to the other halfcell
(e) allow the current to flow through the cell and keep the solutions
electrically newtral
{d) lkeepthelevel of solutions same.
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3. Read the passage given below and answer the questions that follow:
Oxidation-reduction reactions are commonly known as redox reactions, They

involve transfer of electrons from one species to another. In a spontaneous reaction,
energy is released which can be used to do useful work, The reaction is split into two half
reactions. Two different containers are used and a wire is used to drive the electrons from
one side to the other and a Violtaic/Galvanic cell is created. It is an electrochemical cell that
uses spontaneous redox reactions 1o generate eleciricity. A salt bridge also conneets to the
half cells. The reading of the voltmeter gives the cell voltage or cell potential or
electromotive force. TEC cell is positive the reaction is spontaneous and if it is negative the
reaction is non-spontaneous and 1s referred to as electrolytic cell. Electrolysis refers to the
decomposition of a substance by an electric cwrrent. One mole of electric charge when
passed through a cell will discharge half a mole of a divalent metal ion such as Cu™. This
was first formulated by Faraday in the form of laws of electrolysis.

The conductance of material is the property of materials due (0 which a malerial allows the
flow of ions through itself and thus conducts electricity, Conductivity is represented by k
and it depends upon nature and concentration of electrolyte, lemperature elc. A more
common ferm molar conductivity of a solution at a given concentration is conductance of
the volume of solution gontaining one mole of electrofyte kept between two electrodes
with the unit area of cross-section and distance of unit length. Limiting molar conductivity
ofweak electrolytes cannot be obtained graphically,

{A) Which plate zine or silver is going to act as cathode of the cell?
(B) What will happen if the salt bridge 15 removed?
{C) When does electrochemical cell behaves like an electrolytic cell?
(1)) (i) What will happen to the concentration of Zn™ and Ag when E_ =0
(ii) Why does conductivity of a solution decreases with dilution?
OR
(D) The molar conductivity of a 1.5 M solution of an electrolyte is found to be 1389 8
em’ mol” Calculate the conductivity of this solution.
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ANSWERS
MULTIPLE CHOICE QUESTIONS
l.Lec Z.2¢ 3:d 4 ¢ 5a 6.¢ T.h 3'b 9 a 1l0:.ad

11,a 12 ab 13.a 14.a 15.a,b 16.d 17c 18.d 19. b 20. bd
FILLINTHE BLANKS

1.  Conductivity e ¢ 3 Anode to cathode
4.  ohm metre = positive 6. decreases

7 m' 5. cannot 13 galvanisation

10, 4F

ASSERTION REASONTYPE QUESTIONS

. a0 20 -2 3. a4 d 5 o«
& =& T a B, a 9, a 10
ONE WORDANSWER TYPE QUESTIONS

Iz 3N 2 Increases 3. ions

4. Standard hydrogen elecirode 5. No 6. Conduetivity
7. increases 8. Faraday constant

9. Calomalelectrode 10.  increases 11, Fuel Cell
12. Alequilibrium 13. Eleell= 0091 655

14. FromZine to Silver 15.  EBquilibriumstate is attained

CASESTUDY BASED QUESTIONS
1: (A) a (B b (CQ ¢ (D) ¢
2: (A) b B d (€ bd (D ¢
3: (A)Cathode (B) voltage will drop to zero (C)WhenE, >E,,
(D) (i) Inereasing concentration of Zn™ and deereasing
concentration of Ag’ reaches to an equilibrium
(11} Dueto decrease inno. ofions per unit volume.

OR

— 1000
DiA=Kx 00
(D) An A M

1000
1.5

K=0.208 ohm'cm"

1389 =K
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UNIT TEST-1

CHAPTER-3
ELECTROCHEMISTRY

TIMEALLOWED :1 HR. ML.M. 20

1. Whatdoes the negative sign in the expression E' o o, =—0.76 V miean? 1

2. Write unitof molar conductivity. |

3. Suggestawaytodetermine the A" value of water. 1

4. Write the nemst equation ofthe following cell
Mefs)Mg"(0.001M) Il Cu'"(0.001M)|Cui's) 1

5. Whyisitnotpossible 1o measure single clectrode potential? 1

6, Caleulate emfofthe following cell 2
Cd|Cd™ (0. 10M) I H'(0.20M)H,(0.5 atm)/ Pt
(Given B for Cd™/Cd=-0.403V)

7. Why on dilution A, of CHLCOOH increases drastically while that of CILCOONa
increases gradually? 2

8, Conductivity of 2.5 x 10" M methanoie acid (HCOOH) is 525 x 107 Sem™,
Caloulate its molar conductivity and degree of dissociation. 3
Given: A" (I')=349.5 Seni'mol 'and A" (HCOO) = 50.5 Sem’mol '

9. (i) The conductivity of an aqueous solution of NaCl in a cell is 92 ohm . the

resistance offerad by the cell is 247.8 ohm., Caleunlate the cell constant. 3

(i1) Whatis the effect of dilution on the conductivity of an electralytic selution?

10. Caleunlate EMT and AC for the following cell at 2081

Me(s) I Me™(0.01M) 11 Ag™(0.0001M) | Ag(s)
Given: By =-2.3TV,E 1 = +H0.80V 5
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UNIT TEST-2
CHATTER-3
ELECTROCHEMISTRY

TIMEALLOWED :1 HR. M.M. 20
L. Express the relation between conduclivity and molar conductivity of the solution. |
2. Name any two metals which can be uged for cathodie profection of iron. 1
3, Name a battery vsed inApollo space programme. |
4, Write the correct representation of the cell: &
2. Cr, +3Cd",,— Cr",, +30Cd,
5. Howmany Faradays of chargeare required (o convert | mole of Fe™to Fe? 1
6. How does molar conductivity vary with dilution for 2

(1) weak electrolyte and for
(ii) strong electrolyte? Give reasons for these variations.

7. The conductivity of 0.2 M solution of KCI at 298 K is 0.025 § cm . Calculate the
molar conductivity. 2

8. Account for the following: 2
(i} Alkaline medium inhibits the rusting of iron.

(7i} Iron does not rust even if the zine coating is broken in a galvanised iron pipe.

9. Calculate the emf for the given cell at 25°C, 3
Cr | Cr"(0.1M) Il F"(0.01M) | Fe
[Given; B qui e =- 074V, ' s .= - 0.44 V]

10.{a) Write the cell reactions which occur in lead storage batiery 3

i) When the battery is in use and
{i1) When the batterv is on charging.
() Mention two sdvantages of fuel cells.

11. Molar conductivities at mimite dilution for NH,Cl, NaOH and NaCl solutons at
298 K are respectively 129.8, 217.4 and 108.9 S cm’ mol 'and the molar conductivity
ofa 10° M solution of NH,OHis 9338 cm’ mol” Caleulate the degree of dissociation
{a) of NTL,OMH in the ahove mentioned solution. 3



< Points to Remember >

BATEOFREACTION:-

ForareactionR—P
Rate of reaction = change of conc. of R or P/ Time interval
Rate=-A[R]/At=A [P}/ At, Thisis average rate of reaction.

For expressing the rate of such a reaction where stoichiometric coefficients of reactants
or products are not equal to one. rate of disappearance of any of the reactants or the rate
of appearance of products is divided by their respective stoichiometinic coefficients.

Fore.g. forachemical reaction: N(g)+3H,(g)— ZNH, (g)

1,,=-A [N At=-1/3 (A[HLJ/At) =YA(A[NH,/AL)

Units of rate of a reaction:-

Congcentration time

e ifconcentration is in mol L and time is in seconds then the units will be mol L 's "

e In gascousreaction, when the conceéntration of the gases is expressed in terms of their
partial pressure, then the units will be atms .

INSTANTANEOUS BRATE is defined as the rate of change in concentration of any one
of reactant or product ata particular instant of lime.

when At -0 ¢, = d[R]/dt=d [P]/dt

Factors affecting rate of a reaction:

(a) Nature of the reacting species: Chemical reaclion i8 a process in which new
chemical bonds are formed and old bonds are broken. Therefore, the sirength of
these bonds affect the rate of the reaction.

{(b) Concentration of reactants: The rate of reaction increases with increase in

concentration of reactants,

(c) Effect of temperature: The rate of reaction is nearly double for every 10°C rise

in temiperature.

(d)  Catalyst: generally catalyst increases the rate ofreaction.

{e) Effect of radiations: The rates of some reactions are enhanced due to
absorption of radiation. These reactions dre called photochemical reactions.
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LAWOF MASSACTION:

The rate of a chemical reaction is directly proportional to the product of the molar
concentrations of the reactants.

aA+bB —Products
According to law of mass action Rateq [AT'[BT,

Rate=k[A]'[B]"

* RATE CONSTANTOFAREACTION

al & given lemperature may be defined as rate of the reaction when the molar
concentration of each of the reactants is unity,

o CHARACTERISTICS OF RATE CONSTANT

(1)
{i1)
{111}
(iv)
(v}

Rate constant is a measure of the ratg of the reaction.

Larger the value of I, faster is the reaction.

Different reactions have different values of ko

Foraparticular reaction, the rate constant is independent of concentration,

At a particular temperature, the value of k 13 constant, However, it changes
with temperature.

o RATE LAW iz the expreszion in which reaction tate 12 given in terms of molar

concentration of reactants with each term raised to some power, which may
or may not be same as the stoichiometne coefficient of the reacting species
inabalanced chemical equation, Itis deterinined experimentally.

s ORDER OF A REACTION: The sum of powers of the concentration of the

reactants in the rate law cxpression is called the order of the chemical
reaction.

Forthe rate law expression
Rate=k[AT{b]"
Order=x+y

» DUNITS OF RATE CONSTANTS: Units of rate constant are different from

reaction of different order : (moIL"Y'" time ' where 'n' i3 order of reaction.
For gas phase reaction unit of rate constant is (atm of bar) s

Reaction Order (a+f) Units of rate constant

: £ 1 Al
Zero order reaction 0 mu;L ‘xi B OEL.:T——melL' g
o e . . mD]L'I l oAl
First order reaction l -s—x (m—oLL"}' =5

Second order reaction 2 LEJ x[ﬁm; =miol'L's"

5
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MECHANISMAND RATE LAW:

The reactions taking place in one step are called elementary reactions.
When a sequence of clementary reactions, (called mechanism) gives us the
products, the reactions are called Complex reactions. [n complex reactions,
the rate of the reaction is determined by the tlowest slep in the sequence. The
slowest step is called rate determining step in the proposed mechanism,

ZEROORBRDER REACTION
Integrated rate equation k=[R],-[R]/t

f
=2 ~

E 3 g, k= -glape

| .

0

i "~ Timt —>»

INTEGRATED RATE EQUATION FOR FIRST ORDER REACTION:
ke =2.303 log [R],
R
where [R], 15 initial concentration of reactants and [R] is concentration al

timet.

T i_r_':xl.ﬂl. T ‘ Klape = LI 2
" ? g/ log [Al,

[A]

Time —>
Time —

Foratypical first order gas phase reaction; A(g) —=B(g)+C (g)
Where p, is the initial pressure of A and P, the total pressure at time 't'.

e HALF-LIFE PERIOD (t ,): The half-life of a reaction is the time in which

the concentration of a reactant is reduced to one half of its initial
concentration.

k= 2303 ™
— lag
£ (2p-p)
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For zero order reaction : t,,=[R],/2k
Forfirst order reaction ;1 .= 0.693/k

For zero order reaction t,, o |R],. For first order reaction t,, is independent
of [R],.

e PSEUDO FIRST ORDER REACTIONS. Chemical reactions which are
not truly of the first order but under certain conditions become first order
reactions are called e.g. A bimolecular reaction. in which one reactant is

present in large excess and rate of reaction is independent of its
concentration, the reaction follows first order kinetics.

For example. ester hydrolysis, where water 15 taken in eXcess.

CH,COOCH,CH, + H,0 — CI,COOH + CH.CIH,0H is a bimolecular but
first order reaction.

o Activation energy : The minimum extra amount of energy absorbed by
reactant molecules so that their eneigy becomes equal 1o the threshold
eneryy 15 called activalion energy.

Activation energy = Threshold energy - Kinetic energy

¢ Temperature coefficient: the ratio of rate constant at two temperatures
having difference of 10K is called temperature coefficient.

Temperature coefficient = Rate constant at T + 1(°C/Rate constantat T°C
® Arhenius Equation:

k=Ae™"

where. k= Rate constant

A= Arrhenius energy (Frequency factor or pre-exponential factor)

E =Activation energy

F=Rale constanl

T=Temperature

= Fraction of molecules having energy equal to or more than activation
energ

gy E,
log k=logA- 37

b __E_rll
k, 2303R ML T,

k. B rLT i b
lngr =3303: 8314 [T.: T;,] Where R = 8,314 JK" mo!*

log
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OBJECTIVE TYPE QUESTIONS

I MULTIPLE CHOICE QUESTIONS

1. The initial concentration of the reactant is doubled, the time for half reaction
is also doubled. Then the order of the reaction is

a) Zero {b) one {¢) Fraction (d) none
2. Which of the following statements is correct?

{a) The rate of 4 reaction decreases with passage of time as the conceniration of
reactants decreases

{b) The rate of a reaction is same at any time during the reaction

(c) The rate of a reaction is independent of temperature change

(d) The rate of 4 reaction decreases with increase in concentration of reactants(s)
3. The rate constant of a reaction is 5.8x 105", The order of the reaction is.

(a)Firstorder (b)zeroorder (c)Secondorder (d) Third order

4. A second order reaction between A and B is elemeniary reaction:
A+B—Produoct rate law expression of this reaction will be:

(a) Rate=k[A][B] (b)Rate=k[AT[BT (c) Rate=k[AT[BT’ (d)Rate=Kk[AT[B]"
5. Which of the following is pseudo first order reaction?

(#) 2H,0,—2H,0+0,

(b)20,-+30,

(c) CH,CODC,H,*NaOH—CH,COONa+C I,OH

(d) CH, COOC,H, + H,0—CH.COOH+C,H,0H
6. Alargeincrease in the rate of reaction for risein temperature is due to:

{a) Increase in the number ol collisions

(b} Increaze i the number of activated molecules

{c) Lowering of activation energy

(d) Shortening of the mean free path.
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7. Radioactive decay is an example of:
(a)firstorder (b) zeroorder (c) secondorder (d)0.3 order

8. For a zero order reaction, the plot of concentration of reactant vs time is
(intercept refers to concentration axis)

{a) linear with +ve slope and zero intercept

{b) linear with ~ve slope and zero intercept

{¢) linear with -ve slope and non-zero intercept

{d) linear with positive slope and non-zero inercept
9. The rate constant of nth order has units

(a) litre' "niol’s" ()  mol™litre""s’

() mol “litre"s" (d) mol"lire"s"
10. A hypothetical reaction A, +B,—2 AR follows the mechanism as given below:

A, — A+A (fast)

A+B,—AB+B(5low)

A+B—AB (Fast)

The order of reaction is:

(a) 2 by 0 fc) ' (dy |

11.1In a first order, the concentration of the reactant reduced to 1/4 in 60 minutes.
What will be its half life?

fa) 120 min (b) 40 min
(c) 30 min (d) 25min

12.For a complex reaction

{a) order of overall reaction is sume a8 molecularity of the slowest step.
(k) order of overall reaction is less than the moleculanty of the slowest step.
{c) order of overall reaction is greater than molecularity of the sloweststep.
{d) molecularity of the slowest step is never zero or non integer,

13.Which of the reaction ends in infinite time?
() Zero order {b)  Firstorder
() Second order (d) Third order

14. Which one is correct for first order reaction.

(8) to/te. =15 (b)t., S Z2(C) b/t 10 (d) o0 /=2
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15. The rate constant of a zero order reactionis
(4) Independent upon initial concentration
(b) Inversely proportional to concentraion
(¢) Does not depend upon concentration
{d)None of these

16.For the elementary reaction M—N, the rate of dissappearance of Mincreases
by a factor of & upon doubling the concentration of M. The order of the
reaction with respect to M is:

faj4  (B)3 ()2  (d)l

17.When initial concentration of a reactant is douobled in a reaction, its half life
period is not affected. The order of the reaction is.

(a) Second {(b) more than zero but less than first
{c) Zero {d} First

18. Which of the following influences the rate of reaction?
(a) Temperature (b) Concentration
(¢) Light (d) All of these

19 Higher order{>3) reactions are rare due to

(a) shifting ofequilibrium towards reactanis due to elastic collisions

(b} loss of active species on collisions

() low probability of simultaneous collizion of all the reacting species

(d) increase in entropy and activation energy as more molecales are involved.
20.H=alf life period of a first order reaction is:

(a) directly proportional to the initial concentration of the reactant

(b} halfof the rate constant

() same [or all reactions

(d) independent of initial concentration of reactants

21. The halt-life for a zero order reaction equals:

2k 1

@ g ® 7w
R R

© 5 @2

Where R is the inilial concentration,



Lo,

(a)

(b)

(e)
(d)
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Hydrolysis of ethyl acetate in an acidie solution isanexample of ...

order reaction.

Ifthe activation energy of the reactionis low, it proceeds at ...........cocceevn. rate,
In a multi step reaction, the ..o, step determines the rate of
reaction.

For afirst order reaction. the halflife period isequalte .

The order and molecularity ofa complex reqetion.........coorveve e be same.
The mversionof cane sugarisa.......oooovi, order reaction though its molecularity
L} e

The difference of energy between activated complex and that of the reactants is
(o1 RSP OR E

The unit of firsl ordet rale constant when concentration is Measured in terms of

pressure and Hne I mINmES 18, e e e
Afirstorder reaction hast': =6.93min. The rate constantis ......coceeen.

Increasein temperature increases the numberof ..o
ASSERTION REASONTYPE QUESTIONS

Both assertion and reason are correct statements, and reason is the correct
explanation ofthe assertion.

Both assertion and reason are correct statements, bul reason is not the correct
explanation of the assertion.

Assertion is correct, but reason is wrong statement.
Assertionis wrong, bul teason is correct statement.
Assertion: Hydrolysis of methyl ethanoate is a pseudo first orderreaction,

Reason: Water is present in large excess and therefore its concentration
remaing eonstant throughout the reaction.
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L

0 B0

Assertion: The slowest elementary step in a complex reaction decides the rate
cfthereaction.

Reason: The slowest clementary step always has the smallest molecularity.
Assertion: A catalystincreases the rate ol areaction.

Reason: The catalyst increases the activation energy which in tum increases the
rate of the reaction.

Assertion: Activation complex for the forward reaction reaction will have
lower energy than that for the backward reaction in an exothermie reaction.
Reason: Reactants have greater energy than products for an exothermic
reaction.

Assertion: Increase in temperature increases rate of reaction.

Reason: More colliding molecules will have energy greater than threshold
Cnergy.

Assertion: Unit of rate constant is independent of order of reaction.

Reason: The power of concentration terms in the rate equation keep changing
with change inorder.

Assertion: In zero order reaction , the cone, versus time graph is a straight line,
Reason: The rate of change of concentration per unit time in zero order reaction
remaing constant

Assertion: Half-life period is always independent of initial concentration
Reason: Hall-life period is inversely proportional to rate constant

Assertion: The rate of reaction is the rate of change of concentration of a
reactant or a product,

Reason: Rate of resction remains constant during the course of reaction.
Assertion: Rate constants determined from Arrhenius equation are fairky
accurate for simple as well as complex reactions.

Reason: Reactant molecules undergo chemical change irrespective of their
erienlation during collision

ONEWORDANSWERTYPE QUESTIONS
For reactions of which order the units of rate constant and rate of reaction are
same”?
What is the difference in energy between the energy of activated complex and the
average energy of reactants called?
Acreaetion is 50% eomplete in 2 hours and 75% complete in 4 hours. What is the
order of reaction”
What is the effect of catalyst on activation energy ol teaction?
For a reaction half-life is observed to be independent of the initial concentration
of the reactants. What is the order of reaction?
What is the effect ol catalyst on Gibb's energy change (AG) ofa reaction”
For which type of reaction, order and molecularity have the same value?
Tdentify the order of reaction from the following unit of rate constant: Lmol s
What is the effect of increase in surface area of reactants on rate of reaction?
E, and E, are the actuvation energies of the reactanl and product respectively, IF
E,=E,. predict the nature of reaction { Exothermic or Endothermic)?
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11.  Thereaction, A+ 2ZB— C obeys the rate equation.

Rate=K[A]7[B]"
What is the order of a reaction?

|2, DExpress the rate of the following reaction in terms of disapperance of
hydrogen in the reaction.
3H,(gr+N,(g) 2NH,(g)

13, Forthereaction. A—B. the rate of reaction becomes twenty seven times
when the concentration of Ais increased three times. What is the order of
the reaction ?

14, The decomposttion resction of anumonia gas on platinum surface has 4
rate constant=2,5x 10" mol L' s, What s the order of the reaction?

15. Anendothermic reaction A— B has an activation energy of 15 keal/mole

and the energy of the reactant is 5 keal/inol. What s the activation energy

forthereactionB —A?

VERY SHORT ANSWER TYTPE QUESTIONS (1 MARK)

1. Theratelaw fora reaction is Rate=K [A][B]"

Can the resction be an elementary process? Explain,

Ans. No, an elementary process would have a rate Jaw with orders equal to s
molecularities and therefore must be in integral form.,

Z For the reaction 3H, + N, —2INH,, how are the rate of reaction expression -
dlH,)/dtand d[NH, |/dt inter-related?

Ans.~1/3 d[H,]}/di=1/2 4 [NH,J/dt

3. ldentify the order of a reaction from the following rate constant :
=2.3x10" Lmol's"

Ans. Second order

4. Aftter five half-life periods for a first order reaction, what fraction of
reactant remains?

Ans. /32

5. Whatis theeffect of adding catalyst on the free energy of a reaction?

Ans, Nochangein AG.

6.  What value of k is predicted for the rate constant by Arrhenius equation is
T >0 ? I3 this value physically reasonable?

Ans. From the equationk=Ae ™" if T—®k=A_ sothat Ba=0. This is not
feasible

7 Determine the roder of reaction?

Step 1. ZNO+H, — N+ H,O, (Slow)
Step 2. H,O,+H, — 2H,0 (Fast)
Ans. Rate=k[NOT [11,]
Order=2+1
=3

8. What is the order of reaction whose rate constant has the same units as
the rate of reaction?

Ans, Zero order
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Ans.

{13

Ans.

I1.

Ans,

12.
Ans,

13.

Ans.
14,

Ans.
15.
Ans.

16.
Aﬂsl
17.

Ans.
18.

Ans.
14,

Ans.
20.

Ans,
21,
Ans.

Wy are reactions of higher order less in number ?

Reaction takes place due to collide of molecules. The chances for a large
number of molecules or ions to collide simultaneously are less. Hence, the
reactions ol'higher order are less,

What will be the effect of temperature on rate constant?

Rate constant of a reaction is nearly doubled with rise in temperature by 10°C.

State a condition under which-a bimolecular reaction is kinetically first
order reaction.
Abimolecular reaction becomes first order reaction when one of the reactants
isin excess.
Why can't molecularity of any reaction be equal to zero?
Molecularity of a reaction means the number of molecules of the reactants
takmg place in an elementary reaction. Simce at least one molecule must be
present. so that molecularity will be atleast one.
The rate constant of a reaction is 3x10° min"'. What is its order of reaction
{On the basis ef units of rate constant)
First order reaction.
Three-fourth of a reaction is completed in 32 minutes. What is the half life
period of this reaction?
16 minutes.
What is meant by an elementary reaction?
A reaction which takes place in one step is called an elementary reaction, For
example: H+1,—2HIL
Giveone example of a reaction where order and molecularity are equal?
2HI—H, + I, (Order=Molecularity = 2)
For a reaction R—P, the rate becomes 2 time when the concentration of the
reactant Ads increascd 4 times, What is the order of reaction 7
r=k(a)’ 2r=ki{4a)’ 2=4=03
The rate constant of a zero order reaction in A is 0.003 mol L™ sec”. How
long will it take for the initial concentration of A to fall from 0.10M to 0.075
M?
1=[R]-[R)k=0,10-0.075/0.003=28.3 second
In a reaction 2A — Products, the concentration of A decreases from 0.5 mol
L' to 0.4 mol L" in 10 minutes. Caleulate the rate during this interval.
Average rate; ~A[A ]/ 2A=-14(0.4-0.5/10)=5x10"M min '
In some cases large number of colliding reactant molecules have energy
more than threshold energy even then the reaction is slow . Why
Because resuliant molecules do not collide inproper orientation
Give an example of a reaction having fractional order.
Diecomposition of acetaldehyde (order=1.5)
CILCHO—CI,+CO
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22.  Decomposition reaction of ammonia on Pt surface has rate constant= 2.5
x 10" mol L” sec”. What is order of reaction ?

Ans. Unitofk explainthatitis zero order reaction.

23.  Whatis order of radicactive decay?

Ans. Firstorder

24.  Forareaction A+B — product, the rate law is given by =k]A] “[B]. What
is the order of the reaction ?

Ans. Orderofreaction=1/2+2=25

25.  Forachemical reaction halflife period cannot depend on concentration of
solution. Whatis order of reaction?

Amns. First order reaction



SHORT ANSWER TYPE QUESTIONS (2 or 3 Marks)

Q. 1. The rate of a particular reaction quadiruples when the temperature changes
firom 293 K to 313 K. Calculate activation energy.

Ans, ks, =4
T,=293K.T,=313K

Koo By |3 32
T 230R|T, T,

il

Thus, on calculating and substituting values. we get :
E, = 52.86 kJ mol"
Q. 2. If the decomposition of nitrogen oxide as
2N,0, » 4NO, + 0,
follows a first order kinetics.

(a) Calculate the rate constant for a 0.05M solution if the instantaneous rate
is 1.5 = 107" mol/l/s ?

(b) What concentration of N O, would give a rate of 2.45 < 10~ mol L' 5" ?

Ans. () Rate =k[NO]

, o Rate _L5x107
[N,0;] 0.05
k =30x10°

(b)y Rate =245x10"molL’s’

Rate 22.45:-:10*
kK  30xi0”

[NO,] = =082M
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. 3, Write the difference between order and moleculavity of reaction.
ANS.

Order Molecularity

1. Itis the smn ofthe powers of concentration | It is the mumber of reacting species

termis in the rate law expression. undergoing simultanecusly collision in
& redaction.
2. I iy determined experimentally. 2. It is a theoretical concept.

3. Order of reaction need not to be a whole | 3. 1t is whole number only.
number.

1. Order of 1eaction can be zero.
Q). 4. Consider the decomposition reaction :

4, It can’ be zero or fractional.

2H,0, —"T ,2H,0+0,

This reaction takes pluce in two steps as given below :
Step 1. HO, +T > HO+10 (slow)
Step 2. H,O,+ 107 > HO +1 + O, (fast)
{a) Determine rate law expression.
by Determine the order of reaction.
Ans. (a) Rate= |[H O |[I] because second step is rate determining step.
(b} Order=111=2

Q. 5. The decomposition of hydrocarbon follows the equation K = (4.5 = 109 51
¢ BT, Calculate E

Ans., k= (4.5 5 10 g1) g 80T
Comparimg the equation with Arthenius equation.

k =A@ Er

K. _ —25000 K
R

En =2E000 = %314
=232192 F mol?

Q.6. A reaction is of second order with respect to a reactant. How is the rate of
reaction affected if the cone. of ihe reactant is reduced to half. Whati is the unit or
rate constani for such a reaction?
Ans. Rate =E[A]"
New rate will be 14 of imitial rate
k=mol'LS"
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Q.7. For a first order reaction time taken for half of the reaction to complete is /
and % of the reaction to complete is . How arve 7 and 7, related ?

Ams. ¢ =2t because for 3/4th of the reaction to complete time required is equal to two

half lives,
(}.8. Conc,
of & \—r B

J—
(A)Why isthe order of the reaction ?
(b) What is the slope of the curve ?

Ans. (1) Zero orderreaction. |
(®)  [RI=[R], -kt “* Slope=-k
Q.9. Derive an expression to calculate time required for completion of zero order
reaction.

Amns. Fora zero order reaction.

R=[R|,—kt
For completion of the reaction [R] =0
s m=r, ,_[RL
k
T =
k

Q.10. The rate ol a gaseous reaction becomes hall when volume of the vessel Is
doubled. Whalt is the order ol reaction ?

Ans. Suppose, order of reaction is n and the redaclion 1s A (g} — Products

Rate=A] (1)
When volume is doubled, molar conc. becomes half’ and rate of reaction gets
halved.
Rate (AY ;
— k= i)
2 2

Dividing equation (1) by equation (i),

23 =2y n=1



Q.11

Ans,

Q.12.

Ans.

Q.13.

Ans.

Q.14.
Ans.

0.15.

Ans.
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A reaction which is first order with respect to A has rate constant 6 min'. If
we start with [A] = 0.5 mel L', when would |A] reach the value of 0.05 mel L
_2303  [A],

A

k

k=6mm"’, [A], =05 [A] =005 ="

2.303 0.5 2303
= lﬂg =
G .05 &
The conversion of the molecules X (o Y follows second order Kinetics. If the
concentration of X is increased to three times, how will it aflect the rate of

formation of Y 7

log 10 = (L3838 min

0 times

A first order reaction has a rate constant 1.15 x 107 5'. How long will 5 gram
of this reactant take to reduce lo 3 grams ?
_ 2303 [BL
’; [}I-.‘Jg "] s
303 3
= s O )
_ 2303 :
|__I_I5xFﬁ - [togS-log3)
—ddids

Distinguish between rate expression and rate constant of a reaction.

Rate expression is the way to express rate of reaction in terms of concentration of
reactants. for a chemical reaction aA+bB—cC+dD Rate=k[A]"[BT

Rate constant (k) is defined as the rate of reaction when the concentration of

reactants are taken as unity,

Consider a certain reaction A — Product with k = 2.0 = 10° 5. Calculate the
concentration of A remaining after 100 s, if the initial concenfration of A is

1.0 mol L.

= EETEB log [fij'l
2x I07= 'zf?}'gl log ﬁ
- 5 < Tagﬁ — 0.8684
ity = Antilog (0.8684)
~7.3853

B er
[R]= gz =0.135M
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Q.16.

Ans,

Q.17.

Q.158.
Ans,

For the reaction NO, + CO — CO, +NO, the experimentally determined rate
expression below 400K is rate= k[NO,]". What mechanism can be proposed
for this reaction?
NOANO, _ Sw  NO+NO,
NO,+C0 —E— NO,+CO,
The halflife period of a first order reaction is 60 min, What % will be after
240 mins?
Hint: No. of half lives (n)=240/60 =4
% of A lefi= AL - Lz,l — 6.25%

-'- (1]

Time for half change for a first order reaction is 40 min. What % will be lefi
after 240 mins, 7

Mo, ofalflives=23. g
40

[Al- _ [A]

Dr".ﬂ ﬂf .Iqln J.Eﬂ zn Eh

1.36%

(3.19. The following data were oblained during the first order thermal decompo-

Ans.

sition of NID_, at constant volume :
IN,0, +IN,0, + O,

5. No. Time per second | Total pressure (atm)

1 L 0.5

2 100 (L.512

Calculate rate constant.

N.O. NO, +1:20,

Initial 05 ] ]
Fimal (0.5-x) x =2
P=05xt+xtx2=03+x/2
0.5+x/2=0512
x=0.024
k= il lug—p*

Py,
k= 2.303 I 0.5

100 “20.5-0.0240
k=492x10"s"
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.20, The decomposition of A into product has value of k as 4.5 x10°s” at 10°C and
energy of activation 60 KJ mol. At what temperature would kbe 1.5 % 10" see .
Ans,

T, T,
log '1%' - 'jﬁﬁu (ﬁ_ )

1 L.5-10* 60000 T,-283
08 ( 45%10 T 2303% 8314 LIBIT,
T=297K

(0.21. For a chemical reaction R — P, the variation in the concentration (R) vs time
(#) plot is given :

TN

H\\\
R] 3
{a} Predict the order of reaction. [
(b} Write down its rate law.
(¢) What is the slope of the curve? 0O Titme 5

Ans, (a) Lero
(b) Rate = k[R]'
{c) Slope =-#

.22, {a)yWriterate law and order of the following reaction:
ABHC, — AB,C +C (slow)
AB,+C — AR,C (fast)
{b) deline energy of activation of a reaction
(¢) What is the relationship between rate constant and activation energy of a
reaction?
Ans. (a)Rate=k[AB]|C,]., Order=I1+I1=2
{b)Retfer' points to remember”
(o) k=Ae ="
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0.23. The rate constant for first order reaction is 60/s , How much time will it take
to reduce the concentration of the reaction to 1/140 of its initial valae 7

Ans. 2305 (Rl

t=—"x¢ & [§]

2303 (Rl
60 U5 [R]/10

f =

2303
| = log 10

i
2.303
al
= 338 % 107%

Q.24. Therate of most of reaction donble when their temperatureis raised from
298K to 308K. Calculate the activation energy of such a reaction.

|} -I I
A - S L
log=3— =5 3R [T. T,]
2.303 % 8,314 298 * 308 x 0.3010
1000
E, = 52.89 KJ/mol

0Q.25.  Afirst order reaction takes 6%.3 min for 50% completion. Set up on equation
for determining the time needed for 80%: completion

0.693 0,693
2 693

B, «

k- —
= 10" min’'

2.303 o [R];
T & W

2.303
107
= 160.9 min

(2.26. Theactivation energy ofa reaction is 94.14 KJ/mol and the value of rate
constant at 40" Cis 1.8 X 10" sec”. Calculate the frequency factor A,
Ans.  Given, E,=94.14 % 10" Jmol", T=40+273 =313 K, K=1.8x 10" Sec'

Byusing.k=Ae™"  Tnk=InA- ==

T =

log3

Or logk =logA - Es
2303RT




Q.27.
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. 94 10x10°
Or logfl.Bx107)+ =
= I 303x8314x313  l0gA

Or A=antilog(10.92635)= 9.1%4=10" 5"

The rate constant of a reaction at 700 K and 760 k are 0.011 M'S” and 0.105

M S respectively, Calculate the value of arrhenius parameters

Ans.

Q.28.

Q.1.

Ans.

2.824=10"

The initial concentration of Hll'_'!; in the first order reaction N:ﬂ_g — END!
+ 40, was 1.24 x 107 mol 1! at 318 K. The concentration of N O_ after 60
minutes was 0.20 = 107 mol LY. Calculate the rate consiant of the reaction
at 318 K.

2303 (A}, 2303 [NO), 2303 1.24x10°

i o
[A] ¢ [N0g], 60 0.2x10°
= 2 s 20 L e i
= 00304 win”

| LONG ANSWER TYPE QUESTIONS (5 Marks) |

(a) Define order or reaction

{b) Rates of reaction double with every 100 rise in temperature . IT this
generalization holds for a reaction in the temperature ranges 298 K to 308 K,
What would be the value of activation encrgy for their reaction?
R=8.314Jk mol’

(a) Order of Reaction: It is the sum of powers to which to conc. terms are raised in
rate law cxpreq-ﬁ on.

tog % ~555 [ 7]

Hm, Tl

—‘%:2

P T 1 I
lng2=-2,3ﬂ3xg_314 [ 298 303]

= 298K, T,=308K.R=8314 JK' Mol’

| 10
03010 =5 35xg31a L 258 308 ]
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Q.2

Ans.

p_ 0.3010%2303x8 31442984308
10

52898 Jmol

S2ROB W mol
(a) Whal are pseudo order reaction 7 Give example,

(b} Rate constant K of a reaclion varies with lemperature *“T" according lo
the equalion :

E { 1
logk =log Am——2 | —
8 5 2.303R | T]

where E 15 the activation energy. When a graph is plotted for log k vs /1,
a straight line with a slope of — 4250 K is obtained. Calculate E_for the
reaction.

{a) The chemical reaction which look like higher order reaction but in real they
follow lower order kinetics.
For example,
H

CH,CO0C I, + HO » CH.COOH + C H.OH
eXCesS
Rate = k[CH,COOC H ]
Order =1
{b) Slope = L =— 4250 K
2.303R
So. E, =-2.303 xR xSlope =—2.303 x 8314 JK" mol" x 4250

= 813753 Jmol' = 81375 kT mol”
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Q.3. (a) Determine the units of rate constant for first and zero order reaction.

(b) Show that fime required for the completion of 99%; of the first order
reaction is twice the 20% of completion of the reaction,

Ans. (1) k = (@mol)-"1*'s"
For zero order. n=10
So. ko=(mol}?[°~*5" =" mol L
TFor first order, n=1
k = @mol)'-"L"-% 5"
S0, k={mol) ‘L5

|
=&

(b) Tor a first order reaction,

2,303 A
(2303, AL
ko [A]
99
[A] =a. [A]=a-L2Z=001a
[ J 100
2303 ] .
Lo = [Gg a —wlng]m =@K2
I 0.01a k k
i)
For %¥« completion of reaction,
x99
[A]l=a- =0.la
100
2.303 a 2,303
il = log = %1
ke 0.1a k
(1)

Dividing equation (1) by equation (i), we get

o= 2 % Ny,
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Q.4 (a) Define rate constant of reaction.

(1) A first order reaction takes 40 mins for 30% decomposition. Calculate
‘.

Ans. (a) Rate constant : It is the rate of chemical reaction when the concentration of
reacrant taken as unitv ar a given temperamre.

(b Letinitial conc. =a

30
Conc, after 40 muns. = ﬂ—ax
100
=0.70a
2303 A
(20, [AL
t A
2,303 i) 2.303 1
- log = log
40 0. 70 40 0.70
2.303 .
— #0.1549  =892% 107 min™!
3o 0693  (.693
A" 8925107 = 77.7 min

Q.5 (a) Delermine the order of reaction and also delermine the unils of rate
constant.

.

(Al

() The following data were given for thermal decomposition of SO,C1, at
a constant volume :
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S0,Cl, (g) — SO, (g) + CL (g)

Exp. Iime/s Total p/atm
1 L] 0.5
2 1600 0.6

Calculate the rate of the reaction when total pressure is 0.65 atm.
Ans.  {a) First order reaction
k=gt Ity
n=1
k =(mol)!-tL1-1s"

— =L
=§

) r 2.303 | B
= 0
;PP -p)
B 2.303 - (L5
100 " (2x05-06)
2303, 0.5
=—log—
100 0.4
_ 2393, 6969 - 2.23x1075"!
100
Now. Rate =P, 0401,
Pressure of SO,C1, when total pressure = 0.65 atin
PECI:CL_- =2P -P

=2x05-065 =035amm

Rate =223x 107 %035 =7 8x 10~ atm 3'
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Q.6.

Ans,

Q.7.

Ans.

(a)The activation energy of a reaction is 100 k¥ mol. In the presence of
catalyst the activation energy is decreased by 75%. What is the effect on rate
constant of the reaction at 20°C ?

(b}A+2B —3C+2D

The rate of disappearance of Bis 1x107 mol L" sec. What will be

(i) rate of reaction (ii) rate of changeiin the concentration of Aand C ?

(a)2.35 % 10" times
(b} (5%10%,5%107,15x10% mol L 's '

{a)A reaction is of first order in A and of second order in B, Write the
ditferential rate equation for this reaction. How will its initial rate be
affected if the concentration of both A and B aretogether doubled ?

{(b) The rate constant k of a reaction increases fonr fold when the
temperature changes from 300 K to 320 K. Calculate the activation energy
for the reaction. (R=8.314 JK ' maol")

(@r=K[A] ... (1)
r=k[B] ...... (2)

Difterential rate equation is

r=iA]'  [BI ... (3)

When cone. of both A and B is doubled
r=k[2A]' [2BT..... (4)

Divide (4) by (3).

r'ir=4§

Thus , rate becomes 8 times,

b) K —4,T =300k T,=320K

k,
R=8314T K" mal"
gt = E__[Th ]
%, T ZamRLTT
B E 320-300
= logd = T ol ¢ (H0*320
E, 0K
= 1}.5'}2'}—2,393:8.31411{ mol" [gﬁxm‘

E=55327.6 T mol' = 55,33 kI mal'
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Q.8.  (a)What ave the factors on which rate of the reaction depends ?
Discnss each factor in brief.
(b) The following results have been obtained during the kinetics siudies
of the reaction:
24+B — C+D
Experiment [A]mol L* |Bl maolL* Initinl rate of formation of Ly
mal L min®
I 01 0.1 o.010°
I 03 0.2 725107
[l 3 0.4 2.88%10"
1y A [ 24010
Ans.  Determineg the rate law and the rate constant for the reaction.

fa) Refer "Points to Remember”
(b)Forthe reaction2A+B— C+D
Assume rate [aw exprassion as Rate = k[A]"[B]’

According to question,
6.0x107=k(0.1)' (0. 1} ..... (i)
T2x10%=k(0.3y (02" .. (11)
2.88x10'=k(03y (04" ... {111)
240x107=k (0.4 (0.1 ... (iv)
Divide eqi. (iv) by (i) . we get
4=(4) J.a=1
Divide eqn. (iii) by (ii), we gﬂ
=2
22=2) .

Orderwith respectto A=1
Orderwith respecitoB=2
Rate Law=k[A][BT

Dn putting the value of'a’and 'b'i nto any equation say (i)
I 6.0%107 Mmm =k(0.1M) (0.1M)
k=6M" min’"
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Q.9. (a) Derive the general from of the expression for the halflife ofa first order
reaction.
(b) The decomposition of NII, on platinum surface is a zero order reaction,
What are the rates of production of N and F, itk=2.5x10" mol“Ls"?

Ans. (a) 2103 log [[ﬁ]f

%ﬂnl-R]= [Rlu Lh.ﬂﬂ = l.m_

JL [R]m
o b %.%_.'33 X 0.3010
_ 0.693
I e
o LIr] .I&
(b)

1d[NH,] d[NH,] 1 d[H,]

2 di dt 3 d
d A
II;HJ:mm:L:;[NHﬁ]ﬂ =2.5% 107 mol L” sec
t

1 i
7 = 3 o Exz.:ixlﬂ*mu[l."sec'

d[H, |= Ed[jjl’] 3 425%10° = 375 % 10* mol L sec”

= .ﬂi—{"’hh[ﬂﬂ,]ﬁ = 25x10"molL" sec

Rate of production of N,=2.5 x 10" mol L" sec’
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Q.10. (i) Whatis rate constant ?
(ii) On what Factors it depends ?
(iii)In a pseudo first order reaction of hydrelysis of an ester in 1,0, the
following results were obtained:

s a A0 11} S0

Ester (M/L) 0.55 | 031 0.17 | D.OBS

{a) Calculate the average rate of reaction between the time interval 30 to
ol sec.

(b} Calculate the pseudo first order rare constant for the hydroelysis of
ester.

Ans. (i) rate constant(k) of a chemical reaction is rate of reaction when the
concentration of the reactants is unity .
{ii) Rate constant (k) depends upon (i) temperature (ii) order of reaction

(i)
_ 0.17-0.31 E: B
(a) Average rate during 30-60 sec. =————————=4.67x107 mol 1.7 sec
60 - 30
2303 |Al, 2303, 055
(b) ki = Iug[ ]” = log
[A] 30 Toal
2303, 055
M - I
k&n £ (‘rg[“?
. .55
g, 2303, 055
90 0.085

Average k=198 % 10~ sec’
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CASE STUDY BASED QUESTIONS ]

L. Readthe passage given below and answer the questions that follow:
The rate of reaction is the change of concentration of reactant or product with time. The
rate law for the reaction aA+bB—cC+dD the rate law is rate=kAT[B]". The rate of
reaction is caleulated by knowing k, & and b, 'The rate laws are determined experimentally,
During the collisions among two A and two B molecules, doubling the number of either
type of molecule increases the number of collisions to eight. The species temporarily
formed by the reactant molecules as a result of the collision before they form the product is
called the activated compler. The temperatare-dependent rate constant is given by the
Arrhenius equation. In many cases, the sum of a series of simple reactions are called
elementary steps or elementary reactions because thev represent the progress of the
overall reaction at the molecular level. The sequence of elementary steps that leads to
product formation is called the reaction mechanism. The number of molecules reacting in
an elementary step determines the molecularity of a reaction,
{A)  Onwhich ol the following quantities does the rate constant of a reaction depend?

{a) Concentrations of reactants {b) Nature of reactant

{¢) Temperature {dy Allthe above
(B) Instantaneous rate of reaction is measured from the:

{a) graphofltime versus concentration (b} molecularity ofreaction

(c) integration method (d) resctionmechanism ofa reaction
(C} Theorder of reaction is abways defined in terms of:

{a) product concentration (B} rate constant olareaction

{c) reactantconcentration {d} ratio of the product concentration

to the reactant concentration

(D) Thenomber of molecules reacting in an elementary step of a reaction may be:

(a) 1 ) 12 (o) 12 (d) 5
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Read the passage given below and answer the questions that follow:

The inlegrated rate equations can be fitted with kinetic data (o determine the order of a

reaciion. The integrated rate equations for zero and ficst order reaction are;

Zeroorder: [A]=-kt+[A],

Firstorder: log [A] =-ki+log[A],

2303

Thess equations can also be used to calculate the half life periods of different reactions,

which give the time during which the concentration of a reactant is reduced to half of its

imitial concentrationi.e. at imet,, ; [A]=[A],

In the following questions a statement of assertion followed by a statement of reason

is given. Choase the correet answer out of the following choices.

{A)

(B)

(C)

)

a) Assertion and reason both are correct statements and reason is correct
explanation for assertion,

b} Asserlon and resson both are comrect siatements bul resson 1% ool corroet
explanation for assertion.

¢) Assertionis comrect statement but reason is wrong statement.

d) Asgsertioniswiong statement but reason is correct statement.

ASSERTION: Forthe first order reaction the units of rate constant are time .

REASON: The rate of first order reaction remains constant throughout.

ASSERTTON: In zero order reaction, the cone. versus time graph is a straight line.

REASON: The rate of change of concentration per unit time in zero order reaction

remains constant.

ASSERTION: Hall-life period is always independent of initial concentiation,

REASON; Half-life period is inversely proportional to rate constant.

ASSERTION: The slowest step in the reaction is rate determining step.

REASON: Order ol'a reaction is given by rate law expression,
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ANSWERS
1 MULTIPLE CHOICE QUESTION:

1. (2) 2. (8) 3. (a) 4. (a) 5. (d) 6. (b) 7. {a) 8. {¢) 9. (d) 10. {c) 11. ()

12. (a.d) 13. (b) 14.(c) 15. (a) 16. (b) 17. (b) 18. (d) 19. (¢) 20. (d) 21.(d)
N FILLIN THE BLANKS:

1. Pseudofirst 2 Fast 3 Slowest
4, 0.693/k 5 Cannat 6. First, two
7. Activationenergy 8. min’ 9. 0.1 min"

10. Effectivecollisions
I ASSERTION REASONTYPE QUESTIONS:

1.{a) 2..(c) 3. (c) 4. (d) 5. (a) 6. (d) 7. {a) B (d) % (c) 10. {c)
IV ONEWORDANSWERTYPE QUESTIONS:

1. Zeroorder 2. Activationenergy 3. Firstorder reaction
4. Decrease 5 First order 6. Noeffeet
7. Elementaryvreaction &, Second order 9, Increase
1(t. Endothermic I1. Two
12. Rateof Disappestence of H,=-ﬂ‘:;—] 13. 3
14. Zero 15, 10 Ecal/mol
CASE STUDY BASED QUESTIONS:
(A} ¢ (B) a (C) ¢ D) a

2(A) ¢ (B) a (C) d (D)



UNIT TEST-1
CHAPTER -4
CHEMICAL KINETICS
TIMEALLOWED : 1 HR M.M.: 20
1.  Which ofthe following statements is not correct for the catalyst? 1

3

{a) Itealalyses the [orwatd and backward reaction lothe same extent.

(b} Ttalters AGofthe reaction,

(e) Itisasubstance thatdoesnot change the equilibrium constant of a reaction.

{d) Tt provides an alternate mechanism by reducing activation energy between
reactants and produeis,

For the reaction: 5Br (aq) + BrO, (aq) + 6H (agq)}—3Br,{aq}+3H,0(I) 1

Which ofthe following expression is correct for the tate of the reaction?

(a) A[Brj/At=SA[H'J/At (b)  A[Br)/A=6A[H'/5AL

{c) A[BryA=SAH)/6AL {d) A[BrVA=6ATH J/AL

For a zero order reaction will the molecularity be equal to zero? Explain. !

ASSERTION REASONTYPE QUESTIONS

fa) Both assertion and reason are ¢orrect slatements, and reason 18 the correct
explanation of the assertion.

{b) Both assertion and reason are correct statements, but reason is not the correct
explenation of the assertion.

{c) Assertionis correct. but reasonis wrong statement.

{d) Assertioniswrong, bul reason is correct statement.

ASSERTION: The rate of reaction is the rate of change of concentration of a

reaction ora product, 1

REASON: Rale ol reaction remains constant during the course of reaction.

ASSERTION: Rate constants determined from Arrhenius equation are fairly

accurate for simiple as well as complex reactions. 1

REASON: Reactant molecules undergo chemical change irrespective of their

orientation during collision.

(i} Why does the rate ofa reaction increase with increase in temperature? 2

(ii) Why is the probability of reaction with melecularity higher than three very

rare?
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After 24 hours, only 0.125 g out of the mitial quantity of 1 g of a radioactive 1sotope

remains behind. What s its half-life period? 3

A first order reaction is 30% completed in 40 minutes at 300K and in 20 minutes at

320K. Calculale the aclivation epergy of the reaction. 3

(Given: log2=10.3010, log4=0.6021, R=8.314TK 'taol )

(i} Define order of reaction. How does order of a reaction differ from molecularity
[or a complex reaction? 5

(ii) Define instantaneous rate ofreaction

{ii1} WhyH, and O, do not react at room temperature?

{iv) Forwhich type ofreactions, order and molecularity have the same value?
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UNIT TEST-2
CHAPTER - 4
CHEMICAL KINETICS

TIMEALLOWED : 1HR M.M.:20

.

10,

Identify the order of reaction from the following unit for its rate constant: Lmol 's '
(1)
for the reaction, 4NH,+ 50,—4NO + 6H,0 Hrate of formation of NO is 6X 107
atmmin, calculate the rate of formation of 1,0 (1}
Write the relationship between kand |, ; (half life period ) for first order reaction.
(1)
Explain with an exarple, what isa pseudo first order reaction? (1)
Forthe chemical reaction, what is the effect ol a catalvst on the rate constant of the
reaction? (1}
Differentiate between: Average rate and instaniansous rate of a chemical reaction.
(2)
Observe the graph shown in figure and answer the following question. (2}
(a) What is the order of the reaction?
{b) What s the slope of the curve 7

log(IR/R) —*

Show that in case ol first order reaction, the time required for 99 9% of the reaction

to take place is about ten times than that required for half the reaction. {3)
The rate constant of a reaction at S00K and 700 K are 0.025 and 0.07s"

respectively. Caleulate the value of Eaand AL (3)
{1} Answer the following questions {3}

{a) The conversion of molecules A to B follow second order kinetics.
ITconcentration of Ais increased to three times, how will italTect the rate of
formationof B 7

(b) Write the expression of integrated rate equation for zero order reaction.

{11} A first order reaction is 20% complete in 20 minutes. Caleulate the time taken for
the reaction to go to 80% completion {5}



k Elements

< Points to Remember >

Element having partially filled d-subshell in their elemental or common oxidation state.

Zn, Cd and Hg not considered as transition elements as not having partially filled d -
subshell in their elemental or common oxidation state.
General Electronic configuration of the d-block elements is (n-1)d"ns"™.

Outer Electronic Configurations of four d-block series clements.
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[ Enthalpies of Atomisation:
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/- Catalyiic Propeties. \

Alloy Formation —\\
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CGeneral
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/_ Formntion of Toterstitinl Compounds \\

= Sragll-gize of nonimetsls |HL OO M) fit inte the
vouds of coystalline sohd of transition metals and
form interstitial compounds,
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Preparation
Ori- Femochrome or chromite
{Fe0.C0,) or (FeCr,0))

FeCr,0,+4N3,C0, + 70, — &Na,Cr0;+2F5,0,+8CO

{yeliow)

2NA,Ci0 4 0T+ Na,C047Na <TT,0

(arange]

Ni,Cr0, + 2KCI—=K,C50-+2NeCL
besmiie ol e

than potassivm dichromate.

» Chromates and dichromates are
inerconvertible (n aqueous
seluion depending upon pIt of the

solutions.
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4 Feopetice. ™
Sedium and polassium dichromates
‘acidlified, K,Cr,0. will axidise
indides f iodine. sulphides 1o
sulphur, tin (IT) 10 tin (FV) and iron.
{11} salts to iron (111}

Cr,07 + 14 +61 —+2CH+7H.04+31,
Cr,0. <3H,54 81T -2CF +354TILO

chta

Cr,0l + 144380 - 380" 20 T 0
L - v

Uses \
(8} B,Cr.0, is used ns
oxidizing agent (n
(k) 1t iz used in mordant
dyes, leathet industy.
photography ([or hardening
of fitm),
() It iz nged in chromyl
' chloride teut.
(d) It Is used in cleaning

L
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The Inner Transition Elements (I-Block)

The Fhlock ¢onsists of the two series, lanthanoids and actinoids. Lanthanoids are
kmown as rare earth metals and actinoids are knmown as radicactive eclements
(Thtie Lr).

LANTHANOIDS:
Greaeml electonle configumtion [Ke] 40, 54
fie”

T o ACTINOIDS;

* Atomic and lonic size from left 1o right, » General electronic-configurstion [Rn] 58 6d™. 74"
decieasen due fo inceesse inauokear
charge. This is knowa a3 lanthanod

® Actinmids exhibin g Tange of oxgdetion

comtrRetion,

o All fhe lanthannids are silvery white soft
rriatals @il farnigh rapidiy in air,

states dlis to comparable sneries of 55
& and 7z arbitals. The genral oxidation

stute of actinoidd is + 3.
® Mooy rivatent lanthanoid 1ons are ® All he actingids e sttong redicing
volowred Bothin the solid state and in : ;
agents and veTy reacty
aqueons solutions, Meither Ls™ nor Lu™ i

[nn shows any colour s the resr do 50
® The lanthanoid iung other than the 7

type(La” imd Ce™) and the £ type

® Actinoids also reset with oxygen,
halogen, hydrogen and sulphir, ete, Tike

lanthannids.
(¥t" and Lu™) are sil peramagnetic. The * Actinoads sre sadioactive in rature and
FATBMAENCSNT ATises 1o mAaximum in therefore, it is difficulr to study their
mead ra, Lot
Al pamire.
» Oxidation states-+Ce’™; {Some

elements) i5 favoured by its notle zas
confignmtion, but if ia'a strong oxidan
Teverfing to fhe common+3 sats The 51 glactrons are mare
Elvalus for Ce' /06" s +1.47 V, the efiectively dhislled from nuclear chatps.
reaction rate 12 very show and hence,
Cel1¥V) i a good analytical reagent. Pr, Nd,
Th snd Dy also cxchibit + 4 state but only in
oxides. Bu' iz formed by losing the twa s
elecirons and irs T 7 configuration sccounrs
Tor the Dorenation of thig i, Iowewer,
Eu™ f5 a bfrong reducing ageat changing
to-the eommen 4 3 state. Slmilarky, Y
which has £ confipuretion 5 8 reducrant;
Th' lizs htf-filled f-orbitals and is an
oxidant.
& Msch metals, contatn laatienonds about
Q08585 (Ce 40-5%, Lanthginum and
nedyminm 444} won-£ 5%, calemm,
carbon and silicen. used in cigrate and
gan lighters, toys, tank and tracer ballets,

® Actmond contacthion 15 greetst than lanthenoud
contraeiion from elemeat (o element becayge
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OBJECTIVE TYPE QUESTIONS

MULTIFLE CHOLCE QUESTIONS
The characteristics of transition metals which is not responsible lor formation of the

complex ionis:

{u) Presence ofunpaired electron in d-subshell

{b) Presence ofpaired electrons in d-subshells

(¢) Providing vacant d-orbitals

{d) Havinghigh charge/size ratio

The correct electronic configuration of copper atom is:

(a) 3d"4s’ ()  3d"4s’

(¢) 3dds (d) 3d4s’dp’
Maximum number of unpaired electrons arc in ;

fa) Cr{Z=24) (by Mmn(Z=25)
(c) Fe™'(Z=26) (d) Co{Z=2T7)
Manganese exhibits maximum oxidation state in:

fa) K,MnO, (b)  KMnO,

(¢) MnO, (d)  NMn,O,
General electronic configuration of d-block elementsis :
(a) (n-1)d'""ns* (b) (n-1)d""ns"
f¢) (n-1)d"""ns’ (d) (n-1)d""ns'

Electronic configuration of d-bloek element 'X' in +3 oxidation state in [Ar] 3d°.

Atomic number of "X'15;

{a) 25 (by 26

(c) 27 (d) 24

Cr,0,” dissolves in aqueous NaOH to give:

(a) CrO.” (b) Cr{OH),

(¢) Cr,0, (d) Cr{OH),

The electronic configuration of gadolmum (At. No. 64) is:
fa) [Xe]4f"s5d 65" (b) [Xe]4r 5d' 65’

(¢) [Xe]4f 5d'6s’ (d) [Xe]d4r*sdes"
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On addition of small amount of KMnO, to concentrated H,80,, a green oily

compound is obtained which is highly explosive in nature, Identifv the compound

from the following,.

fa} Mn,O, () MnO,

ic) Mn0O, fd)  MnO,

Which of the following oxidation state is common for all lanthanoids?
(a) +2 (b) 43

fc) +4 fd) +3

When KEMn0, sclution is added to oxalic acid solution, the decolourisation is slow
in the beginning but becomes instantaneous after same time because;

{a) CO,isformed asthe products

{b) Reactionisexothermic

{c) Mn0O), catalysisthe reaction

(d) Mn" actsasautocatalyst

EMn0O, acts as an oxidising agent in acidic medium. The number of moles of

EMn(), that will be needed to react with one mole of sulphide ions in acidig

solution is:
(a) 2/5 by 3/3
(¢} 4/5 (d)y 1/5

Which of the following are amphoteric oxides?
fa) V.0, Cr0,

(b) Mn,O..CrO,

{e) CrO,V,0,

(d) V,0,, V,0,

The magnetic moment 1s associated with its spin angular momentum. Spin only
magnetic moment value of Cr™ 100 i8.isiinne
(a) 287B.M.

(b) 3.87B.M.

{c) 347B.M.

(d) 357B.M.
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15.

L6,

17.

18.

Wooe = ooy th B b oma R

_.d
=

Generally transition elements and their salts are coloured due to the presence of
unpaired electrons in metal ions. Which of the following compound is coloured?

(a) KMnO, (h)  ZnS0,

(e) TICl, (d) Cu,l,

Transition elements show magnetic moment due to spin and orbital motion of

electrons. Which of the following metallic ions have almost same spin only

magnetic moment?

(@ Co®.Cr" (b) Cr .Mn"

(¢) Mn",Co™ fd) Co™.Cr"

Which of the following actionoids show oxidation states upto+ 77

(a}) Am (b} Pu

(e} U (d) Th

Which ofthe following ions show highest spin only magnetic moment value?
(1) T (b) Mn"

(¢) Fe” (d) Co”

FILLIN THE BLANKS

Hybridisation of Crin Chromate ionis............e...

Maximum oxidation state exhibited by Mnds................
Electronic configuration of Cris...............

Theoretical magnetic moment (spin - only) of Ti™ ion is.................
Theequivalent weight of K,Cr,0. mn acidic medium is........oe
Lastelementin the actimide seriesis................

The general electronic configuration of d — block elementsis.............c..
Thecolourof KMnO, isdueto.. ..o

Qutof Sc™and Sc™ion, ..o, is paramagnetic in nature,

The pxidation state of Mn in K,MnQ, 18 ..o
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ASSERTION REASON TYPE QUESTIONS

In the following questions a statement of assertion followed by a statement of

reason is given. Choose the correet answer out of the following choice.

(u) Both assertion and reason are True, and reason is the correct explanation of the
assertion,

(b) Both assertion and reason are True, but reson iz not the correct explanation of
the assertion.

{g) Assertionistrue, butreason is false.

(d) Assertionis false, reason istrue.

ASSERTION : Scdoes not show variahle oxidation states,

REASON : 5¢ has only one electron in the 3d subshell.

ASSERTION : Separation of Zr and Hi1s difficult.

REASON: Because Zr and Hf lie in the same period of the periodic table,

ASSERTION : Actincids form relatively less stable complexes as compared to

lanthanoids.

REASON: Actinoids can utilise their 5f orbitals along with 6d orbitals in bonding

but lanthanoids do notuse their 4f orbital for bonding.

ASSERTION : Cu cannot liberate hydrogen from acids.

REASON: Because il has positive electrode potential,

ASSERTION : The highest oxidation state of osmiwm 15 + 8,

REASON: Osmium is a 5d element.

ASSERTION : Mighest oxidation state is exhibited by transition metal lying in the

middle of the series.

REASON: The highest oxidation state exhibited corresponds to number of (n-1)d

clectrons.

ASSERTION : Fe"' is more stable than Fe'

REASON: Fe'" has 3d" configuration while Fe™* has 3d° configuration,

ASSERTION : Vanadium has the ability to exhibit a wide range of oxidation

states,

REASON: The standard potentials Vanadium are rather small, making a switch

between oxidation states relatively easy.

ASSERTION : Trunsition metals like Fe, Crand Mo form axyions.

REASON: Oxvgen is highly electronegative and has a tendency to form multiple

bonds.

ASSERTION : The highest oxidation states of the 3d metals depends only on

electronic configuration of the metal,

REASON: The number of electrons in the (n-1)d and ns subshells determine the

oxidation states exhibited by the metal.

ONE WORD ANSWERTYPE QUESTIONS

Which element in 3d series shows highest number of oxidation states?

Out of cuprous and cupric ions which is coloured?

Out of Zn and Crwhich is havimg higher first ionisation enthalpy?

Give general Electronic configuration of actinoids.

Name the element of 3d series which does not exhibit variable oxidation state.
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Q1.

0.2
Ans;

Q.3.
Ans.
Q..
Ans.

Q.5.
Ans.

Q.6.
Ans.

Q7.
Ans,

Q.
Ans.

Q.9.
Ans.

What is the equivalent mass of KMnO, in alkaline medium.
What is the maximum oxidation state shown by actinoids.
Out of CuCl, and Cu,Cl,which is more stable?
Whatis the cause of similar size of Zr and HE?
| VERY SHORT ANSWER TYPE QUESTTONS (1 Mark)
Explain CuS0,.5H,0 isblue while CuS0, is colourless ?

. Because waler molecules act as ligands and results in erystal feld spliting of

d-orbitals of Cu®" jon.

Which transition element 3d series exhibit highest oxidation state 7
Os

In 3d series (Scto Zn). the enthalpy of atomization of Znis low. Why ?
Due to absence of unpaired elecirons.

Which element among 3d series exhibit only one oxidation state 7

S

Why is the 3rd ionization energy of Mn (Z.=23) is unexpectedly high 7
Due to half-filled electronic configuration.

Define alloy.

Allove are homogeneous solid solutions of two or more metals.
Transition metals show zero oxidation state with ligands like CO. Explaim,
CO form svnergic bonding with metal ion.

Why HCl can not be used to acidify KMnO, sohition 7

Becaose KMnO, oxidize HClinto Cl,.

MNameone oreol MnandCr.

Mn; MnO, Cr:FeCr,(),

Q.10. Why Mn™ compounds are more stable than Fe' compounds towards oxidation to

Ans,

their +3 state ?

Mn™ has half-filled electronic configuration (d').
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Q.11. Why do transition elements show variable oxidation states 7

Ans. Duetopresence of partialfy filled (n-1)d subshell in addition ofns subshell.

Q.12. Write any uses of pyrophoric alloy.

Ans, Malong bullets, shells and ligher flints.

Q.13 Which is more basic - La{OH), or LufOH), ? Why ?

Ans. La(OH},, due to lanthancid contraction, lower size, more covalent character, least
basic.

Q.14 Find out number of Cr - O - Crbond/bonds in Cr,0." ton.

Ans. |

Q.15. Why is Ce™ in aqueous solution a good oxidizing agent ?

Ans. Because Ce is most stable in Ce® state in aqueous solution.

). 16. Whatis lanthanoid contraction ?

Ang. The regular steady decreage in the atomic or ionic radii of lanthanoids with
increasing atomic number,

Q.17. Why is Cu (Z=29) considered a transition metal ?

Ans, Duetoitspartially filled d-orbital in Cu™ state.

.13, Arrange the given in mereasing order ofacidic character : CrO,. CrO, Cr,(,.

Ans, CrD,<Cr0=Cr,0,

SHORT ANSWER TYPE QUESTIONS (2 or 3 Marks)

Q. 1. Chromium is typical hard metal while mercury 15 a liquid, Explam why ?

Ans. Cr has five unpaired d-electrons. Hence metallic bonds are strong. In Hg, there is
abzence of 'unpairad electrons and size is larger.

(2.2, Why KMnQ, is deep purple in colour?

Ans, KMnO, forms charge transfer complex,

Q.3. Most of the transition metals do not displace hydrogen from dilute acids, why 7

Ang, Due to theirnegative reduction potential.
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Q.4. Explain why Cu'is notstable in aqueous solution ?

Ams. Duetoless negative A, J of Cu'/it cannot compensate 2nd ionization potential of Cu.

(3.5, Why iz the highest oxidation state of'a metal exhibited in its oxide or fluoride only 7

Ans, Oxygen and fluoride have small size and high électronegativity. They can oxidise
the metal.

Q.6. Write electronic configuration of Cu™ and Co™,

Ans. Cu''—[Ar]3d’ 4s® Co®™-[Ar]3d’

Q.7. Briefly explain why electronic configuration of lanthanoids are not known with
certainty ?

Ans, 41/5d subshells are very close in energy, So electrons can jump from 41 to 5d or
vice-versa.

(2.8, Why Zn. Cd, Hg are soft and have low melting point 7

Ans. Due o weak intesalomic atiraction/absence ol unpaired electrons.

Q.9. Which of the following is/are transition elementand why ? Zn. Cd, A g. Fe.Ni

Ans. Fe Ni.Ag

0.10. What are interstitial compounds ? Give example.

Ans. When small atoms like C, 1L B and N occupy interstitial site in crystal lattice of
metals.
Example: TiC.

(Q.11. Why is first jonization enthalpy of 5d elements higher than those of 3d and 44
clements ?

Ans. Due fo greater effective nuclear charge acting on oufer most electrons because of
poor shielding of 47electrons.

.12 Explain 'Misch metal' and write its use.

Ans. Itis an alloy of 95% lanthanoid and 5% iron and traces of 8, C, Ca and AL Used in
lighter flint, bullet tips ete.

(2.13, Write balanced chemical equations
(a) Cr0,+H+Fe"—
(b) MnO,+H+C,0;—

Q.14. Outof Fe and Cu., which one would exhibit higher melting point ?

Ans. Fe, duetolarge number ofunpaired d-electrons/mors interatemic atiraction.
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(.15, Scdoes not exhibit variable oxidation state, Why 7
Ans. Due 1o noble gas elecironic configuration in + 3 oxidation state no other exidation
stateis stable.

Q.16.(a)
(b)
(c)
Ans, (a)
(b)
(c)
Q.17.(a)
(b)
(c)
Ans, (a)
(b)

(c)
Q.18. (1)

(b)
Ans. (a)

(b}

Deduce the number of 3d electrons in the following ions : Cu™', 8¢™

Why do transition metals form alloy ?

Why Zn" salts are white 7

Cu”:9eclectrons  :Sc™:0electron

Transition metals have similar atomic radii.

Absence ofunpaired electron.

Why is separation of lanthanoid elements difficult 7

Transition metal exhibit higher enthalpies of atomization, Explain.

Why the transition metals have ability to form complexes?

Due to lanthanide contraction, the size of these clements isnearly same.
Transition metal contain large number of unpaired electrons, and they have
strong mteratomic atiraclions.

Due to their small size and large nuclear charge,

Use Hund's rule to derive the eleetronic configuration of Ce™ ions and
calculate its magnetic moment.

Is lanthanum a f-block element ?

Ce(5R)=[Xe]4P5d" 68" Ce™ =4F , u=1.73 BM p=\n(n+2)

No. it is a d-block element.

Q.19 Account for the following ;

(a)
(b)
(c)
Ans, (1)
(b)

(c)

Silver chloride dissolves in cxcess of NH,.

Cuprous chloride 15 dismagnetic while cupric chloride 15 paramagnetic.
InCr0,” ion. all the Cr-O bond length are equal.

Agl] forms a soluble complex with NH,. ( AgCl+ 2NH,—[Ag(NH,),|CL)

Cu' ; 3d" 45° - All electrons are paired. Cu’ ; 3" - Tlere, one unpaired
electron is present.

Dhie to resonance,

(0.20. The E’ values in respect of electrodes of Cr. Mn and Fe are : CF'/Cr" =- 04 V
Mn"/Mn* =+ 1.5 V Fe"/Fe® = + 0.8 V Compare the feasibilities of further
oxidation of these ions

Ans. Cr' is more stable than Cr”', Mn™ is more stable than Mn™, Fe™ is more stable
than Fe"'. Order of feasibility of + 2 oxidation state is : Mn" = F&"' > Cr"
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.21, Write anyv tour properties of interstitial compounds.

Ans. (a)
(b)
(c)
(d)

They are chemically inert.
They retain metallic conductivity,
They have high melting point than their pure metals.

These are harder and more corrosion resisiant.

(2.22. Account for the following :

()
(b)

()
Ans. (a)
(b}
(c)

Q.1. (a)
(b}
(c)
Ans. (&)

(b)

(c)

All Scandium salts are white.

The first iomization energy of the 3d series are higher than 3d and 44 transition
elements in respective groups.

Ce” can be easily oxidized to Ce™”',

5S¢ hasonly = 3 oxidation state. there is no unpaired electron.

Due to lanthaneid contraction, effective nuclear charge increase.

Due to attainment of noble gas electronic configuration.

| LONG ANSWER TYPE QUESTIONS (5 Marks)

What 1s meant by disproportionation of an oxidation state 7 (Give one example.
Draw the structures of Cr,0.", Cr0,", MnO, .

What 15 the effect oflanthoid contraction beyond lanthanoid 7

When any atom or ion undergo oxidation and reduction simultaneounsly it is

called disproportionation.

2Cu"— Cu™ +Cu
ﬁ ﬁ lc1:IJ ﬁ
Ok,
cr” Cr et Mo~ -
% Z N0 L
oy L LY

size of respective 4d and 3d series clements becomes comparable
(e.g., Zrand HI).
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(On the basis of lanthanoid contraction, explain the following:

(i) Nature ofbondingin La,0,and Lu,O,.

(ii) Trends inthe stability of oxo salts ot lanthanoids from Lato Lu.

(iii} Stability ofthe complexes of lanthanoids.

(1v) Radii of4d and 5d block elements.

{v) Trends inacidic character of lanthanoid oxides.

(i) s the size decreases covalent character increases. Therefore, La,(), is more
1ionic and Lu, 0, 15 more covalent.

(ii) Asthesize decreases from La to Lu, stability ol oxosalts also decreases,

(iii) Stability of complexes incrgases as the sizeg oflanthanoids decreasss.

(iv} Radiiof4dand 5d block elements will be almost same.

(v} Acidiccharacter of Oxidesincreases from Lato Lu

(a) Answerthe following questions:

(i) Which element of the first transition series has highest second ionisation
enthalpy?

(i1) Which element of the first transilion series has highest third ionisation
enthalpy?

(iii) Which element of the first transition series has lowest enthalpy of atomisation”

(b} Identify the melal and justily your answer,

(i) Carbonyl M{CO),

(i) MO,F

(s)

(i) Cu, because the electronie configuration of Cu is 3d"4s'. So second electron
needs to be removed from completely filled d-orbatal,

(it) Zn|[Hint:Asabove],

(iii) Zn[Hint: No unpaired electron for metallic bonding]

(b) (i) Fe(CO),

(i) MnO.F [Hint : Mo shows + 7 oxidation state: d-electrons are not involved in

bonding. ]
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Ans

(i)
(a)
()
()
(i)
{2)
(b)
{e)

(i)

(b)

(€)

(ii)

(b)

(c)

How would you account for the following?

The oxidising power of oxo-anions are in the order VO*' < Cr,0,' <MnO,

The third ionisation enthalpy of manganese (Z = 25] is exceptionally high.

Cr” isastronger reducing agent than Fe™

Give reasons for the following:

Mn™ is a good oxidising agent.

E*(M™/M) values are not regular for first row fransition metals (3d-secies),
Although F*is more electronegative than '0' the highest Mn fluoride is MnF,,
where as the highest oxide is Mn,0, reducing agent than Fe™'.

(e) It is due to the fact that V in its lower oxidation state is less stable than Cr
which in turn is less stable than Mn. Thus. MnQO, has a great tendency to get
reduced and hence. behave as a good oxidising agent. Similary VO™ has the
least oxidising power.

The third ionisation enthalpy of Mn is very high due to the fact that the third
eleciron has Lo be removed from stable half-filled configuration, i.e., 3d".

Cr” is stronger reducing agent than Fe™ beeause d* — d transition oceurs
in case of Cr' to Cr'" while d* — & transition occurs in case of F&'' to
Fe™. Ina medium like water d’ is more stable as compared to d”.

(a) Mn" (3d") is a good eleciron acceplor as the resulting species is more
stahle (3d7).

The E'(M*/M) values are not regular which can be explained from the
irregular variation of ionisation enthalpies (AH, + AH,) and also the
sublimation enthalpies which are relatively much less for Mo and V.

Due to multiple bond formation ability of oxygen. Mn can form Mn, 0,

The elements of 3d-transition series are given as:
SC,Ti,V,Cr,Mn,Fe,Co,Ni,Cu, Zn
Answer the following :

(1)

(i)

Name the element which shows maximum number of oxidation states. Give
TEASOL.

Which element has the highest melting point?

(iii) Name the element which shows only + 3 oxidation state?

{iv) Which elementis a strong oxidizing agent in+ 3 oxidation state and why?
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(I) Mn. It has maximum unpaired electrons.

(ii) Cr

(iii) Se

(iv) Manganese. Mn™ to Mn" results in the stable half filled (d”) configuration,
On the basis of the figure given below, answer the following questions:

-
s
T,

" o Wl

/ e
il ﬁh{“\“\':
A’ v 2 i\

il J

; N, 3
e -
. W

Advnmn ety

(i) Why Manganese has lower melting point than Chromiun.

{11) Why do transition metals of 3d series have lower melting points as compared
toddseries ?

{ii1) In the third transition series, identify and name the metal with the highest
melting poimt.

{iv) Which element is a strong oxidizing agent in + 3 oxidation state and why?

(i} Managnese is having lower m.p. a3 compared to Chromium, a5 it has highest
number of unpaired electrons, strong interatomic metallic bonding, hence ne
delocalization of electrons,

{ii) Due to more frequent metal-metal bonding in compounds of heavy transition
metals i.e.4d and 5d series.

(iii) tungsien

| CASE STUDY BASED QUESTIONS

Read the passage and answer the following questions.

Potassium dichromate 1s one of the crystalline inorganic chemical reagents,
Hexavalent chromiwn compounds are harmful to health. K,Cr,0, is widely used
in laboratories and industry as an oxidizing agent because it is not deliquescent.
Potassium dichromate looks very bright and red-orange color. In this work different
amount of acidic (HCI) and alkaline (NaOIl) solutions were added to stoke
golutions of K,CrO, and K,Cr, 0. to show the effect of pH values on their spectra.
The results of UV-Visible spectroscopy shows that, the changing of solution pH
value when drops of HCI were added led to shift wavelength of K,CrO, spectrum
while no change has been occurred in K,Cr,0, spectrum. However, Changing pH
values solution by adding drops of NaOH led to change in wavelength red shift for
K, Cr,0, while no changes has been oecurred in spectrum of K,Cr0,,

Reference: Effect of the Acidic and Alkaline Solutions on K,Ce0, and K,Cr,0,
by Ultraviolet and Visible Measurement Mohammad Radi Mohammad,
Hasanain Saad Azeez® Al-Mustansirivah Journal of Sience ISSN: 1814-635X
{print), [SSN:2521-3520 (online) Volume 30, Issue 1,2019,221-224
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(A)

(B)

(C)

(D)

The hybridization of Crin dichromate ion is :

{a) d'sp’ (b) sp’

() dsp’ (d) sp'd

Colour ot potassium dichromate is :

{a) purple (b) green

{c) wellow (d) orange
Chemical formmia of ferrochrome is

{a) FeCrO, (b) FeO.Cr,0,
(c} Fe,CrO, {d) Noneoftheze
On increazing pll of dichromate, it converts in ;
(a) Cro? (b) Cr,O}

(c) Cr0,' (dy CrO,

Read the passage and answer the following guestions.

Heavy rare earth elements crystallize into hexagonally close packed (h.cp.)
structures and share & common ouler electronic configuration, differing anly in the
number of 4/ electrons they have. These chemically inert 4f electrons set up
localized magnetic moments, which are coupled via an indirect exchange
mnteraction involving the conduction electrons. This leads to the formation ofa wide
variety of magnetic structures, the periodicities ol which are often inconmmensurale
with the underlying crystal lattice. Such incommensurate ordering 5 associated
with a 'webbed' topology of the momenium space surface separating the oceupied
and unoccupied electron states (the Fermi surface). The shape of this surface—and
hence the magnetic structure—for the heavy rare carth elements is known to depend
on the ratio of the interplanar spacing ¢ and the interatomic, intraplanar spacmy a of
the h.cp. lattice. A theoretical understanding of thas problem is, however. far from
complete. Here, using gadolinium as a prototype for all the heavy rare earth
elements, we generate 4 unified magnetic phase diagram, which unequivocally
links the magnetic structures of the heavy rare earths to their lattice parameters. In
addition to verifying the importance of the ¢/o ratio, we find that the atomic unit cell
volume plays a separate, distinct role in determining the magnetic properties: we
show that the trend from ferromagnetism to incommensurate ordering as atomic

number increases i= connacied to the concomitant decrease in unit cell volume. This
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volume decrease ocours because of the =o-called lanthanide contraction, where the

addition of electrons to the poorly shielding 4f orbitals leads to an increase in

effective nuclear charge and, correspondingly, 8 decrease in ionic radii.

Reference:

Lanthanide contraction and magnetism in the heavy rare earth elements.
Hughes, I.. Dane, M., Ernst, A. et al. Nature 446.,650-633 (2007).

https://doi.otg/10.103 8/ nature 03668

Rare earth elements are aiso called :

{a) Actinoids (d} Lanthanoids

fc) Alkali metals {d)y MNonegofthese

Radicactive lanthanoids is:

(a) Pm by Ce

(c) Nd (d) Er

Cause of lanthanoid contraction is :

(a) poorshiclding of 5forbitals (b) poorshielding of4f orbitals

{¢) poorshielding of 6f orbitals (d) Allofthese

The common oxidation state of lanthanoidesis;
{a) +4 by +3
(e} +2 {dy +1
Read the passage given below and answer the following questions:
The d block elements are the 40 elements contained in the four rows of ten columns
(3-12) in the periodic table. As all the d block elements are metallic, the term
d-block metals is synonymous. This set of d-block elements is also often identified
as the transition metals, but sometimes the group 12 elements (zinc, cadmium,
mercury) are excluded from the transition metals as the transition elements are
defined as those with partly filled d or f shells in their compounds. Inclusion of the
elements zinc. cadmium and mercury is necessary as some properties of the group
12 elements are appropriate logically o include with a discussion of fransition
metal chemisiry.
The term transition element or trapsition melal appeared to derive from early
studies of periodicity such as the Mendeleev petiodic table of the elements, His
horizontal table of the elements was an attempt to group the elements together so
that the chemistry of elements might be explained and predicted. In this table there
are eight groups labeled 1-VIII with each subdivided into A and B subgroups.
Mendeleev recognized that certain properties of elements in. Group V111 are related
to those of some of the elemenis in Group VII and those at the start of the next row
Group L. In that sense, these elements might be described a5 possessing properlies
transitional from one row ol the table to the next.
Reference: Winter, M. 1. d-Block Chemistry (Fol 27). Oxford University Press.
USA)
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In the following questions, a statement of assertion followed by a statement of

reason is given, Choose the correct answer out of the following cholces on the

basis of the above passage,

{a) Assertion and reason both are correct staternents and reason is  correct
explanation for assertion.

(b} Assertion and reason bolh are correct statements bul reason is not correct
explanation for assertion.

{c) Assertion is correct statement but reason is wrong statement,

(d) Assertionis wrong statement but reason is correct stalement.

(A) Assertion: Group |2 elements are notconsidered as transition metals,
Reason: Transition metals are those which have meompletely filled d sub-shell
in their compounds. '
(B) Assertion: All d block elements are metallic in nature.
Reason: The d—block elements belong to Group 3-12 of the periodic table,
{C) Assertion; Nickel is 4 transition element that belongs to group 10 and period
4 of the modern periodic table.
Reason: Electronic configuration of nickel is [Ar] 3d"s’
Read the passage given below and answer the following questions:
The transition metals when exposed (o oxygen al low and inlermediate
temperatures form thin, protective oxide films of up to some thousands of
Angstroms in thickness. Transition metal oxides lie between the extremes of ionic
and covalent binary compounds formed by elements from the left or right side of the
periodic table. They runge from metallic to semiconducting and deviale by bath
large and small degrees from stoichiometry. Since d-clectron bonding levels are
involved, the cations exist in various valence states and hence give rise to a large
number of oxides, The crystal structures are often classified by considering a
cubic or hexagonal close-packed lattice of one sel of ions with the other set ol
ions filling the octahedral or tetrahedral interstices. The actual oxide structures.
however. generally show deparmures from such regular arrays due in part o
distortions caused by packing of ions of different size and to ligand field effects.
These distortions depend not only on the number of d-electrons but also on the
valence and the position of the transition metal in 4 period or group.
Reference: Smelizer, WW., & Young, D. 1. (1975). Oxidation properties of
transition metals, Progress in Solid State Chemistry. 10,17-54.)
In the following questions, a statement of assertion followed by a statement of
reason is given. Choose the correct answer out of the following choices on the
basis of the above passage.
{a) Assertion and resson both are correcl slalements and reason is correct
explanation for assertion.
{b) Assertion and reason both are correct statements but reason is not correct
explanation for asseition.
(c) Assertionis correct statement bul reason is wrong stalement,
{d) Assertion is wrong statement but reason iz correct statement.
(M) Assertion: Cations of transition elements occur m vanous oxidaton stares
Reason: Transition metals are those which have incompletely filled d subshell in
their compounds.
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Assertion: Crystal structure of oxides of (ransition metals often show
defects.

Reason: Ligand ficld effect cause distortions in crystal structures.

Assertion : Transition metals form protective oxide films,

Reason: Oxides of transition metals are always stoichiometric,

Assertion: CrO erystallises i a hexagonal elose-packed array of oxide ions
with two out of every three octahiedral holes occupied by chromimm ions
Reason: Transition metal oxide may be hexagonal close-packed lattice of
oxide ions with metal ions filling the octahedral voids.

ANSWERS

MULTIPLE CHOICE TYPE QUESTIONS

L. B

2 b
1I0.b 11.d 12.a 13.a 14 b 15 a I6.d 17.b 18 b

2 a . b 4. b 5. b 6. b 7.a
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ONE WORD TYPE QUESTIONS

1. Mn 2. Cupric 3. Zn 4. 5 ™Med™ 74 5, Se
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Da
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UNIT TEST-1

d- and 1= block Elements

Time Allowed: 1 Hour Maximum marks: 20
1. Whichelement among 3d-ransition elements, exhibit the highestoxidationstate? 1
2. Name the transition element which has highest E(M"/M) value 1
3. Calculate the magnetic moment of Cu” (Z = 29) on the basis of "spin-only”

formula, l
4,  Name a transition element which does not exhibit variable oxidation state in 3d

series, 1
5. Write the general electronic configuration ot d-block elements. 1

6. Write balanced chemical equations for:

{a) OxidationofFe' by Cr,0,” inacidic medium

(b) Oxidation ofMn" by MnQ, inneutral or faintly alkaline medium. 2
7, Account for the following:

{a) Coppershowsits inability to liberate hydrogen gas from the dilute acids.

(b) Scandium{Z=21)does not exhibit variable oxidation states. 2
8, Explainlanthanoid contraction with its consequences, 2
9, Assignreasons for the following: 3

(a) Majority oftransitionmetals form complexes.
() Ce™ canbe easily oxidised to Ce",
(¢} Actinoids exhibits a variety of oxidation states.
10. Describe the preparation of potassium permanganate (KMnO,), from MnO,. Write

the chemicalequations involved in the synthesis, 3

Lad

11. Explain giving reasons:
{a) Zn.Cdand Hgare notconsidered as transition metals,
(b} Elements inthe middle of transition series have higher melting points.

{¢) The decrease in atomic size of transition elements in a series is very small.
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UNIT TEST-2
d- and 1= block Elements

Time Allowed: 1 Hour Maximum marks: 20
1.  Explain-zincisnotregarded is transition element. 1
2. Name alanthanoid well known to exhibit +4 oxidation state. 1
3. OutofSc”,Co’' and Cr' ions, which ionwill be colourless in aqueous solutions?

{Atomicno. : Co=27, Sc=211 and Cr=24)

4, Write general electronic configuration of lanthonoid series.
Why Zr(Z=40) and Hi{Z=72) shows similar properties?

6.  Name the 3d elementwhich:

3 = e

a)l Doesnotexhibit variable oxidation state

b)  Exhibits highest oxidation state

¢) Hashighestspin-only magnetic moment in +2 oxidation state
d) THashighest E°(M* | M) value.

T Write any two differences between lanthanoids and actinoids.

2 Explain disproportionation reaction giving one example of a compound/ion
containing transition element, 2

9.  Explain following in context of transition elements:

a) IMighenthalpyofatomisation
b) Catalytic activity
¢) Coeloured complexes

10.  Write balanced chemical equations for the following reactions: L
a) MnO, +5,0+H,0—

b) Cr0}+8n™+4I'—
¢) Fe'+MnQ,+8H—

11. When MnO, is fused with KOH and KNO, (oxidising agent) it gives a dark
compound (A). Compound (A) disproportionates in acidic solution to give purple
coloured compound (B), An alkaline solution of compound (B) oxidises KI to
compound (C), whereas an acidified solution of compound (B} oxadizes KI to (D).
Identify A, B, C and D and write reactions involved, 3
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dination Compounds

< Points to Remember >

e )

Introduction : Coordination compounds are those

molecular compounds which retain their identify in solid as well as in
solation
Example.
K.[Fe(CN),| + H,0 — 4K’ (ag) + [Fe(CN),|* (aq)

: (I) Anionic complex
K,[Fe(C,0,),] — 3K+
[Fe(C,0,).]"

; Anionic complex

(i) Cationic complex
[CoCl{en),] C1 —
[CoClen),]" + CI
~ Carionic complex

{iii) Neutral complex

[Ni(CO),]
Neutral complex

Ligands
The ions or molecules bound to the central atomdion in the coordination
entity are called ligands.




P N

Unidentate :
A ligand which is bound
to a metal ion through a
single donor aton,

¢.g., H,0, NH;, CO, CI,
NH, etc

-

'
Polydentate :

A ligand which is bound
1o a metal ion through
several donor atoms.
e ethylenediamine
tetraacetate ion

Types of
Ligands

/—Bjﬂuﬂute :
A ligand which is bound
e a metal 1on through

twio donor atoms.

Example:

~

Ambidentate ligands,

through one site only
&g, -NO, & -ONO
SCN & SNC

\[ﬂi & NC

which can bind through two
different donor sites but binds

N

J

" Chelate ligands: These may be a di- or polydentate ligand which form closed
ring with central metal ion. Complex such formed are known as chelate complex.
More the mumber of chelate ring
in complex, complex will be more stable, The number of such
ligating groups is called the denticity.




Homoleptic Complexes Heteroleptic Complexes

Complexes in which ametal is bound | Complexes in which 4 metal is bound
to only one kind of donor groups are |to more than one kind of donior groups
known as homoleptic. are known as heteroleptic.

e.g..[Co(NH,),]" e.g. [Co(NH,),CL]"

'fllF\Iomenc lature of Coordination Cumpnunds_;

Neutral Complex | Anionic Complex
[PHNIL),CINO, )] K,[Fe(CN),]
Driamminechloddonitrito - N - platinum Postassium hexacvanstofermie
(IT) (111) )

(1} Name of ligands inalphabetical order (Ty Name of ionisable metal
(IT) Central metal atom and oxidation (II)Nanic of ligand in
| Btade ) alphabetical order
(1T} Central metal alom + ate and

| oxidation state

Cationic Complex

[Cr(NH,)(TL0),ICl,

Triamminetriaquachromium(II) ehloride

1. Prefixes mono, di, i, ete, ore used (o indicate the number of
the individual ligands and ligands are named in an alphabatical

order,
2, Central metal atom and oxidation state indicated by Rorman
mumztals in parenihesis.

3 Mume of 1onisable nnion.




Isomerism in Coordination Compounds

| Mote: Stereo isomerism and structural isomerism are the two principal tvpes

of somerisms which are known smong coordination compounds.

Stereo Tsomerism
It occurs due to different arrangements of ligands around central metal atom, Tt
is of two types

Geometrical

Optical Isomerism.
Isomerism

Optical Tsomerism

o It arises when mirror images cannot be supenmposed on one another. These
mirror images are called as enamtiomers. The two forms are called dexiro (d)
and laevo (1),

o Optical isomerism i1s common in octahedral complexes but at least one
didentate ligand must be present.

e.g. [Cofen),]", [PICl,(en),]"ete.
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Geometrical Isomerism

It arises in heteroleptic complexes due to different possible geometric arrangements
of the ligands. Important examples of this behavior are found in square planar and
ociahedral complexes.

Square planar complex of
formula [MX.L,] (X and L are
unidentate), The two ligands

Square planar complex of

the type [MABXL](where

) A, B, X L are unidentates )
X may be arranged adjacent to .
, o shows three 1somers - two

gach other in a ¢is isomer, or . .

) ) cis and one irans. Such
opposite to each other in a

o isomerism is not possible
frans Lsomer.

&.g., [Py{NH,),CL]
L
‘“/ \“NH II.N"/ \\m

for terahedral complexes.
e.g., [PH{NH,)(Bo)(CL)(Py)]

Octahedral complexes of | Octahedral complexes of
formula [MXA, ] where X formula [MITL,] in which
are unidentates and A are the two ligands X may be
didentate and form cis and oriented cis or trans to each
frans isomers. other.

e.g.. [CoCl(en),] e.g., [CofNH,), CL]

Octahedral coordination entities of the type [Mab,] like [Co(NH,), (NO,),]. If
three donor atoms of the same ligands ocoupy adjacent positions at the comers
of an octahedral face, we have the facial (fac) 1somer. When the positions are

around the mernidian of the octahedron, we get the meridional (mer) isomer.



/‘-" -\-R" .
e T,
_ \‘k / Coordination isomerism: \“\‘
/¥ : Eo o \ / \

/ I‘Lm[-mge lf"m.ﬂ“m' arises \ i ik from e intirdhange |
{ m coordination compound H‘. If." of ligands between cationic |
| containing ambidentate - and anionic entities of |

LERs ||| | different metal ions present
Ill'l. bl e f llﬁ in & complex. e.g /
\ SO, ,
¢ PAEREERE ;'/ | [ComHYICHCN).
__[Cr{NHﬁJ,.] [Co (CN),] /
S 4 N 7
Structural Isomerism
f_/'/ -\_x‘\' f_._.-'"-. "‘\.\\
F. \ /Solvate isonerism: is also
/' Tonisation isomerism: % ff knesmas Trydeate \

/ . : \ / \
f i @msﬂ:u.le m:_u-::-n \ [ lisomerism'. In this case \I
( Sxhengewiihsoion Nmnd, | | vateris involved as & '

eg. [Co(NH,), SO, Brand | \ Ky ‘
| | |
] Br BD - |
"-Ilil [Co(NH,), Br] 80, Ijln' ll"-.l e.g.. [Cr{ILO)]CL, /
X /N [€x(H,0), CLICL 2H,0
y .r"lll .\\ /
" I \. ’
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Bonding in Coordination Compounds

Werner's Theory ™
(1) In complex compounds, metal atom exhibit two types of valencies -
proimary valency and secondary valency,

(i) Primary valencies are satisfied by anions only while secondary

valencies are satisfied by ligands. Primary valency depends upon oxidation
number of central metal atom while secondary valency represents
coordination number of central metal atom.

(iii) Primary valencies are ionisable and are non-directional while

secondary valencies are non- ionisable and directional. Therefore, geomelry

of complex is decided by secondary valencies.

o s
/‘#/’;Imce Bond Theory \
According to this theory, the metal atom or ion under the mfluence of
ligands from inner orbital and outer orbital complex. These hybridized

orbitals are allowed to overlap with ligand orbitals that can donate electron

pairs for bondmg.

{1) Six ligands {unidentate) (octahedral entity ) Generally central
atom belongs 3d series and ligands can be monodentate or
didentate but coordination number should be six and shape of

complezes will be octahedral and form two types of complexes.

Inner arbital Outer orbital
complexes,
Which are formed due to

participation of (n-1)d orbitals

complexes,

Which are formed due 10

participation of nd orbitals in

in hybridigation is (d’sp”) and hybridisation is (sp’d®).

shape of complex will be
octahedral.




Generally halides (F €1 Br' T }, SCN.S" From outer orbital complexes and other

ligands from inner orbital complexes.
e.g., Inmer orbital complex., [Co(NH,),]”

Orbitals of Co™ ion

OO 1 CT T
3d 45 4p

d’sp’ hybridized orbitals of Co™

AOEEC I O]
3d 45 dp

[Co(NH,),T™
s1x pairs of
elecirons from
six NI, molecules

All electrons are paired therefore. complex will be diamagnetic in nature.

¢.g.. Outer orbital complex, [CoF,]’

Orbitals of Co™ ion

3d

1T
45  4p +4d
sp'd” hybridized orbitals of Co*
L0000 4 5 A
' 3d

pexpoca] x| ||

ds dp | 4d
six pairs of electrons

from six F 1oms

Complex has unpaired electrons, therefore. complex will be paramagnetic in nature:
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Complexes with coordination number: 4
L. INKCN),[*

Orbitals of Ni*™ ion

[ O O
3d 45  dp

dsp” hybridized orbitals of Ni™*
dsp’ hybrid

et b e e

Four pairs of
glectrons from 4 CN
1005

All electrons are pared. Complex will be diamagnetic in nature.

2. [CaCl,]

Orbitals of Co™ ion

AT O ET T
3d 4s  4p

sp’ hybridized orbitals of Co™

5 faybrid
0 5 I
3d 4z 4p

[CoCL]
[ETTTTITTT [od Porfrepe]
4s  4p

Four pairs of
electrons from 4C1

Complex has unpaired clectrons. Complex will be paramagnetic in nature.
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Crystal Ficld Theory

The five d-orbitals are split into lower and higher energy level due to approach of
ligands 1s known as crystal field splitting. The five d-orbitals in a gaseous metal
atom/ion have same energy,

(i} Crystal field splitting in octahedral coordination entities

dapds
Energy P
s ;,-'*
A, | A,
PSS b, Eniaieie) O
; 1 Barryecentre
7 Averageenergy ., i
£ ofthed-orbitalsin ™, 1;“:
Metal : spherical erysial field 17
d-othitals ——y
 —— ;"- g
d.d. d.
_ Splitting of d-orbitals
Ay A Uy, G In octahedral crystal
Free metal 10n field

. Energy separation is denoted by A, (the subseript o is for octahedral).

[ The energy of the two e, orbitals (higher energy orbitals) will increase by
{3/5)A; and that of the three t, (lower energy orbitals) will decrease by
(LS} A,

. If A, = P. the fourth electron enters one of the e, orbitals giving the

configuration €, e, . Ligands for which A, < P are known as weak field ligands

o A |

and form high spin complexes.
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¢ If A, > P. itbecomes more energetically favourable for the fourth electron to occupy t,,
orbital with configuration ta' e

Ligands which produce this effect are known as strong field ligands and form low spin
complexes, where P represents the energy required for electron pairing in a single
orbital.

(i1} Crystal ficld splitting in tetrahedral coordination enfities.

dtr dln f"!rar

Energy o f

 Average energy "I'“'g
7 of the d-orbitals in
spherical crystal field :

Metal
d-orbitals

i
#

R 4 W

da_podp

d-arbitals
Free metal ion

Splitting of d-orbitals
in tetrahedral crystal
field
® In tetrahedral coordination entities, A, = (4/DA,.
Consequently the orbital splitting energies are not sufficiently large for forcing
pairing, therefore, low spin configurations are rarely observed.
® Due to less crystal field stabilization energy, it is not possible to pair electrons and
g0 all the tetrahedral complexes are high spin.

8. Colour in Coordination Compounds
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In complex compounds d-orbitals split in two sets t,_ and e, These have different
energies. The electron jump from ground state t, level to higher state e, level. This is
known as d-d transition and it is respongible for colour of coordination compounds,
d-d transition takes place in d'to d° ions. so the ions having d' to d’ configuration
are coloured. On the other hand, the ions d and d configuration do not show d-d
Iransition.

Importance and Applications of Coordination Compounds.

Hardness of water is estimated by simple titration with Na,EDTA, The Ca™ and
Mg" ions form stable comaplexes with EDTA"

Some important extraction processes of metals, like those of silver and gold make
use of complex formation.

Similarly, purification of metals can be achieved through formation and subsequent
decomposition of their coordination compounds. For example, impure nickel is
convetted (o [Ni(CO),], which is decomposed fo vield pure nickel.

Coordination compounds are used as catalysts for many indusirial processes.
Examples include rhodium.

Supplementary List of Ligands

Ligand, r Cl By 1 o N o o |0 cod PIL,
Name | fiuoro | chlom | bromo | iods dr%in cyEna ,,}?;; H;;FE carboants ;ﬁﬂi
Ligand| 30! | wo, | omo | sow* | wes |[CHOOQ| CHN | & g0 | wo, | 80
Name S"Pﬁjf" nitr | it | AT f:l::_r::- aeatara P:fqg%w Pi*b‘:. Tm- witrate | SeLpBi-
Ligand| no (il os | wE | Ny [HMeR| co) | HO | NN, (ol HO
: Eiphonyl | thie- ] e
Name 15;[2" :ﬂ:: ml:;}- amide | jmido m‘k“,.ﬂ'{ﬂ m::_lﬁm aqua | srmaine "a;a,hf" ngl“?
H,N-CH,-NH, HNCH,CH,NHCH,CH,NH,
ethane-1, 2- diamine (en) Diethylenetriamine( diene)
CH,C00 CH,CO0
CH-N < CH-N <
CILCOO CILCOO
H CH,COOr
CH-N < CH,-N
CH,CO0 CH,COOy

Ethylenediaminstriacetate ion (EDTA")  Ethylenediaminetetracetate ion (EDTA*)
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[ OBJECTIVE TYPE QUESTIONS |
MULTIPLE CHOICE QUESTIONS
Which of the following compounds formed by Cu® ions is most stable?
(a) Cu"+4NH,—[Cu(NH,),]:logE=11.6
(h) Cu™HCN—[Cu(CN,]";log K=27.3
(¢} Cu®+Zen—[Culen),F:logK=154
(d) Cu"™+4H,0—-[Cu(H,0),] :logK=8.9
The colour of the coordination compounds depends on the crystals field splitiing.

What will be the correct order of absorption of wavelength of light in the visible
region for the coniplexes [Co(NH, ) J"":[Co(CN),]*: [Co(H,0),1".

(a) [Co(CN),]">[Co(NH,),]">[Co(H,0)]"

(b) [Co(NHJ,I"{Co(HLO)]">[Co(CN),["

(¢) [Co(1LO)]">[CofNIL),]">[ColCN)J’

(d) [Co(CN)J"=[Co(NH,).]J">[Co(H,0)]"

When 0.1 mol CoCl; - NH, is treated with excess of AgNO,, (1.2 mol of AgCl are
obtained. The conductivity of solution will correspond to-

{a) 1:3electrolyte (b) 1:2electrolyte

(e) 1:1electrolyte () 3:lelectrolyle

The correct [UPAC name of [PHINH,}, CL,] is-

{a) Diamminedichloridoplatinum (IT)

() Diamminedichlondoplatinum (TV)

{¢) Diamminedichloridoplatinum (0)

(d) Diarmminedichloridoplatinum (TV})

Ot of'the following the most stable complex species is

(a) [Fe(CO)] (b) [Fe(CN),T

(¢} [Fe(C,0,),1" (d) [Fe{,0),]"

The CFSE for octahedral [CoCL]" is 18,000 em’. The CFSE for tetrahedral
[CoCLY will be:

(a) 18,000cm’ By 16.000ecm

{¢) 2,000cm* (dy 20,000em”
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Which of'the following species isnot likely to be a ligand?

{a) NH, (b)y NH/

(c) NH,CH,NH, (d) €O

[UPAC name of [PU(NH. ), CUNO,}] is:

{a) Platinum diaminechlorntrite

(b} Chloronitrito-N-ammine platinum(II)

{c) Diamminechloridonitrito-N-platinum (1)

{d} Diamminechlornitrite-N-platinate(Tl)

Atomic number of Mn. Fe and Co are 25, 26 and 27 respectivelv, Which of the
following inner orbital octahedral complex is diamagnetic?

(a) [Co(NIL,),]" (b) [Mn(CN)J
(c) [Fe(CN)]" (d) [Fe(CN),J
[Fe{CN), 1" complexis .....cooeeirnnnee .

(a) sp’hybridised (b) sp'd’ hybridised
{c) paramagnetic {(d) diamagnetic
The denticity of PPL, and 'en’ are respectively-

(a) 1.1 () 2.1

fcy 3.2 (dy 1.2

The type of isomerism exhibited by complex [ Co{NH,),Br,]CI?
{a) Geometrical and lonization (b} Geometrical and Optical
(c) Optical and Tonization (d} Geometrial only
Complex which will be colourless is -

() [Ti(H,0)J" (b) [TiNO.)]

(c) [CrNIL),]) (d) [Fe(CN)]*

K.[CoF,] isa high spin complex. The hybridization of Coincomplex will be-
{a) spid (b) sp'd’

() d'sp’ (dy dsp’

Complex which is paramagnetic as well as tetrahedral is-

(8) [Ni(CO)) (h) NiCLF

(c) [Ni(CNLT (d) WNoneofthese

On dissolving K,|Fe(CN),] in waler, presenceof ... ioms are detected.

(a) K only (b) Fe"only

{c) CN only (d)y BothK andCN
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17.

18,

19:

T

U b A i

oo o o

11|

The complex ion, which does not have any 'd' electron in central metal atom is-

() [MnO,] (b)  [ColNH,)]"

(c) [Fe(CN)J' (d)  [Cr(ILO),J"

Two isomers of a complex are A and B. If A gives white precipitate onreacting with
BaCl,, while B gives precipitate of AgCl on reaction with AgiNO,, The complex B
andtype of isomerism exhibited by itare—

{a) [Co(NH,L.Cl])50,,lonization (b} [CofNH,),Cl]SO, . coordination
(e) [Co(NH,);80,]CI, Ionization (d) [Co(NH,),80,]C|, Coordination
The complex which shows optical isomerism is-

{a) trans-[Co(en),CL]CI (b)  [Co{NH,),CL]CI

(¢) [Co(NH,,CL] (d)y eis-[Colen),CLICL

FILLINTHE BLANKS

The IUPAC name of linkage isomer of [CofNH, ) NO,JTU LS .oocvciriioneieriinienions
The oxidation state of Ni in ([ Ni(CN ), 18-,

The metal presentin vitamin B 18

NOisnamedas........uomimniiians

Octahedral erystal field splitting of d-orbitals give the three d orbitals having lower
energy are collectively called....................

The number of isomers of [PINH,),CL] 818 ..o

Incomplex [Fe(I1,Q),]" number ofunpaired electrons are. ...

Number of ions produced per mole of the complex [Co(NH,),Cl|Cl, are............
Outof cis and irans isomer of [RhClen), ], oovviinie isomier shows optical activity.
Dentisity of EDTA” ligand is ....vovvoveennns

ASSERTION REASONTYPE QUESTIONS

Nate: In the following questions a statement of assertion followed by a statement of

reason is given. Choose the cormmect answer out of the following choice.

{a) Both assertion and reason are True, and reason is the correct explanation of
the assertion,

(b) Both assertion and reason are True. but reason is not the correct explanation

of'the assertion.



b3

o oBowW R - o

Coordination Compounds | 143

{c) Assertionis True, butreason is False.

(d) Bothassertion and reason are False.

ASSERTION: Toxic metal ions are removed by the chelating ligands.
REASON: Chelate complex tend to be more stable.

ASSERTION: [(Fe(CN),]* ion shows magnetic moment corresponding to two
unpaired elecirons.

REASON: Because it has d'sp’ type hybridisation.

ASSERTION: Carbon monoxide forms low spin complexes with metals.
REASON: Carbon monoxide is neutral oxide,

ASSERTTON: Carbon monoxide is adeadly poison.

REASON: CO can form strong complexes with haemoglobin.

ASSERTION : Tetrahedral complexes cannot exhibit geometrical isomerism.
REASON: Tetrahedral complexes are chiral in nature,

ASSERTION: An octahedral complex with two dideniate ligands is always
optically active.

REASON: The cis - isomer of the octahedral complex is chiral.
ASSERTTION: Tonisation isomerism is shown by complexes having ambidentate
ligands,

REASON: Ambidentate ligands have two possible ligating centres.
ASSERTION: [Fe(CN),]" is more paramagnetic than[F I

REASON: [FeF,]" has more number of unpaired electrons,

ASSERTION: [Co(NIL,),]" is an inner orbital complex.

REASON: [Co(NH,),]” forms an octahedral complex.

ASSERTION: [Fefox).]” is more stable than [Fe(I1,0),]"

REASON: [Fe(ox),]" is a chelate complex.

ONEWORD TYPE QUESTIONS

What is the oxidation state of Niin [Ni{CO),]?

Write TUPAC name of [Ni{CN),]* .

What is the hybridisation of Co in the complex [CoE, ™7

Write the chemical formula of potassiomtrioxalatochromate({TIT),

Name the transition element present in haemoglobin.
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o B R

11.
12.
13,
14,

Q.1
AnS.

Q.2

Ans.

Q3.
Ans,

Q4.

Ans,

0Q.5.
Ans.

Q.6.

Ans.

Q.7.
Ans,

Q..

Ans.

What is density of triphenyvlphosphine?

Ot of NH, and H,O which is strong field ligand?

Write electronic configuration of Fe in complex [Fe(CN), .

What i the coordination munber of Crin [Cr{en),C1]CI1?

How many geometrical isomers are possible for [Cr{ox LP?

Give the linkage isomer of [Pd(PPh, ), (NCS),]?

How many unpaired electrons are present in [Fe(NH,),] CL 7

Name the imperfect complex compound which ionizes completely in solutions.
Give am example of hexadentate ligand.

Write the coordination numberof 'Fe'in K[Fe(CN}, (en),]

| VERY SHORT ANSWER TYPE QUESTIONS (1 Mark) |

What is ambidentate ligand 7 Give one cxample,

Monodentate ligands contain more than ene coordinating atoms. Example, CN |
Write the TUPAC name of [PtC1, (en), (NO, ), ].

Dichloridobis{ethane- 1. 2-diamine jnitratoplatinum (TV)

What is a chelate ligand ? Give one example.

The complex in which ligand binds through two or more donor sites simutansously

to form eyclic complexes, Example: ethane-1-2 diamine,

How many geometrical isomers are possible for the [Ni(NH,),]"" ?
Not possible. becavse all 4 ligands are same.

Define coordination polyhedron.

The spatial arrangement of the ligand with the central metal ion.

Give the chemical formula of potassium hexacvanoferrate (11).

K, [Fe(CN)]-
MName the metal presentin: (i) Chlorophyll (ii) cis platin
(iyMg (i) Pt

Which ol the two is more stable — K, [Fe(CN),] Or K, [Fe(CN),?

. K,[Fe{CN), ] because Fe has d’ configuration in this case.
Q.9.

Arrange the following ¢omplexes in order of mereasing electrical conductivily :
[Co(NH,). CL |, [Co(NH,), CIJCL, [Co(NH, ), ICL
[Co(NH,), CL] <[Co(NH, ), Cl]CL; = [Co(NH, ),]CL,

More number of ions. more electrical conductivity
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0.10. Give an example of the role of coordination compounds in biological system.

Ans. Haemoglobin, the red pigment of blood acts as oxygen carrier. It is a coordination
compound of iron.

Q.11. Why is CO a stronger ligand than CI'?

Ans. CO is a stronger ligand than Cl due to back bonding between its empty p-orbitals
and filled d-orbitals ol ceniral metal ion which in tum increases A value,

.12, What do vouunderstand by denticity ofa ligand?

Ans. Denticily of a ligand is the number ol coordinating or ligating groups siles present in
alipand.

(.13, What is the coordination number of ceniral metal ion in [Fe (C,0,),17 7

Ang, Coordinationnumber =Number of ligands ¥ Denticity=3x2=¢

Q.14 Name two properties of the central metal atom/ion which enable it to form stable
complex entities.

Ans. (a) Smallsize of metalion
(b) High charge on the metal ion.

Q.15 Write the [IUPAC name of the complex [Cr{en),] [Co{CN),].

Ans. Tris(ethane- 1. 2-diamine)chromium(TIT) hexacyanidocobaltate(III)

(Q.16. A blue coloured solution of [CoCL]" ion changes to pink on reaction with

HeCl, Why ?
Ans. CoCl”+HgCl,—Co[HgCl]+2C1
[Blue] [Pink]

'SHORT ANSWER TYPE QUESTIONS (2 or 3 Marks)

(Q.1. Explain the following :
(1) NH, act as a ligand but NH," does not.
{ii) CN is a ambidentate ligand.
Ans. (1) NH, has one lone pair while NH, " does not.
{ii) Because it has two donor atoms in a monodentate ligand. can bind through

either C or N,
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)2
Amns,

Q.3.
Ans,

Q.4.

Ang,

Q.6.

Ans.

Q7.

Ans.

Q.8

Ans.

Q9.

Ans.

Mention the main postulates of Werner theory.

{i) Metal ion has two types of valency. (ii) Primary valency and secondary valency.
{iii) Secondary valency is equal to coordination number,

Draw the structure of : (i) [Ni(CO), ] (ii) [Fe(H.0),]"

KSS
co OH,
[ II:D\ | _om,
o I.IJI\ P
¢ G ©© no~ | “OH,
OH,

How does EDTA help as a cure for lead poisoning 7
Calciom in Ca-EDTA complex is replaced by lead in the body, The more soluble
complex Ph-EDTA is eliminated inurine.

. Define homoleptic and heteroleptic complexes.
Amns.

Homoleptic : When metal atom/ion iz linked with one tvpe of ligands. Example.
NI(CO),].

Heteroleptic : When metal atom/ion is linked with the more than one kind of
ligands. Example, [Co(NIT,),CL]'

[NiCL]" is paramagnetic while [Ni{C0),] is diamagnetic though both are
tetrahedral. Why 7

Tn [NiCL]", Ni has 3d"4s’ configuration, C1 can not pair up while in [Ni(CO),]J. Ni
has 3d" 45 configuration, CO pairup electrons

The oxidation number of cobalt in the complex : (i) K[Co(COY] (i) [ColC,0,). T
(i)-1{ii)+3

Whatare t,, ande, orbitals ?

In a free transition metal ion, the d-orbitals are degenerate, When it form complex,
the degeneracy is split and d-orbitals split into 1, and e, orbitals.

VWhat is spectrochemical series 7

The arrangement of ligands in order of their increasing erystal field splitting field
strength.
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0.10. What are the assumptions of Crystal Field theory.
Ans. (i) Ligand act as a point charge. (ii) Metal ion has electrostatic attraction force with
the ligand. (Or any other)
Q.11. CuS0, is colourless while CuS0, .5H,0 is coloured. Why 7
Ans. CuSO0, docs not has any ligand, so no splitting of d-orbital take place while CuSO,
SH.O has water at ligand.
.12, Differentiate berween inner and outer orbital complexes.
Ans. Inner sphere complex : When d-orbital of inner shell take part in hybridisation,
Outer sphere complex ; When d-orbital of outermost shell take part in hybridisation.
.13, How is stability of coordination compound determined in aqueous solution 7
Ans. Byusing stability constant. Migher the value of stability constant, more stability,
.14, Ina complex ion [Co{NH, },NO,JC1,,
{i) Identify the ligand_ (ii} Oxidation number of metal ion.
Ans. (I)NIL, NO, _(ii)+3
.15, Explain how the nature of ligand affects the stability of cemplex ion.
Ans. Strongligand : More stability Weal ligand : Less stability
I LONG ANSWER TYPE QUESTIONS (5 Marks)

Q.1. A metal ion M" having d' valence electronic configuration combines with three
didentate ligands to form a complex compound. Assuming A, > P :
{1}  Draw the diagram showing d-orbital splitting during this complex formation,
(1i) Whattype ofhybridisation will M™ have?
{11i) Name the type of isomerizam exhibited by this complex.

Ans. (i)ITA, = Pthen

HIEE

{1i) d sp’
{iii) [M{AA),]type complex show optical isomerism.
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Q.2

Amns,

Q.3

Ans.

Q4.

Ans.

(i) Discossthe nature of bonding in metal carbonyls.

(ii) Draw figure to show the splitting of d-orbitals in anoctahedral crystal field and
write electronic configuration of Mo’ ion when: (a) P> A, (b) A, >P

(i) The metal carbon bond in metal carbonyls possess both o and w character The

M-C & bond is formed by the M« C=0 while M-C i it bond is formed by the

donation of a pair of electron from filled d-orbatal of metal to antibonding n* orbital

of CO.
(i1) &,
i 45 o0
L,
(a) t].:e: (b) t,;eg'r

(i) [Fe(CN), T and [Fe{TL,0),T" are of different colours in difute solution. Why 7

{ii) A complex is prepared by mixing CoCl, and NI, in the molar ratioof 1 1 4. A
{.1M solution of this complex was found to be freeze at - 0.372 °C. What 1=
the formula of the complex ? (K= 1.86 °C/M)

(i) In both the cases Fe is in + 2 state, it has 4 unpaired electrons but CN and H,0

has different crystal field splitting energy.

(ii) AT, = i K. m. 1= 2 means complex dissociate into two ions. Hence the formula is

[Co(NH,), CL, ICL
CoS0,CL5NH, exists in two isomeric forms 'A' and B'. Isviner 'A’ reacts with

AgNO, to give white precipitaie, but does not react with BaCl,. Tsomer B’ gives

white precipitate with BaCl, but does notreact with AgNO,,

(i} Tdentify 'A" and B' and write their structural formulae. (ii) Name the type of
isomernism involved, (i1i) Give the IUPAC name of 'A' amd B,

(iy A=[Co(NH,),80,]Cl. B=[Co(NH,) ,Cl]SO,



(ii) lonisationiosmerism
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{iii) (A)=Pentaamminesulphatocobalt(TI) chloride
(B)=Pentaamminechloridocobalt(Il) sulphate

{i} OxidationstateofFe
(it) TUPAC names

(i11) Magmetic behaviour
{iv) Spintype

. Forthe complexes |[Fe(CN),]" and [FeF,|” write -

{(v) Whichcomplex hashigher ., of absorption?

S.No. [Fe{CN),]" [FeF,T
(i) +2 +3

(ii) Hexacyanoferrate (IT) Hexafluoridoferrate (III)
{iii} Diamagnetic Paramagnetic

(iv) Low spin High spin

(V) lower A,

Higher A,
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| CASE STUDY BASED QUESTIONS |

1. Readthe passage and answer the following question.

According to the VBT , the metal atom or ion under the influence of ligands can use its
in-1) d. ns, np or ns, np, nd arbitals for hybridisation to vield a set of equivalent orbitals of
definite geometry such as octahedral, tetrahedral, square planar and so on. These
hvbridised orbitals are allowed to overlap with ligand orbitals that can donate electron
pairs for bonding. The geometry of a complex from the knowledge of its magnetic
behaviour on the basis of the valence bond theory In the diamagnetic octahedral complex,
[ColNH,),]”, the cobalt ion is in+3 oxidation state and has the electronic configuration 3d°”,
Six pairs of electrons, one from each NI, molecule. occupy the six hybrid orbitals. Thus,
the complex has octahedral geometry and 15 diamagnetic because of the absence of
unpaired electron. In the formation of this complex, since the inner d orbital (3d) iz used in
hybridisation, the complex, [Co(NH,),]" is called an inner orbital or low spin or spin paired
complex. The paramagnetic oclahedral complex, [CoFJ" uses outer orbital (4d ) in
hybridisation (sp°d’). It is thus called outer orbital or high spin or spin free complex.
Source : NCERT

{A) Numberolunpaired electrons present in [CoF,]” are:

(a) 4 (6) 3
(e 2 (d 1
{B) Outoffollowing, paramagnetic complexis
(a) [Ni(CN),J (b) [Ni(Cl,J"
(c) [Ni(CO),] (d) Allofthese
(C) Outerorbital complex is:
(a) [CoF,J" (b)  [Co(NH,),["

(c) [Ni(CN)]' (d) Noneofthess
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(D) Innerorbital complex mvolves:

{a) ndorbitals (b (n-1)dorbitals

{¢) nsorbitals (dy Noneofthese
2.  Read the passage and answer the lollowing question.
The degeneracy of the d orbitals has been removed due to ligand electron-metal electron
repulsions in the octahedral complex to yield three orbitals of lower energy, 1, set and two
otbitals of higher energy. e, set This splitting of the degenerate levels due to the presence
of ligands in a definite geometry is termed as crvstal field splitting and the energy
separation is denoted by A, (the subscript o is for octahedral) . Thus, the energy of the twe
e, orbitals will increase by (3/5) A, and that of the three t,, will decrease by (2/5)A,. The
erystal field splitting, A, depends upon the field produced by the ligand and charge on the
metal ion. Some ligands are able to produce strong fields in which case, the splitting will
be large whereas others produce weak fields and consequently result in small splitting
ofd orbitals,
(A) The cause of removal of degeneracy of the d orbitals in coordination

compunds is:

{a) highernuclearcharge

(b) ligandelectron-metal eleciron repulsions

{c) Atomicsize

{d) Noneofthese
(B) Thecrystal field splitting is

{a) The splitiing of the degenerate levels due to the presence of ligands in a

definite geometry.

(b) splittingof f- orbitals

{¢) sphittmgol p-orbitals

{d) allofthese
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(C) Energyoftwoe, orbitals inoctahedral complexes increased by

(a) 354, (b) 2554,
(c} 1/54; (d) 3543A,
(D) Therelationship between CFSE in tetrahedral field (A ) and octahedral field (A,) is
(a) A=9/A4A, (a)  A=49A,
(e} A=2A, (d) A=35A,

3. Readthepassage and answer the following question.
The ions or molecules bound to the central atom/ion in the coordination entity are called
ligands. These may be simple ions such az Cl, small molecules such as H,O or NH,, larger
molecules such as H,NCH,CH,NH, or N(CH,CH,NH, ), or even macromolecules, such as
proteins, When a ligand is bound to a metal ion through a single donor atom, as with CI
H,0 or NH.,. the ligand is said to be unidentate, When & ligand ¢an bind through two denor
atoms as in H;NCH,CH,NH, (ethane-1.2-diamine) or C,0," (oxalate), the ligand is said to
be didentate and when several donor atoms are present in a single ligand as in
MN(CH,;CH,;NH, .. the ligand is said to be polydentate.
Ethylenediaminetetraacetate ion (EDTA)" is an important hexadentate ligand. It can bind
through two nitrogen and four oxygen stoms to a central metal ion. When a di- or
polydentate ligand uses 1ts two or more donor aloms to bind a single metal jon. it 15 said to
be a chelate ligand. The number of such ligating groups is called the denticity of the
ligand. Such complexes. called chelate complexes tend to be more stable than similar
complexes containing unidentate ligands. Ligand which can ligate through two different
atoms is called ambidentate ligand. Examples of such ligands are the WO, and SCN iong,
NO, ion can coordinate either through nitrogen or through oxygen to a central metal
atomy/ion, Similarly, SCN ion can coordinate through the sulphur or nitrogen atom.
(A)  Ambidentate ligandis:

{a) CN by CO

{c) NH, {dy HO



(B]

(D)

v

Total mumber of donor =ites in ethane - 1,2 —diamine is/are ;
{a) 1 by 2
(g} 3 (d) 4
Ligand with maximum denticity is-
{a) NC (b) GO/
(¢) NH, (d}y HO
Chelating hgandis
(a) EDTA (b) NI
{c) CN (d HO
ANSWERS

MULTIPLE CHOICE QUESTIONS

1. (b) 2. (c) 3. (b) 4. (a) 5. (c) 6. (a) 7. (b)Y B.(c) 9. {a) 10. (c)
11.(d) 12. (a)13. (b) 14. (b) 15. (b) 16. (a) 17.(a) 18.(c) 19. (d)
FILLINTHE BLANKS

1.pemaamminenitrito-O-cobalt(IIT) chloride 2. 2 3. Cobalt
4. Niresyl 5. 1t 6. 4 Ti; 5 g 3
9. eis 10. 6

ASSERTION REASON TYPE QUESTIONS

1.(8)2.(b)3. (b)4.(a) 5. (c) 6. (d) 7. (d) 8. (d) 9. (b) 10.(a)
ONEWORD QUESTION ANSWERS

1. 0 2. tetracynatonickelate(ll)ion
3. (CoF,)"(sp'd) 4. (KJCrCO00])

5. Iron 6. 1

7. NH, g e

9. 6 10. 0

11. [Pd(PPh,),(NCS),] 12. 1

13, Double salt 14. [EDTAT*

15, 6
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UNIT TEST-1

Coordination Compounds

Maximnm Marks: 24 Time Allowed : 1 hoar

1. Explain-[Cr{en),]" is more stable than [Cr{H,0),]". 1
Give two examples of didentate ligands. 1

1. A metal ion M" having d' valence electronic configuration combines with

three didentate ligands lo form 2 complex compound, Assuming A= P, write
the electronic configuration of the valence electrons of the metal M™ ion in
terms of 1, and e,

4. Predict the number of unpaired electrons in the square planar [PH{C NL]
lon.

5. Foi the comples [CoBr,fen),]”, write coordination number and oxidation siale
ofCo. 1

6. Mame the isomerism exhibited by following coordination compounds: 2
a) [Co(NH,).,SO,]Br
b) [Fe(SCN).I
¢) [Colen),]”
d) [Crlen),(H,0),]"
T Define followng terms with suitable example. 2
a) Spectrochemical Series
b) Synergic Bonding
8. Write IUPAC names of following complexes:
a) [Fe(NIL)L(C,0,L]"
b) [Cr(en),(TLO),]"
9. Explaimn hybridization. geometry, and magnetic behaviour of following
complexes (Attempt any 2) 2
a) [NI{'C(}L]
b) [Ma(CN),]
¢) [FeCl]"
10. Arrange the following in increasing order of given properties: 3
a) [Ce{NH,),CL,]. [Com}],}, 1], [CD{NHQJ,]EI {Electrical Conductivity)
b) [CG{NIIJJ" [Co{CN)T", [Co(IL0), ] {Wawelength of absorption)
¢} [Co(NH,),T", [Mn{CN),]", [Fe{CN),]* (spin-only magnelic moment)
1. Ixplain following: 3
a) [Ni(H,0),]"is green incolour while [Ni(CN),]™ is colourless.
b} [Fe(H,0),]"" is highly paramagnetic while [Fe(CN),]> is weakly
paramagnetic.
¢) [NIiCLY is paramagnetic and [Ni{(CO),Jis diamagnetic, even though both are
tetrahedral

[
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UNIT TEST-2

Coordination Compounds

Maximum Marks: 20 Time Allowed : 1 hour
1.  Write coordination number and oxidation mumber of Cr in [Criox),CL]". 1

2. Give two examples of ambidentate ligands. 1

3. Tetrahedral comiplexes does not exhibit geometrical isomerism, Explain.

4. Predict the hybridisation of [FeCl,] |

5. Mention the denticity of C,0," & EDTA" ligands. 1

6.  Name the isomerism exhibited by following molecules: 2

a) [Fe(CN),J

b) [Co(NH,).CI|SO,

¢) [Cofen), I

d)  [Co(NH,) J|Cr{CN},]

Define followng terms giving examples: 2
a) - Ambidentate ligands

b)  Chelaie etfect

8.  The molar conductivity of the complex CrClL 4NH,. 2H,0 is found to be same
as that of3:1 electrolyte. Write its structural formula, name and geometrical

isomers of the complex.
9, Explain hybridization, geometry, and magnetic, behaviour of following
Complexes (Attempt any 2) 3
a) [Ni(Cl,]"
b) [Co(CN),
c) [Cr(ILO)T"
10. a) Differentiate low spin and high spin complexes giving examples,
by How homeleptic complexes are different from heteroleptic complexes ?
¢) Write the chemical formula of potassium hexacyanatoferrate (I1). i
11.  Explain following: 3
a) €O is stronger higand than NH, .
b) Low spin octahedral complexes of nickel are not known.
¢) Adqueous solution of [Ti(H,0), T is coloured.

=

3%
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Mechanisms of S0 and $,2:

S.1 Mechanism
Step - 1
H.C C
\ Ty |E
/ ‘% / %
Hc ch, 0 %ZH,
Step 2
= CH, ./,'l.;‘l-lﬁ
Nu | Nig—
B 15 / ‘%
/ %, nd en,)
5 H,C H,
Nu attacks from back (rear) side Inversion )
CH, o H,C > -%
/.1@ = Nu —_— \‘__N“ (.-'r E
H,C %CH, mc’ Tn, j
Retention
=
Nu attacks from same side as leaving group i.e. X (c}
S.2 Mechanism
CH, CH, .
H_:ﬂ ‘%1 /H

C_Br, = Ho- [1: ~Br

e H
Transition state

Beaclion occurs when
bromoethane 1s added to a
dilute NaOH solution.

CH,
HO—C_ :Br
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7 k)
L | 8.2

Carbon (sp) |Favored by 3” alkyl halides or |Favored by -CH, and 1° alkyl
Electrophile |benzylic or allylic can also halides

react by an 8,1 mechanism | (jegs sterically hindered)
{ More stable earbocation)

Nucleophile |Nature of the nucleophile has | Favored by more reactive
no affect on rate. In general, |nucleophiles

8,1 use neutral. weak RE =NC >R0 =HO >CI'
nucleophiles
Solvent Favored by polar. protic Favored by polar, aprotic
Effect zolvents. solvents.
b =4
IMPORTANT POINTS

«  Inhaloarenes electrophilic subshitution reachion occurs al o-& p-position.
=  Haloarenes exhibil nucleophilic substitution reaction al extremely slow rale
dueto:
{1) Partial double bond character of C-X bond,
(ii) Benzene ring is electron rich.
(iii) Phenyl carhocation is not stable.
(iv) More electronegativity of sp” hybridised carbon in haloarene as compared
tosp hybridisation in haloalkane
{v) Steric hindrance due lo benzenc ring.
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OBJECTIVE TYPE QUESTIONS

. MULTIPLE CHOICE QUESTIONS
I. TheMNumberofchiral carbons in given molecule is/are-

5
H,C
fa) 1 ib) 2
© 3 (d) 4
2. The correct increasing order for rate of reaction towards nucleophilic substitution
for following is:
Cl {;.31 T,‘l
-, e, -
Y €1 TT-
- = 2 ~| -
CH, NO, NO,
a b ¢
{a) a=b=c (b) a=<c=<h
(o) b=<a<ic (d) c<=b=a
3. Whichofthe [ollowing molecule is chiral?
{a)  2-Bromobutane (b)  1-Bromobutane
{¢) 2-Bromopropane (d) 2-Bromopropan-2-ol
4. Reaction of CH.CH,Br with aqueous sodium hydroxide follows............cc0ees

(a) 5,1 mechanism

(b1 8,2 mechanism

(¢} Either S;1 or 8,2 mechanism depending on temperature
(d) E,mechamsm

3. Thecorrect IUPAC name for following molecule is-

Bt



10.
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{a) 1-Bromo-2-ethylpropane

(b} 1-Bromo-2-ethyv1-2-methylethane

(¢) 1-Bromo-2-methylbutane

(d) 2-Methyl-1-bromobutane

The correet increasing order of boiling points of the following compounds is-

{a) Bromobenzene < |-Bromobutane < 1-Bromopropane < 1-Bromoethane

{b) Bromobenzene < | -Bromoethane < | -Bromopropane < | -Bromobutane

{¢) 1-Bromopropane < 1 -Bromobutane < 1 -Bromoethane < Bromobenzene

{d) 1-Bromoethane < 1-Bromopropane < 1-Bromobufane <Bromobenzene

Alkyl fluorides are synthesized by heating an alkyl chlorvide/bromide in presence of
ar

{a) CaF,,CaF, (b) CoF,,Hg/F,

(c) HgF,,CaF, id) NaF, CaF,

Which of the following haloalkanes reacts with aqueous KOH most easily?

{a) 1-Bromobutane (b} 2-Bromobutane

{¢) 2-Bromo-2-methylpropane i) 2-Chlorobutane

Toluene reacts with halogen in the presence of FeCl, giving orthe and para
compounds. The reaction is:

(a) electrophilicelimination (b) electrophilic substitution

(¢} [reeradical addition () nucleophilic substitution

Arrange the following compounds in the inereasing order oftheir densities.

1 | Br
_ | | 1
|| ! ®) || © || | m |
N --’... '-__‘ - s o ;-_ . "-I:'l' . :_.J .-“-\""-{_‘]
(a) (A)<(B)<(C)<(D) (b) (A)<{C)<(D)<(B)

(e} (D)<(C)=(B)<(A) id) (B)=<(D)<({C)<(A)
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Il

12.

13.

14.

I

16.

20,

21.

Chlorobezene is formed by reaction of chlorine with benzene in presence of AICL,
Which ofthe following species attacks the benzene ring in this reaction 7
(a) Cl (b) cr

{¢) AICI id) AlCI,

Which of the following statement is correct 7

{a) Benzylhalides are more reactive than vinvland aryl halides,

{b) WVinylhalides are more reactive than alkyl halides.

{¢) Arylhalides are more reactive than alkyl halides.

(d) Arylhalides are more reactive than benzyl halides

Anew carbon-carbon bond is possible inthe following reaction:

{a) CH+CHCl{anhyd. AICL)—

{t) CH,CH,Br+CH,CH,NH,—

(¢) CH;-Br+CH,CH,-ONa—

(d) CH,CH,-Br+KOH (alc.)—

Alcoholic AgNO, does not give precipitate with-

{a) CJLCILCI {:] CH,CH,CI

(c) CH,CI (d) CH,-CHCI-CH,
Reaction intermediare of E, reaction 1s-

(a) Benzyne (&) Carbocation

{¢) Carbanion () Free radical

Best reagent for preparation of a chloroalkane from aleohol is -

(a) SOCI, i) HCIZnCl,

(e} PCL (d) CL/CCl,

Highest nucleophilicity is shown by:-

fa) F (b) OH

(e} CH; id) NH,

Cholroform on reaction with oxygen form poisonous gas

(a) CO, ib) o],

(¢} Cl (d) HCI

The order of reactivity of alkyl halides for 8,2 reactions is-
{a)RF>RC1>RBr>RI (b) RF>RBr>RCI=RI
[¢)RCI=RBr=RF>RI id) RI=RBr=RC1=RF

An 8,2 reaction at an asymmetric carbon gives-
{a) enantiomer of substrate {b) product with opposite optical rotation
(¢} mixture of diastereomers  (d) single sterecisomer

The product mn the following reactionis-  CH-CHCH+1Br
LY
S GF-en o, CH,-CH-CH,
@[ Jer ® (Y b
=
_CH-CHCH, - Br . CHACTL-CIL B

o

@[] @ [
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FILLIN THE BLANKS
Chlorobenzene may be converted into diphenylby.................... . .Fe&CHON.

The muxture contaiming two enantiomers in equal amount, having zero optical
rotation is called...

Beaction of halnalkanes wrth magnesivm metal in dry ether forms the category
of compounds called..............c

Themajor product of Friedel-Crafts acetylation of chlorobenzeneis.........cceei
Polyhalogen compound having antiseptic propertyis..

Alkylhalides are........ccourvivion, I Water But....ccveniiioniann in urgdmc so[mts
Bimolecular nucleophilic substitution of optically active haloalkanes leads to the
.................... ofthe configuration.

The molecules which rotates the plane-polarized light in clockwise direclion are
called..........ia
Halogens...................the aromatic ring towards electrophilic substitution due 1o -1
effectofhalogens.

ASSERTION REASONTYPE QUESTIONS

In these questions. a statement of assertion followed by a statement of reason is

given. Choose the correct answer out of the following choices:

(a) Asserbion and reason both are correct statements and reason ig correcl
explanation for assertion.

(b) Assertion and reason both are correct statements but reason is not correct
explanation for assertion,

(¢) Assertioniscorrect statement bul reason is wrong statement,

(d) Assertionis wrong stalement butreason is correct statement.

ASSERTION : 8,2 reaction is accompanied by the inversion of configuration.

REASON: 5,2 reaction occurs in two step.

ASSERTTON : Treatment of chloroethane with saturated solution of AgCN give

ethylisocyunide as major product.

REASON : Cyanide ion (CN ) is an ambidentate nucleophile.

ASSERTION : The boiling points of alkyl halides decreases in the order :

RI=RBr>RCI=RF

REASON : The boilmg points ol alkyl chlonides, bromides and iodides are

considerably higher than that of the hydrocarbon of comparable molecular mass.

ASSERTION : tert-Bulyl bromide undergoes Wurtz reactiontogive 2,2 3,

A-tetramethylbutane.

REASON : In Wurtz reaction, alkyl halides react with sodium in dry ether to give

hydrocarbon contamning double the number of carbon atoms present in the halide,

ASSERTION : Presence of a nitro group at oriho or para position increases the

reactivity ofhaloarenes lowards nueleophilic substitution.

REASON : Nitro group. being an electron withdrawing group decreases the

electron density over the benzens ring,

ASSERTTON : In monchaloarenes, further electrophilic substitution occurs at

artho and para positions.

REASON : Halogens are deactivating towards electrophilic substitution reactions.
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10.

1L
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1L
12.

ASSERTION : Arvl iodides can be prepared by reaction of arenes with iodine in
the presence of an oxidising agent.

REASON : Oxidising agent oxidises Hl into L.

ASSERTION: The nucleophilic substitution of vinyl chloride is difficult than ethyl
chloride,

REASON: Vinyl group is electron donating group.

ASSERTION: Silver nitrite gives nitro alkane when it reacts with an alloyl halide.
REASON: Silver nitrite is an ionic compound.

ASSERTION: Chlorotorm is generally stored in completely filled botiles in datk,
REASON : CHCI, get oxidised to phosgene in almosphere,

ASSERTION: Neopentyl chloride undergoes 5,2 reaction casily.

REASON: Neopentyl chloride is o tertiary halide,

ASSERTION : It iz difficult to substitute chioring by -OH in chlorobenzene in
comparison to that in ¢hloroethane.

REASON : Chlorine-carbon {C-Cl) bond in chlorobenzene has a partial double
bond characler due to resonance.

ASSERTION: 2-Bromobutane reacts with aqueous KOH forming racemic mixture.
REASON: 2-Bromobutane forms secondary carbocation which leads to
bimolecular substitution reaction.

ONEWORDANSWERTYPE QUESTIONS

Name the category of nucleophiles to which CN, NO, belongs, which may attack
through two diflerent sites,

Name the reaction which converts aniline into chlorobenzene.

Which isomer of dichlorobenzene has highest boiling point?

It elimination takes place according to Zaitsev (Saytzeff) rule then from which
carbon removal of -H takes place?

Which mechanism Ph,C-Cl follows when it reacts with aqueous NaOH?

Naine the instrument used to measure optical rotation.

MName the category of the molecules related by non-superimposable mirror images
oleach other.

Which pas is formed by the reaction of chloroform with oxygen in presence of
Light?

Name the first chlorinated organic insecticide used against mosquito during waorld
war II?

Write name of major product formed by reaction of ethyl magnesium bromide
with water,

What will be major product when 2-Bromopentane reacts with alcoholic KOH ?
What will be the sign of optical rotation for a laevorotatory molecule?
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VERY SHORT ANSWER TYPE QUESTIUHS (1 Mark) !
Give [UPAC name of;

CH,
B a

7

Br

: 1-Chloro-2,3-dibromo-2-methylpentane

Identify A and B in each of the following progess
CH,CH,C1 NaCN AL

: Az CH-CIL-CN, B: CILCH,CH,NII,

Draw the structure of4-bromo-3-methylpent-2-ene.
Br

Why Grignard reagent should be prepared under anhydrous condition?

It reacts with water and converts into corresponding hydrocarbon.
(EMgX+H,0—-=RH+MgX(OH)

Chloroform is stored in dark colowed and sealed bettles. Why 7

It is slowly oxidised by air in presence of light to form COCL,(Phosgene) which is
apoisonous gas, (CHCL+ % O, —COCL+2HCY)

An alkyl halide having moelecular formula CH,Cl 15 optically active. Wrile ils
structure.

CH,-CH-CH,-CH,

|
cl

An organic compound 'A' on treatment with KCN gave 'B' which on hydrolysis
with dil. TICl gave acatic acid. Identify A,

CH.CI

Armrange the following m order of their increasmyg reactivity i nucleophilic
substitution reaction : CH,F, CH,I, CH,Br, CH,C1

CH,F, CH,CL CH,Br. CH,1
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Ans:
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Ans:

12.

Ans:

14,

Ans:

Ans:

Allyl chloride is more reactive than n-propyl chloride toward nucleophilic

substitution reaction. Why?

: Due tomore stability of allyl carbocation than n-propyl carbocation,

Complete the reaction:

F==2Y cl

dry
+Ma ———
2 ether

PhCH,CH,Ph (Wurtz reaction)

(tive one chemical test to distinguish between chlorobenzene and benzyl chloride?
AgNO, test: benzyl chloride gives white precipitate:

The presence of nitro group (-NO, ) al ortiio or para position increases the reactivity
of haloarenes towards nucleophilic substitution. Explain.

Nitro group withdraws electrons by -R. -1 effect resulting in lesser election density
an benzenering.

For the preparation of alkyl chloride from alcohols, thionyl chloride (SOCL) 15

preferred. Give reason.

: The by-products are gaseous S0, and HClwhich can be eazily removed to give pure
haloalkane.
Which ofthe following molecule is optically active”
F:I_H C{H !:_'] {:!]-I
Cl OH
a b

bis optically active
The dipole moment of chlorobenzene is lower than cyclohexyl chloride. Why?
Due to sp’ hybridised carbon in chlorobenzene which is more electronggative and

reduces polarity of C-Clbond,
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16. Namethe compound whicli will be formed by reaction of (—)-1-chlorobutane with
KOH?

Ans: (+)-Butan-1-ol

17. Whathappens when methylchloride is treated with KCNY

Ans: CH,-CNwill be formed

18. IdentityXandY:
R-Br+Mg DyEher | o DO

Ans. X R-MgBr Y: R-D
19. Complete by writing structures of P and (:
Cl
ale KOH | ag. KOH
g _ rQ
- i o D.II
Ans. P - o ~ Q:

20. MName the product formed when 2.4.6- trinitrochlorohenzene reacts with warm
water.

Ans. Picricacid({2.4.6-trinitrophenol)

21.  Write structure of product formed when following undergoes 8, 2 reaction taking

OH as nucleophile:
Gy,

HO

22. Opticalrotation of an enantiomer is+12.5°. Write optical rotation of
(i) Its mirror image
(ii) mixture of enantiomer & mirror image (1:1)

Ans. (i)}-12.57 (ii) Zero

23. Outofpentan-2-ol and pentan-3-ol, which is chiral molecule?

Ans. Pentan-2-ol
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Ang:
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Ans:

SHORT ANSWER TYPE QUESTIONS (2 or 3 Marks)
Why is sulphuric acid not used during the reaction of'alcohols with KI7?

H,S0, cannot be used along with K1 in the conversion of an alcohol to an alkyl
iodide as it eonverts KI to corresponding acid, HI which is then oxidised by it to
L.

Which compound in each of the following pairs will react faster in 8,2 reaction
with OH ?

(i) CH;BrorCH]I (1) (CH,LCClor CH,C1

(i) CH.I'will react faster than CH,Br, as 1odide 13 a better leaving group.

{ii) CH,Clasitis primary haloalkanes with less steric hindrance.

Carry out the following conversions in not more than two sleps:

ii) Toluene to Benzylalcohol

{ii) Benzylalcohol to phenylethanenitrile

iy CI \ )

" i L CH,-Cl CH,-OH
o ” C‘irl"hv |;? -.___|_| ﬂq_NﬂGH i_._d;.-__:"-q_x__

A (e CH,-Cl CH,-CN
|’f || +HC1 —}EELEJ = |‘I KCN | l

-l Ll

awill be more reactive due to higher stability of benzyl carboeation.
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6.  Completethe following reaction :
(i) CJHN,Cl+KI—
(i) CH=CH,*Br,—
(1) CH,CH,OH+50ClL—
Ans: (i) CILL (ii) CH,Br-CH,Br, (iii) CILCI,CL

7. Converl:
(i} Benzenetop-nitrochlorobenzene
{ii) Benzenetodiphenyl
Ans: Cl Cl
|
(i) |" " | _[_:.l?_ || HNQ@SG*| -%|"
L= AL L A
(i:] NO,
TR O, Y N N AN
of J-2-( )=l NN
o~ Alcl, L~ (dryethen \—/ \—

8 What happens when :

(i) Propeneisireated with HBr in presence of peroxide.

{ii) Benzene istreated with methyl chloride in presence of AICL,.
Ans: (i) -Bromopropaneis formed { Anti-Markonikov addition)

{(i1) Tolueneis formed (Friedel-Crafts Alloylation)
9. Wnteshortnote on :

(i) Sandmeyerreaction {ii) Finkelstein reaction
= =
NaNOJHCI (N et [

® L) Zmeng

e

o g L] Nal —
) dry acetone :

10. Namethereagentusedtoconvert:
(i} 2-Chloropropane o 2-nifropropane
{ii) Chlorosthane tobutane

Ans: (i) AgNO, (1) Na/dryether
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11. Givereasons:
(i) Boiling pointofalkyl bromide is higher than allcyl chloride.
(ii) Alkylhalides are better solvents than aryl halides.

Ans: (i) Highmagnitude of van der Waals forces in alkyl bromides.
(ii) C-Xismorepolarinalkyl halides.

12. Carry oul the following conversion
(i) But-l-eneto n-Butyliodide

{ii) 2-Bromopropane to l-Bromepropane

Ans:
@ - i Br acetone
Br
» g ale. KOH | HBr: A
(), .~ ™ A © % peroxide i

13. Identify and indicate the presence of cemter of chirality (if any) in the following

molecules. How many sterecisomers are possible for those containing chiral

center?
{1} L.2-Dichloropropane (11} 3- Bromopent-1-ene
Ans: cl " =
-~ Cl
e P |
Br
1.2-Dichloropropanc 3-Bromopent-1-ene

[*marked carbon are chiral centres]

14. Complete the reactions:

B’ S0C
@ ( )—oH -

Peroxide
P =—+HBr - —
® L p—

Ans: @ ( )a ®) § ,— Br
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Haloallcanes react with KCN to form alkyl cvanides as main product while AgCIN

form isocyanide as the chief product. Explain

: KCN is predominantly ionie and provides cyanide ions in solution. Although both

carbon and nitrogen atoms are in a position to donate electron pairs, the attack takes
place mainly through carbon atom and not through nitrogen atom since C-C bond 15
more stable than C-N bond. However, AgCN iz mainly covalent in nature and
nitrogen is free to donate electron pair forming isocyanide as the main product.

An organic compound A react with PCI, to give compound B, compound B react
with Na /ether to give n-butane . What are compounds A and B 7

. A=C,H,0H.B=C,H,Cl

The treatment of alkyl chlorides with agueous KOH leads to the formation of
alcohols but in presence of alcoholic KOH. alkenes are major products. Explain,

In agqueous medium Le. water, KOH will produce strong nucleophile OH which
will bring about the substitution of alkyl halides to form alcohols. At the same time,
the OH ions will be highly hydrated also. They will not be able to abstract a proton
(H") from the fi-carbon atom to form alkenes.

In aleoholic KOH. the solution will also contain ethoxide ions (C,H.O ) in addition
to OH ions. They being a stronger base than OH ions. will abstract a H 1on from

the f-carbon atom giving alkene as the product as a result of dehvdrohalogenation.

LONG ANSWER TYPE QUESTIONS (5 Marks)

Haloarenes are extremely less reactive towards nucleophilic substitution reactions.

Explain.

Axyl halides are extremely less reactive towards nucleophilic substitution reactions

due to the tollowing reasons:

(i) Resonance effect : In haloarenes, the electron pairs on halogen atom are in
conjugation with m-electrons of the ring and the following resonating

structurcs are possible.

Lu ar :Cl @

| Tl
: i | ”
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Ans:

C-Cl bond acquires a partial double bond character due to resonance. Asaresult, the

hond cleavage in haloarene is difficult than haloalkane and therefore, they are less

reactive towards nucleophilic substitution reaction.

(it) Difference in hybridisation ot carbon atom in C-X bond: In haloalkane, the
carbon atom attached to halogen is sp’ hybridised while in case of haloarene.

the carbon atom attached to halogen is sp’-hvbridised.

L A

s (  sp’hybrid carbon ’
C

Ry R

iq .
sp -hiybrid carbon

The sp’ hybridised carbon with a greater s-character is more electronegative and

can hold the electron pair of C-X bond mere tightly than sp™-hybridised carbon in

haloalkane with less s-character. Since it is difficult to break a shorter bond than a

longer bond therefore. haloarenes are less reactive than haloalkanes towards

nucleophilic substitution reaction.

{ii1) Instability of phenyl cation: In case of haloarenes, the phenyl cation formed as

a result of self-ionisation will not be stabilised by resonance and therefore, 5,1

mechanism isruled out,

(iv) Because of the possible repulsion, it is less likely for the electron rich
nucleophile to approach electron rich arenes.

Although chlorine is an electron withdrawing group. yet it is ortho- and pora-

dirgeting in electrophilic aromatic substitution reaction, Explain.

Chlorine withdraws electrons through inductive effect and releases clectrons

through resonance. Through inductive effect. chlorine destabilises the intermediate

carbocation formed during the electrophilic substitution,
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_n‘;

Jel f-CL:
| il ;L.'i"‘- l-l

i)

L

'| 3 y -— |
) Inductive effect destabilises the

mtermediate carbocation
al: ( -'F{ :
AT TNE T p {attack at ortho-position)

| | « B ———= 1-J®

£

e @ T {attack at para-position)
135 + B — [
S E Hf\H
Resonance effect stabilises the
intermediate carbocation
Through resonance, halogen tends to stabilise the carbocation and the effect i3 more
pronounced at ortho- and para- positions, The inductive effect is stronger than resonance
and causes net eleciron withdrawal and thus causes net deactivation. The resonance effect
tends to oppose the inductive effect for the attack at ortho- and para-positions and hence
makes the deactivation less for ortho- and parg-attack. Reactivity is thus controlled by the
stronger inductive effect and ortentation is controlled by resonance effect.
3. A primary alkyl halide (A), CJLBr reacted with hot alcoholic KOLI to give
compound (B). Compound (B) reacted with HBr to give (C). which iz an isomer of
{A). When (A) was reacted with sodium metal. it gave a compound (D), CH,
which was dillerent than the compound when n-butyl bromide was reacted with
godium. Give the structural formula of (A ) and write equations of all the reactions.
Ans: (A) 1-Bromoe-2-methylpropane
(B} 2-Methvlprop-1l-ene
(C) 2-Bromoe-2-methylpropane
(D} 2.5-DimethyThexane
Write wedge and dash representation of 2-Bromobutane then write structures
of moelecules when:
Ans: (1) Iundergoes retention on reaction with HCI
(ii) Itundergoesmversiononreaction with OH
(ii1) Itundergoes S, 1 reaction with H,O

Lad



Ans,

Wi 2-Bromobutane

GaH,

CH.CH, CH. o
! s "'k w L eH; ) L =9 I/k
/ H,C
HG

b OH
H HO H

Predict A to E in following sequence of reactions:

Br

| alcKoH RIEH
. HE ;s » =
(A B, CH-CH-CH, B cncom, T C
(i) CHBr ——»p BT, E

A: CH-CH=CH, B: CH-CH=CH, C: CHCH,-CH,Br
D: CH,-CN E: CH,-COOH

(rive reasons:

(i) (+)-Butan-2-olis optically inactive

(i) Iodoethaneis morereactive than cliloroethane in 5,2 reaction

(iit) p-dichlorobenzene has higher metting point than o-& m-isomers.

{1v) Haloalkanes easily dissolves i organic solvents.

{v) Grignard's reagent is stored in moistue proof cotainers,

(i} Rotation due to one enantiomer cancelled out by another in racemic mixure.

(ii) Becauselishetterleaving group than Cl

(iii) Due to symmetry of p-isomer, it fits in lattice better

(iv) New intermolecular atiractions between haloalkanes and solvent have much
same strength as the ones being broken.

(v) Grignard's reagent reacts with water forming corresponding alkane,
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CASE 5TUDY BASED QUESTIONS
1.  Read thepassageand answer the following questions:

The bimolecular nucleophilic substitution (5,2) reactions are among the
fondamental and most imporant organic reactions. Traditionally, the mechanism of
the S,2 reactions is studied using qualitative transition state theory, The
functionalized sp” hybridized carbon in a substrate molecule functions as an
electrophilic ¢enter. This electrophilicity is considered due to a partial pogitive
charge created on carbon by the electronegative functional group. A nuelcophile
(Nuc-) attacks the sp’ hybridized carbon from the opposite side of the leaving
group (-LG). This nucleophilic attack results in a transition state in which the
carbon atom becomes sp’ hybridized with the C-LG bond partially broken and
the Nuc-C bond partially formed. Finally. the C-LG bond is broken
completely coincident with formation of the Nuc-C bond. giving the nucleophilic

substitution product.
\‘\ E B i — \ 4 = :E_/
N”‘iu,g_\_&ﬁ E—— :Nuc:—w~C-H~+-LG= — Nuc:— C.\ + LG
sp’ carbon sp’ carbon sp’ carbon

Reference : Xisoping Sun, Mechanistic Studies of Nucleophilic Substitution and fi-
Elimination Reactions, Symmreny 2010, 2(1), 201-212:https:#'doi.org/10.3390/5ym20 10201

(A} Whichofthe following undergoes S,2 reaction at fastest rate?

(a) Chloropropane () Bromopropane
(¢) lodopropane (d) Chlorobenzene
(B) 8.2rcaction accompanied by....c..e.rr.....0fthe configuration.
{a) Retention b} lnversion

{c] Racemisation (d) Tautomerism
{C) Reactionof (CH,), C-Clwithag. NaOH gives:

(a) (CH,),CH-OH (b)  (CH,),CH-OH
{¢) (a)yand(b) (d) But-2-ene

(D} The correctorder of rate of reaction in 8,2 for following molecules are:

gl ey gy
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{a) 1=2=3 ) 2Z>1>3

() 1=3=2 (dy 3=2=1

Read the passage and answer the following questions:

Halogenation ofalcohols is & useful reaction as alcohol-starting materials are cheap
and large varieties are commercially available, Many procedures are known that
convert alcohols to halides however. they can mvolve harsh conditions and
hazardous chemicals. For example, the chlorination of alechols is traditionafly
performed using HCI gas or thionyl chloride, both of which are hazardous to human
health and ofien produce many side reaciions, Although improvements have been
made upon these halogenation reactions, forther gréen methodology is desired. On
a laboratory scale, ammonium halide salts (NH, X)) are solid reagents. which means
they are easy to handle and measure.

Discovering a mild, neutral, highly selective and environmentally friendly system
for catalytic dehydroxyhalogenation is desirable but il is not a frivial fask.
Compromises in the journey towards an ideal sustainable process have to be made,
This 15 exhibited by some of the trends found in the literature regarding chlorination
of alcohols. Some reports involve the use of tripbenylphosphine (PPh,) as a
superstoichiometric additive in dehydroxychlorination reactions.

Reference : Petten. C.F.. Kalvin, H.A. & Kelton, EM. Halodehydroxylation of
alcohols to yield benzylic and allkyl halides in ionic liguids. Susioin Chesr
Process 3, 16 (2013). https://doi.org’ 1 0.1186/540508-013-0043-4

(A) Which of the following reaction may be used for the formation of 2-

Fluorobutane”

{a) Finkelstein Reaction fb) Stwaris Reaction

(¢) Sandmever Reaction {d) 8;2Reaction

(B) Forthereaction, R-OH+HX —R-X + H,O the rate ol reaction will be highest
with the-

{a) Ethanol (b) Propan-1-ul

{¢) Propan-2-ol {d) 2-Methylbutan-2-ol

(C) When primary, secondary and tertiary alcohols reacts with Lucas' reagent
(HC1+ Anhy. ZnCL), the incorrect observation is-
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{a) Primary alcohol gives turbidity immediately.

(b) Secondary alcohols gives turbidity in 5-10 minutes,
(¢) Tertiary aleohols are most reactive.

(d) Reactionfollows S, 1 pathway.

(D) The correct product of following reaction is-

|_I. T Rr .
@ S~ ailki>
Br B
& Br .
g e & I
B . i

Read the passage and answer the tollowing questions:

Bimolecular nucleophilie substitution (8,2) reactions constitute one of the most
widely-used organic chemistry reactions, both m chemistry and biclogy. The
general reaction scheme is summarized in Scheme I, where a nucleophile Nu®
attacks the central atom A and simultaneously a leaving group LG is displaced. The
reaction can proceed for either amionic species (typically ql=g4<0), neutral
(radical) species (typically gql=g2=q3+g4=0). or cationic species (typically
q2=q3=0), together with a wide range of nucleophiles, leaving groups and central
atoms. The pumber and nature of the substitaents around the central atom play a

major role in determining reactivity.

—02 + =
g, o faa R
.I‘!'L _L1-i Ie NU _____ \,ﬁ_ _____ L G - S‘JU H‘L | L{"jlﬂ
“d |
B R, R R R, R
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5,2 substitution 18, m principle, always m competition with base induced elimination

(E2), and the two pathways may occur as unwanted side reactions of each other.

1 ¥
| \1 X
. (—i=n | —® C—C 5%
{-.I_,.-f'--,'I Y H )
I =
| o
v
X+ €—C
v .
F Y
ja X T
B2 N 81
_ —— SHIC=C'<g +XH+Y
= C—C=H

Reference : T A Hamlin, M. Swart. F. M. Bickelhaupt. Nucleophilic Substitution

(5,2): Dependence on Nucleophile, Leaving Group, Central Atom,

Substituents, and Solvent ChemPhysChen: 2018, 19, 1315,

(A) Which of the followmg molecule loads to fastest reaction according to 5,2
mechanism?

{a) 2-Chloropropane (b) 1-Chloropropane

{¢) Chlorophenyimethane {d) 2-Chloroioluene

{(B) Ingivenreactions, X and Y are respectively-

Cl
t-BuONa - X ag. KOH
" :
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{a) Pent-l-ene, Pent-2-ene

{b) Peni-2-ene, Pentan-2-ol
(c) Pentan-2-ol.Penli-2-ene
{(d) Pent- | -ene, Pentan-2-ol

(C) Which of the following haloalkane reacts with nucleophile forming racemic

mixture?
{a) 1-Chloropropane {b) Chlorobenzene
(¢} 2-Chlorobutane (d) 1-Chlorobutane

(D) Which of the following statement is incorrect about 5,2 reaction?
{a) Ittakesplaceinsinglestep.

(b) Itisaccompanied by the inversion of configuration.

{¢) Stability of carbocation determines the rate ofreaction.

{(d) lodopropanegundergoes S, 2 faster than Chloropropanc.

Read the passage and answers the following questions:

Nucleophilic substitution reaction of halcalkane can be conducted according (o
both 8,1 and 5,2 mechanisms, However, which mechanism it is based on is
related to such factors as the structure of haloalkane, and properties of leaving
group, ucleophilic reagent and solvent.

Influences of halogen : No matter which mechanism the nucleophilic
substitution reaction is based on, the leaving group always leave the central
carbon atom with electron pair. This is just the opposite of the situation that
nucleophilic reagent attacks the central carbon atom with electron pair
Therefore, the weaker the alkalinity of leaving group is , the more stable
the anion formed is and it will be more easier for the leaving group to leave the
central carbon atom; that is to say, the reactant 18 more easier 10 be substituled,
The alkalinity order of halogen ion is F < Br = CI < F and the order of their
leaving tendency shouldbe I = Br-=Cl =T . Therefore, in four halides with the
same alkyl and different halogens, the order of substitution reaction rate is RI>
RBr > RCI = RF. In addition, if the leaving group is very casy lo leave, many
carbocation intermediates are penerated in the reaction and the reaction is
based on 5,1 mechanism. If the leaving group is nol easy (o leave, the reaction is
hased on 5,2 mechanism.
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Influences of solvent polarity: In 5,1 reaction, the polarity of the system
increases from the reactant to the transition state. because polar solvent has a
creater stabilizing effect on the tramnsition stale than the reactant, thereby reduce
activation energy and accelerate the reaction. In 8,2 reaction, the polarity, of the
system- generally does not change from the reactant to the transition state and
only charge dispersion occwrs. Af this fime, polar solvent has a great stabilizing
effect on Nu than the transition state. thereby increasing activation energy and
low down the reaction rate. For example. the decomposition rate ( S,1) of
tertiary chlorobutane in 25°C water (dieleciric constant 79) is 300000 times
faster than in ethanol (dielectric comstant 24). The reaction rate (8,2) of 2-
bromopropane and NaOH in ethanol contaming 40% water 18 twice slower than
in absolute ethanol, In a word. the level of solvent polarity has influence on both
S, and 8 2reactions, but with different results. Generally speaking. weak
polar solvent iz favorable for 5,2 reaction, while strong polar solvent is
favorable for 8,1 reaction. because only under the action of polar solvent can
halogenated hydrocarbon dissociate into carbocation and halogen iom and
solvents with a strong polanity 1s favorable for solvation of carboeation,
increasing its stability. Generally speaking, the substitution reaction of tertiary
haloalkane is based on 5.1 mechamsm in sclvents with a strong polarity (lor
exanmple, ethancl containing water).

Reference A Briel Discussion on Nucleophilic Substitution Reaction on
Saturated Carbon Atom. In Applied Mechanics and Muterials (Vol. 312, pp.
433-437). Trans. Tech Publications Ltd.) (Ding, Y. (2013).

A) Solvent in which S, | mechanism is favoured 1s:
a) benzene
b} carbon tetrachloride
;E acetic acid
carbon disulphide

(B) Nucleophilic substitution will be fastest in case of:
{8) 1-Chloro-2,2-dimethy! propane

{b) 1-Iodo-2,2-dimethy] ptopane

{¢) 1-Bromo-2.2-dimethy] propane

{d) 1-Flugro-2.2-dimethy| propane

{C) 8,1 reaction will be fastest in which of the following solvents?
{a) Aceione (dielectric constant 21)

(b) Ethanol (dielectric constant 24)

{¢) Methanol (dieleciric constant 32)

{d) Chloroform (dielectric constant 5)
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(D) Polar solvents make the reaction faster as they:

(a) destabilize transition state and decrease the activation energy
() destabilize transition state and increase the activation energy
{c) stabilize transition state and increase the activalion energy

{d) stabilize transition state and decrease the activation energy
8,1 reaction will be fastest in case oft

{a) I-Chloro-2-methylpropane

(b) 1-lodo-2-methylpropane

(c) 1-Chlorobutane

{d) 1-Todobutans

(E)

ANSWERS

I MULTIPLE CHOICE QUESTIONS

I.b 2. a 3.3 4. b 5.c 6.d 7. b ga 2.b
10.a 1Lb 12.a 13.a 14, ¢ 15.b 16.a 17.¢  1&.b
19.d  20.d 21.4
o FILL INTHE BLANKS
I. Fittig 2. Racemic mixture,
3. (rignard reagent. 4. p-chloroacetophenone.
5. lodoform. 6. Insoluble,soluble.
7. Inversion. 8.  Dextrorotatory.
9. Deactivates
11 ASSERTION REASONTYPE QUESTIONS
1. ¢ 2. b 3 b
4, d 8 a. b
o | S B c
10, a 11. d 12. &
13, ©
IV, ONEWORD TYPE QUESTIONS
I. Ambident nucleophile. 2. Sandmeyer reaction.
3. para-dichlorobenzene. 4. PB-carbon.
5. 5L 6.  Polanmeter.
7.  Enantiomers. 8.  Phosgene
9. DDT 10. Ethane
11. Peni-2-ene 12.  Negative



CASESTUDY BASED QUESTIONS
1.

2
3.
4

(A)-=(c)
(A)-(b)
(A)=(b)
{(A)-(c)

(B)-(b)
(B)-(d)
(B)-(b)
(B)-(b)

(C)-(a)
(C)-(a)
(C)-(c)
(C)-(c)

(D)= (d)
(D)~ (b)
(D)-(e)
(D)-{c)

(E}-(b)
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UNIT TEST-1
HALOALKANES AND HALOARENES
Maximum Marks : 20 Time Allowed : 1 Hr
1.  Wnte IUPAC name of following: (“l 1

2. The correct ascending order of nucleophilic substitution reactions for following
molecules is- 1
{I} Chlorobenzene (11} 4-Nitrochlorobenzene
(I} 4-Chlorotoluens
(a) LILIIL {b) LILI
{e) IILLII d) OLILI
3. Howwill youconvert aniline into iodobenzene? 1

4. Chlorchenzene on reaction with chloromethane in presence of zine chlonde
[orms- !
{a) o-dichlorobenzene
(b} o-chlorotoluene
{c} p-chlorotoluene
{d) o-chlorotoluene and p-chlorotoluene
5. Acolution of a molecule (X) rotates plane polarised light 32° clockwise. Which of
the following is incorrect? 1
(a) Xisopticallyactive
(b) Xis dextrorotatory
(¢) Xhasallachirzl carbons
{d) X formsnon-superimposable
6.  Whichofthe following undergoes S,2 reaction faster and Why? 2

CHCI CH,Cl
f !

Il ) &« [ ]
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10.

11.

How will you synthesize Tollowing from aniline? Write chemical equations.

(1)  Chlorobenzene (1) Todobenzene
Explain following giving examples:

(1) tecemicnuxture (11} enantiomers
What happens when:

(1} Bromoethane reacts with sodium ethoxide

(ii) Chloroethanc reacts with AgCN,

{ii1) 2-Bromo-2-methylbutane is heated with ethanolic KOTH.
Explain following:

b

b

3

(i} Aryl chlorides and bromides can be easily prepared by electrophilic

substitution of aromatic hydrocarbong with chlorine and bromine respectively

in the presence of Lewis acid catalysts but for preparation of aryl iodides

presence of an oxidising agent is required.

(i) Grignard reagent is keptunder anhydrous conditions.

(iii} Reactions through 5,2 mechanisms are accompanied by inversion of

configuration,
Convert the following:
(i} Ethanoltoiodoethane
{ii) Toluenetobenzyl aleohol
{i1) Benzene to diphenyl.
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UNIT TEST-2
NALOALKANES AND HALOARENES
Maximum Marks : 20 CH, Time Allowed : 1 Hr
I.  Write the TUPAC name of 15C ™ —{ _H 1
CH, Br
2, Tdentify A & B
y A
~_— CH-CH=CH,
|. S ____:__I_B_T
Peroxjg. ™ B

3. Define ambident nucleophile with suitable examples. 1
4. Tow will you convert chlorgethane into butane? |
5. OutofC H,CH,CI and C.H,CHCI C_H,, which is more easily hydrolvsed by

queous KOH ? |
6. (i) Chloroform is kept in completely filled bottles in dark. Explain the reason.

(ii) Mention one application of Iodoform 2
7.  How Grignard's reagent is prepared using alkyl halides 7 Why 1t is kept under

anhydrous conditions 7 2
8. Explain following terms giving exmpales: 2

{1} Chiralitw

{11) Inversion of configuration
9. Discuss mechanisms of S,1 and 5,2 taking appropriate examples of optically

active alkyl halides. 3
1.  Which of the following undergoes 8,2 faster and why?

{a) Cl , Br

v Oc &/ ™
O =~~~ CH,CI
@) e
i Br o BI‘

@ L | Or |___ J

11. Convert following: 3

(i) Aniline to phenylizsocyanide
{ii) Benzene to 4-Bromonitrobenzene
(iii) Propene to Propan-1-ol



Is'and Ethers

< Points to Remember >

- -
Classification uf Alcohaols:

(a) Containg sp* C-OH bond_ (i}-CH,-OH (1%), (i) > CH-DH(2%). (iii)— c— OH (3%
Allylie: CH,=CH-CH, OH

(iv)Benzylic: @\m]

(h) Containg sp' C-OH bond - Vinylic (i) CH,=CH-OH

OH
{11)Phenals: @l

Classification of ethers:

simple/Symmetnie; Alkylfaryl groups attached to oxygen are same e.g.
CH,CH.OCH,CH,
Mized/Unsymmetric; Two different alkyl/aryl groups attached to oxygen e.g.

MEH;_li’J‘CHJCTH:L
Nomenclature:

Alcohols: Common names {Alkyl group + alcohol)

IUPAC (Alkan+ol. substituting -e by - ol e.g. ethanol)

Phenols: Common names (as derivatives of phenol with position like ortho-.
meta-,para-)

TUPAC (Derivatives of phenols with numbers like 1.2-,1,3-e.g.
2-Nitrophenol or o-nitrophenol)

Ethers: Commeon names (alkyl/aryl groups in alphabetical order followed by

ether e.g. ethyl methylether) [UPAC (In alkyl/aryl gronp-e is replaced by oxy
followed by parent hydrocarbon e.g. methoxyethane)

Yo 5 -

Classification and Nomenclature
of Alcohols and ethers




(Preparation of Alcohols

1. From alkenes:
) By acid catalyzed hydratdon Markenikov's

addition}
1) (

" an
b} By hydroboration-Usidadoni Anti-Marlonikayv)
3CH,-CH-CH. +(H-BH, \.—(CH,-CH-CH,),B.
H,0 (H0,0H

3CH,-CH,-OH + B (OH),

2. From carbonyl compounds
i) By reduction of aldelivdes and ketones

-CHO + H,BRCH,0H

NaBH,

LOR ————» R

-~
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Preparation of Phennl
1. From Haloalkanes

Cl ONa OH

Oreor B0

2. From Benzene sulphonic acid
,H H
@ Cilewm » | lj -

3. From Diazoniom salis

Malll
i) IT

: H, v ct I
R R
b} By reduetion of earboxylic acids and esters _u_pN;I'é{I}_' ©—i—pfuﬁ:j
coon LA, I]‘I*‘;H* RCH,0H P
i -
RCOOH %REQDR'%;RGH,{IHJ&EGH Ol OH
3. From Crignnrd reagent 'Mg}f H 9 }fﬂ >
b 1.00%
>=0 + R-Mai-—» ' ﬂ:@,; Mg iH
R o
For Primary aicohol-+ methanal | formaldehyde) g
Secondary -+ aldehydes other than methanal
Tertiary —  Kotomes ame used with sppropriame:
Grignard Teagent
A i,
\ Preparation of Alcohols,
Phenols and Ethers

fPr&puraﬁun of Ethers

1. By dehydration of alcohols
CH,CH,OH, -%‘Jl% CH,CH,0CH,CH,
2. Williamsons Synthesis

RX +R-ONa —» R-O-R'

ONa

H
A N20] —»

5us




Physical Properties and Reactions of
Alcohols and phenols

fn] Physical properties:

Boiling point increases with increase of
cabon chain

«  Solubility dscreases with increase in size
of alkeyl aryl group

(i) Chemical properties:

(1) ZR-0-H+IMNa—w 2 }!'.-E.‘r1~.ia+1‘—f2
Acidifty-prmary=gecondary=tertiany

(ii) AvRO-H+R'-COOH i~
ArROCOR'+H,0 (Esterification)
ROHAHX —* B-XHH OfwithAnhydrous
ZnCl+HCL Lucags Test)

Order: Primary = Secondary < Tertiary

: S0,
(iii) Q}LDH%EF CH~=CH,+H,0:
Order: Primary<secordary<tertiary

(iv) RCTLDH—PEE—F RCHO——R- COOH

~
diL4ND Ié/“ /@/0
H
cone. TTNO, !
NG,
H 0OH
Br,in =
: r_@}iil
B
H
B
Ri/H,0 d
Bt
In
2 O
Ha.lr,0)
HE0,
Kolbe's reaction; -
I A JH
[aslaldl
18] o0 !
@ M*@—-EH Salioylic acid
Reimigr Tiemann reaction: L
d Ma H
CHO CHO
Salicylaldehyde
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Mechanisins:
a) Hydration of Alkenes

=CHHO 22 k¢
II g

CH, CH-CHAHOE=>  CH, CHCH,
DI

Mechanism of hydration of ethene
The mechanism of the reaction involves the following three steps:
Siep 1: Protonation of alkene to form carbocation by electrophilic aitack of
HLO+H— H,0

o H
=+ He=—>¢ - +H0

Step 2: Nocleophilic attack of water on carbocation.

—¢!=c*;+ H,0=—2-(-C-0'H
Step 3: Deprotonation to form an alcohol.
H H /X H OH
LG lonb—st mo
b) Reaction of Grig_‘nnrd reagent

The first step of the reaction is the nucleophilic addition of Grignard reagent to
the carbonyl group to form an adduct. Hydrolysis of the adduct yields an

alcohol.

5

@ g0
Addnct "'I:‘:i:}

HO, %“GH + Mg(OHIX i}
The overall reactions using different aldehydes and ketones in dry ether
mediwm are as follows:

= H,D
HCHO + EMgX %mlm RCIL,OMgX —— RCH,OH+ Mg(OH)X

1" alcohol

- R
RCOR +R' MgX—>R-CH- OMgX —> R-CH- OH + Mg(OH)X
27 aleohol
R+ o _ K
RCOR +RMgX—> R-C-OMgX—"5R-C- Ol + Mg(OH)X
R k

3% alcohol



¢) Dehydration of Alcohols (Mechanism)

Step 1: Formation of protonated alcohol.

HH HH H
H-C-C- {;}H‘m H-C-C-O"H
HH HH

Eihanol Protonated alcohol
(Ethyl cxonivm ion)

Step 2: Formation of carbocation: It is the slowest step and hence, the rate
determining step of the reaction.

HI o H
H-C-C-0HID> HC-C+H,0
HH HH

Step 3: Formation of ethene by elimination of a proton.

H_H H 7 '[""[{;‘_- {?H -
fy———= 2

The acid used in step | is released in step 3. To drive the equilibrium to the right,
ethene is removed as itis formed.

d) Dehyvdration of alcohol at 413K to form Ether : Mechanism

The formation of ether is a nucleophilic bimolecular reaction (3,2) involving
the attack of alcohol molecule on a protonated alcohol, as indicated below:

(i) CH,- CH,-Q’TI;:-\I-F—» CH,-CH,*O-H
H
= ™ H +
(i) CH,CH,-0); + CH,.CH-0L,, — CH,CH,-0 - CH,CH,+ 1,0
A Uy i
(iii) CH.CH, -0 - CH,CH, — CH,CH,-O-CH,CH, + H'

II

Acidic dehydration of alcohols at 443 K to give an alkene is also associated with
substitation reaction {o give an ether.,
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¢) Reaction of ethers with HI: (Mechanism)

The reaction of an ether with concentrated HI starts with with protonation of

ether molecule.

Step 1:

CH,- - CH,CH,+ o= QL -f-eiel,
Step 2:
Iodide is a good nucleophile. It attacks the least substituted carbon of the
oxonium lon formed in step 1 and displaces an aleohol molecule by 5,2
mechamsm.
Thus. in the cleavage of mixed ethers with two different alkyl groups. The
alcohol and alkyl iodide formed, depend on the nature of alkyl groups. When
primary or secondary allkyl groups are present. it is the lower alkyl group that
forms alkyl 1odide (3,2 reaction).

|
H

@ 5] F
I +CH,-0O-CH,CH,— [r-----cm Q) CIIECII;|~CTI,-I + CILCH,-OH
B

When HI is in excess and the reaction 1s carried out at high temperature. ethanol
reacts with another molecule of Hl and is converted to ethy] fodide.
Step 3

oy 3
{:H,l::u,-Q-H+Hf} T2 CH,.CH,-OH + I

I,

J'“. 3
e,

“OH,— CH,CH,I + H,0



OBJECTIVE TYPE QUESTIONS

MULTIPLE CTIOICE QUESTIONS

Arrange the following compound in decreasing order of boiling point?
{i} Propan-1-ol

(i1} Bulan-2-ol

{iii) Butan-1-ol

{iv) Pentan-1-al

(a) i=ii=ii=iv {b) i=i=iii=iy

(¢) iv=iii=ie=i (d) v

What is the correct order of reactivity of alcohols in the following reaction?

Anhy.,

R-OH+HC| 289 Z0Ch, ¢ cemo

(a) 17525537 (b)  1e53%e
(€ 3120 (d) 3°>2>1°
[UPAC name of the compound :

{a) 1-Methoxy-1 -methylethane (k) 2-Methoxy-2-methylethane
(c) 2-Methoxypropane (d) Tsopropylmethyl ether

The correct order of decreasing acid strength of the following compound 1s:

ot oH OH
..n"l'fcg? L'L‘_-_. P T ]¢: ARy
|| s | | -

e -
o i —
" o e



10.
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{a) i=ii=iii Mb)  dii=ii=i
{c) 1i=i=in (d) 1=
The major product obtained on reaction of phenol with NaOH followed by CO,
and acidification is:
{#) Benzoicacid {b) Salicvlaldehyde
{c) Salicylicacid {d) Phthalic acid
Which of the following aleoho! on dehydration with conc. H,S0, gives but-2-ene?
{a) Butan- -0l (b} Butan-2-ol
{c) 2-Methylpropan-I-ol {d) Doth(a}and(b)
Which of'the following alechol give iodoform test?
{(a) Butan-1-ol (b) Propan-1-ol
{c} Propan-Z-ol {d) Pentan-3-ocne
In the following sequence of reaction. The product D is
B PCl, R Mg % HCHO 2B H,0" i
ether
{a) n-Butylalcohol (b) n-Propylaleohol
{¢) Propanal {dy Butanal

Correct statement in case ofn-butanol and t-Butanol is:
(a) bothare having equal solubility in water

{b) 1-Butanolis more soluble in water

{¢) boiling point of t-butanol is lower than n-butanol
(d) boiling point ofn-butano! iz lower than t-butanol
The major products of following reaction are;

+ HI Heat

(a) |DH y cax ™ |I +

I

0O

@ A _oay N @ A + o



1. Write the IUPAC name of the compound given below.
OH

; ‘ : _-OH

(a) 3-Methylpent-2-ene-1.2-diol
{b) 2-Methylp ent-2-ene-1.2-diol
{e) 3-Methylpent-3-ene-2,3-diol
(d) 3-Methylpent-3-ene-4,5-diol
12.  Which of'the following are used to convert RCHO into RCH,0H?

{a) H,Pd (b) LiAlH,
{c] NaBH, {d) Alloftheabove

13. Monochlorination of teluene in sunlight followed by hydrolysis with aqg.
MNaOI yields-

. (a) o-gresol (b} m-cresol

{¢) 2.4-Dihydroxytoluene {d) Benzylalcohol

14, Theproduct C in given reaction will be

.+
CrlN&
= 125'C i
L ’:,| hiCEh Satm B Ac,O 2
~__OCOCH, .__OH
@ | ] ® [ ]
~F “CODH ~ TrooH
DCOCH, - OH
@ | ] @ ||

oo,



15.

16.

17.

i B ol — |

e -
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Which of the following species can act asthe strongest hase?

{a) OH
(b) OR

(©) OC-H,
(d) ©

’ '.___.mz

CH,CH,0H can be converted into CH,CHO by ...ccccoocvecveererae
{(a) catalytichydrogenation

(b) treatment with LiAIH,

{¢) treatment with pyridinium chlorochromate (PCC)

(d) treatment with KimO,

Which ofthe following reactions will yield phenol?

{a) Fusionof chlorobenzene wrth NaOH at 300 atm.

(b) Diazctization of aniline followed by heating with water,
{c) Sulphonation of benzene followed by reatment with NaOH then acidification.
{(d) Allofthe above

Williamson's synthesis 15 used to prepare

{a) aleohol {(blethers (c) Aldehydes (d) Amines
Which ofthe following compound will be most readily attacked by elecirophile?
{a) Chlorcbenzene (b)Benzene (¢} Phenal (d) Toluene

FILLIN T[[E HIuﬂJu'*"ﬁiiq

Reactionof..............coooe..owith Grignard reagent gives primary alcohols.

Phenols are commercially manufactured by oxidation followed by
acidification of...........ccciniinie

Reaction of aleohols/phenals with carboxylic acids is termed as.. i
........................ test is used to distinguish primary, secondary and tertiary alcohols.
Dehydration oftertiary alcoholsis ..o, voereoothan primary aleohols.
Dehydration ofaleohols toformetheris ... typereaction.

Benzyl alcohol on reaction with KMnQ, followed by acidification forms............ .
S0CI, converts Propan-1 0110 ...
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I

ASSERTION REASON TYPE QUESTIONS

In the following questions a statement of Assertion followed by a statement of Reason 1s

given. Choose the correct answer out of the following choices.

i)
iB)

(C)
(D)

Assertion and reason both are correct and reason is correct explation of assertion
Both assertion and reason are ¢orrect statement but reason is not correct explation
of assertion.

Assertion 18 correct statement but reason 15 wrong statement.

Assertion 1s wrong statermnent but reason is correct statement.

ASSERTTION : p-Nitrophenol is more acidic than phenol.

REASON : Nitro group helps in the stabilization of the phenoxide ion by dispersal
of negative charge due to resonance.

ASSERTION : TUPAC name of the eompound is 2-Ethoxy-2-methylethane:

'--.___.{l e

REASON : In ITUPAC nomenclature, ether is regarded as hydrocarbon deiivative in
which a hydrogen atom is replaced by -OR or -OATr group [where, R= allcyl group
and Ar=aryl group].

ASSERTION : Bond angle in ethers is slightly less than the tetrahedral angle,
REASON : There 15 arepulsion between the two bulloy (-R) groups,

ASSERTION : o-Nitrophenol is less soluble in water than the —m and p-isomers.
REASON: - and p-Nitrophenols exist as associated molecule.

ASSERTION : Like bromuination of benzene, bromination of phenol is also carmed
out in the presence of Lewis acid .

REASON: Lewis acid polarises the bromine molecule,

ASSERTION : Ethanol is aweaker acid than phenol.

REASON : Sodium ethoxide may be prepared by the reaction of ethanol with
agueous NaOH.

ASSERTION : Phenols give o-and p-Nitrophenol on nitration with dil. HNO,,
REASON : -OH group in phenol iz o-, p- directing.
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13.
14.
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ASSERTION : (CIL,), C- O-CTL gives (CFH,), C-T and CILO on treatment

with HI

REASON : The reaction occur by SN' mechanism

ASSERTTON : Protonation of phenol is difficult than ethanol.

REASON : Ethyl gronp in ethanol is electron releasing.

ASSERTION : Tertiary alcohols gives turbidity almost immediately on treatment
with ZnCl, /HCL.

REASON : Tertiary carbocation formed is very stable and undergoes substitution
easily.

ONEWORDTYPE QUESTIONS

Which reagent used to converl primary alcohol to carboxylic acid?
Outof artho and para- Nitrophenol which is more steam volatile?
Write the major product of bromination of anisole?
Givenamereaction used to converi phenol to salicvlaldehvde”
Out of picric acid and phenol. which ismore acidic?
Which reagent could be used to reduce aldehyde selectively in presence of ester
group?
MName the reagent(s) used (o conver! propene to propan-l-ol?
Out of primary, secondary and tertiary alcohols which is most acidic?
Write IUPAC of the product formed, when phenol is treated with cone. HNO, .
Draw strueture of hex-1-en-3-0l.
Give aname of chemical test to distinguish between pentan-3-one and pentan-2-
one.
bonding is responsible tor solubility of ethanol in water,
Name the product fromed when phenol iz treated with Na,Cr,0,/TL50,
Write [JUPAC name ol aspirin,



Ans;

Ans:

Ans:

Lh

Ans;

Ans:

Ans:

(r ]
H

VERY SHORT ANSWER TYPE QUESTIONS (1 Mark) |
Write [UPAC name ofthe follovang compound:

OH
k. J
"I L - - - "
ey, - o ‘|__ - “ OI—I
2.5-Dimethylhexan-1.3-diol
How is phienc] obtained from aniline 7
NI, ll'ifﬂl ?H
| A
|’ " NaNO,HC |'|' “| IL,OAT | & |
r - r —_ -_. o
F 08¢ ~F 0-5°C :

-

Why phenolis acidic mnature ?

Due to stability of phenoxide ion by resonance

Among HL HBr and HCT which is mosi reactive towatds aleohols. Why?
Due to lowest bond dissociation enthalpy of TIL. it is most reactive.

Name acompound which is used as antiseptic as well as disinfectant’.
Solution of phenaoi : 0.2% antiseptic, 2% disinfectant

Whatis nitrating mixture for menosubstitution of phenol?

Dilute HNO,

Arrange the following in decreasing order of their acidic character,

0 oH OH

P
¥

(¢)=(b)>(a)
Why lower aleohols are soluble in water while higher alcohols are not?

Due to formation of hydrogen bonds, lower aleohols are soluble but increase in
hydrophobic chain decreases solubility.
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9. Compleie the following reaction !

QT
A - Cone
|Z_ ,| +HNO, _T'-:[DEE}
o ? +1L,0
Ans: i
ON el l::'t,-..l _NO,
. T..-.'..-
ON

10.  What happens when CH,CH,OH heated withred Pand H1 7
Ans:. -
< on + xm  RP  ecnosL+m0
11, Ethanolhashigher boiling point than Methoxymethane. Give reason.
Anps: Because of intermolecular H- bonding in ethanol,

12.  Explain Kolbe's reaction with example.

-+
Ans. ON oH
a COON 1" o
. s a i |
o 400K dil, HC| X 'E'?{}
L ﬁ;;.| PO e L J “NaCl L]
- " -"-\._'f-'.
13,  Howcould youconvert ethanol to ethene 7
Ans.,
Cone. H,50,
: GH = HIC=CH2 T H]{:I
443K
14. Explain Reimer-Tiemann reaction.
ElllH ONa OH
7%, CHCltaqNaOH - ey H CHO

Ans. | ]

|__ | - S - | |

= e ¥
-2y e S



15, How will you get benzoquinone from phenol?

OH 0

~"=5 Na,Cr0, o B
N I ]
|'-- J H,50, )

Ans

16. Prediet the major product of acid catalysed dehydration of
I-Methvleyvelohexanal

C
CH, on s

WA """QI
Major

17.  Whatisthe significance of pyridine in following reaction.

7
Of OC—R
| !
|| | +RCOC Pyridine - I«;" “ el
Major

Ans. Toremove HCI from product side and shift the reaction in forward direction.
18. WritetheTUPAC nameof ~ NC:

e

Ans: 1—Eﬂmxy~2~n1ﬂm5mlahfxane.-
19. Howisacetone obtamed from 2- bromopropane 7
Ans. CH~C !ll-l -CH,+KOH{agq) — CH;Cll-LCH.,
Cu
i

CH,-C-CH,
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20.  Which alechol contain the -OH group attach to a sp’ hybridised carbon atom
nextto an aromatic ring.

Ans. Benzylalcohol CH,-OH

-

5 o

21.  Which chemical is used as wood spirit ?

Ans. Methanol CH,OH

22. Why boiling point of ethers are much lower than those of alcohels of
comparable molecular masses.

Ans. There is no H-bonding in ethers which is present in alcohol.

23, Which testis used to distinguish between phenol and benzyl Aleohol.

Ans. MWeutral Fe(l,
Phenol gives violet colour with ag. FeCl, while benzyl alcchol does not.

24, Why does phenol notundergo protonation easily.

Ans. Inphenol, there 1s positive charge, in its resonation structure, therefore does not

undego protonation,
25, Wnie the steps involved in conversion of phenol to anisole.
Ans.  oH ONa" sy
J . NaOH %,  CHJ
@ e = L
. m;isule

SHORT ANSWER TYPE QUESTIONS (2 or 3 Miurks) |

1. Out of -Butyl aleohol and n-Bulanol, which one will undergo scid catalysed
dehydration faster and why?

Ang: (-Butyl aleohol will undergo dehvdration faster due to formation of stable tertiary
carbocation intermediate.

2. Carryoutthe following conversions:

{a) Phenoltosalicaldehyde
(b} t-Butvlchloride to t-butyl ethyl ether
{e) Propenetopropan-l-ol
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3. Write the steps involved in the mechanism for the formation ef ethanol from ethene,
Ans, Refer Points to remember
4, Prodietthe reagent for carrying out the followmg conversions:
(a) Phenolto benzoquinone
(b} Anisole top-bromoanisale
(c) Phenolto 24, 6-tribromophenol
Ans. (a) NaCr,0/H (b)Br,/CH,COOH (¢) Br,/H,0
5. Wnie one chemical reaction to illustrate the following:
(a) Reimer-Tiemann rgaction
(b) Williamson synthesis

Ans:
OH .
CHCY, + NaOHrad) - .
@ : > A _cHo, _@NaOH w Lo
4 OCH,
fJJNu
o) ll =‘ + CHLBr | J + NaBr

6.  Complete the following the equations and name the products:

i

(i) ['f' | + FeCl, (aq) »

o,

e R ,.-‘DH
@ [ ] +cnc,+Naon K,



Alcohols, Phenols and Ethers | 203

_—=_-OH

(iii) ~
- L +Br,lag)
ONa
--""L*~~ 400K
o | ] o Sa
T (o'
Ans: (i) [Fe(C,H,0),]"+HC1
OH
W ___cHO
i S
- +NaCl+H,0
{iii) OH
L Br

B‘I e . =i ___,-"

7. Write an example tor the following name reactions :

{a) Friedel-Crafis alkylation of anisole (b) Coupling reaction
Amns: (a)
OCH, OCH, OCH,
iy I |
=g e _.-u.! _ H\._-‘_\. s ; -~ |
|| +oma Achydaich | ]
o, e b e l‘::?
(b) =5
J,-t" ’t\
CH :ﬁai——:l +CH,0H _pﬁp ’-:1'-»\ J,.’r..-::'_ —H=N"f§;:~.\ ;,'._'-—DH +HCl
LN, F 1“‘ Iy,
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Ans:

10.

II-

Ans:

12.

Ans:

Account for the following:

{a) Phenol has a smaller dipole moment than methanol.

{b) Phenol undergoes electrophilic substitution reactions faster than benzene.

{a) Due to delocalization of electrons of oxygen in phenol.

(b} Due to +R effect of -OH group in phenol which activates phenyl nucleus by
incréasing electron density as compared (o benzene.

(tive one reaction of alechol involving cleavage of !

{a) C-Obond by ©O-Hbond
Dla)
- Ton +PCI = LB wHE
()
op tNe@® S o +H,
TONa

Ethereal solution of an organic compound X' when heated with Mg gave "Y' which
on treatment with CH,CHO followed by acid hyvdrolysis gave 2-Propanol. Identity
the compound X', What 15 "Y" kmown as ?

dry ether
CH,Br+ Mg CH,MgBr
(X) (Y) i
OMzBr s Ol
B + CHMgBy dryether S |
CHO AN A

Phenolismore acidic than alecohol: Give reason.

Due to resonance stabilised phenoxide ion

While separating a mixture of - and p-nitrophenols by steam distillation. name the
isomerwhich is steam volatila? Give reazons,

o-Nitrophenol is steam volatile because it 15 not stabilized by intermolecular

hydrogen bondmg.
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13, Write the reactions and conditions involved in the conversion ol
{a) Propenetopropan-2-ol
(b) Phenol tosalicylic acid

Kiss OH
® L~ QL HSO, | :
= +H,0 443K
OH
' OH y
(b) " +co, MeoH, L___€ooN OH
N - Ll Lo . L coon

14.  Write the chemical reaction of Hl with Methoxymethane.

Ans:
e H
_:(_'.21 by I |
H-1 - : 0 H
H +H
G R .oy [ 1
= I 0. | —* CHI +CH,-OH

15.  Ethers are relatively inert, Tustify

Ans: Due to absence of any active site in their molecules, divalent oxygen is linked to
carbon atoms on both sides (C-0-C),

16. Howwill vou distinguish between CH,OH and C,H,OH"

Ans: CH,OH +4,+3Na,C0, heal CH [+ HCOONa+5Nal+2H,0+3C0,

17. Which of the following is an appropriate sct of reactants for the preparation of
1-Methoxy-4- nitrobenzene and why?

Ilq-{}l NUJ‘
o = =% by .,
Ans: () [[ ] +CHONa U R PUCT) 9
S L == !
Br DN
a
NO, NO
[ I
W0 ) +cam A ilin
— L ——
ONa OCH,

Haloarene undergoes nucleophilic substitution reactions i drastic conditions hence

correct option is(i).
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18, Arrange in order of boiling points :

(a) CH,-0-CH, CHCOOH,CH,OH

(b) C,H.CHO,CH,COC,H,, C,H,COOCH,. (CH,C0),0
Ans: (a) CH,COOH=CH,OH>CH-0-CH,

(b) (CH,CO),0>C,H.CO0CH,> CH,COC,Ha CH.CHO
19. Describe the following reactions with examples |

(a) Reimer-Tiemann reaction

(b) Kolbe's reaction

(¢) Friedel Crafis acylation ofanisole

Ans:
i gy
O ONa ONa
~ %y CH |,»L.HU¢ | _CTo D[H
W1 Jywor [ ] NaOH , [ 7 HO' | Sy LHO
" .._.-h.;:___ ..-.:;-I |
T)Na {I:"NE
) s 4006 . | _COONa OH
[T Tam” (Y d.aq , L _coon
S L. i‘ |
OCH, _— Salieylic acid
i . _— H,
R T S . ?C
| | enhyd AT U o @S
- t o~
. -\._-.'--.: I
[10%]
COCH,
[96%]

20. Give equations of the following reactions:
(a) BromineinCS, with phenol
(h) Treating phenol with chloroform in presence of aqueous NaOTl
(¢) Oxidation ofpropan-1-ol with alkaline KMnO, solution.
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O
| o OH
O Y em s N B A
.-..""'-\.\_'.:d:: “ #..:J 4 | ' |
] '-.}f;--’
TIII Br
@ ) cHen So0HMIE g AN
g Reimer-Tiemann || I
4 Reaction Zh
- CHO
_~_ .OH ~Alkaline _
@ o0, ook

21.  Write the structure of the major products of the following:
{a) Mononitration of 3-Methylphenol
(b) Dinitration of 3-Methylphenol
(¢} Mononitration of phenyl ethanoate
Ans: -OH and -CH,are o-and p-directing groups. The produets are:

oIl
O S e
a [l | ON |::
I__"' EH; ﬂnd |~- L
NO, D 5 ¢
oH
®) N~
e i -
NO,
OCOCH,
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22. Dehydration of alcohols to form an alkene is always carried out with cone. H 80,
andnot with conc. HCl or HNO,. Explain.

Ans: Inacidic medium alechols are protonated then lozses H,O to form a carbocation. Tf
HClis used which is strong nucleophile causes nucleophilic substitution and HNO,
¢auses oxidation.

23. Name the reagents which arc used in the following conversions:

(a) Primaryalcohol toanaldehyde
(b} Butan-2-oneto Butan-2-ol
{¢) Phenolto2.4.6-Trinitrophenol

Ans: {i) PCC,acomplexofchromium trioxide with pyridine and FICL
(i) NaBH,, sodium borohydnde
{iii) Conc NGO, +TLS0,

24, Wrte major products offollowing reactions;

i} _—~__CHO H,/Pd .
{i1) ~ " N DH rcC
=) (i) B,H,
i) (ii) H,0,/0H

(i) agq. NaOH

{iv) C.H.OH - :
(i) CO, H

(v) CH,Br-CH,Br KOH faq)

(vi) CJFLNIL, (i) NaNO/HCI
(ii) 0-5°C

Ans: (i) CH,CH,CH,CH,0H



25.

Ans;
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(i) CH,CH=CFCHO
(1) CH,CH,CH,0H
(iv) OH

| COon

(v CHOH-CH,OH

(vi) CH,CH,OH

How will you carry out following conversion ;
{a) Phenolto Cyclohexanol

{b) Benzylchloride to Benzyl alcohol

{c) Anisoleto phenol

OH OH
® [ =)
CH,CI CH,0H
(b) = — =
I T e
OCH, OH
ii
e " ) vem

LONG ANSWER TYPE QUESTIONS (5 Marks) |

An alcohol 'A' (C,H ;0) on oxidation with acidified K,Cr,0, gives carboxylic acid
‘B* (C,HO,). Compound “A™ when dehydrated with conc. H,S0, at 443K gives
compound *C* with aqueons H,S0,. *C’ gives compeund ‘D’ (C,H,,0) which is an

isomer of “A*. Compound ‘D' is resistant to oxidation but compound ‘A’ can be

easily oxidised. Identifv A.B, C and D and write their structure,



Ans: A (CIL),CHCH,0H C: (CH,),C=CH,
B: CH,CHICH)COOH D: (CH,},.C-OH
2. An ether ‘A° (C,1,0) when heated with excess of hot conc. T produced two alkyl
halicdes which on hydrolysis form compound B amd 'C' . Oxidation of B gives an
acid T whereas oxidation of 'C’ gave a ketone 'E'. Deduce the structure of A, B, C,Dand E.
Ans:
OH
o Lk
’ ' D. CH,- COOH
(8]
E.

3. a)Which ofthe following compounds gives fastest reaction with HBrand why?

® ge T (if
50 _-on
H,C OH =
OH |
(i) (iv) -

Ans: (i) (CH,),C-OH

Due to formation more stable of carbocation

b) Convert the following:
(i) Toluens from Phenal
(1) Phenol from Aniline,
Ans. (i) o i
o Zn CH B =
6 ) 2 D2 )
NH, A (a1}
"5'1 B :."-'l i i
@ [ _HNG, | - [ |
S 0-5°C 4 wanm =
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Phenol, C,H,OH when reacts with concentrated sulphuric acid, forms Y. The
compound, "Y' is reacted with concentrated nitric acid to form "2, Identify "Y'
and "Z' Explain why phenol is not converted commercially to 'Z' by reacting it

with come. HIND,

Ans; OH i
| -804 ON-_ _..-J:_-%,?_'_,,.J*ll:.‘r2
Il (-
o 'l o )
| 0 (Piciie acid)

(Y)
Reason: Picric acid yield 1s very poor.

5. Write the strucutre of the main product in the following reactions:
' . ACH = CH,
(i) |.| | : .
- +HO——
L ame G
(ii) || ?| HI
.
iy | | 2, o
L H,50,
. OH
» -
{iv) s,
hgBr
(v) HCHO .-
+
OH
Ans. (i)CH,-CH-CH,
R
a e GJ.'I Yo Ho
() [ 4 CH,CHI (i) [ |
. .\_?I_.-'
O
OH oH
{iv) !t__ﬂ_.l L.ﬁ.,‘_| (v) H-C-n
: T

Br [ B

o
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Ans,

Ans,

An organic compound 'A' (CH,0) reacts with sodium to form a compound
'B' with the evolution of H,. 'A' gives a yellow compound 'C on reacting with
lodine and NaOH. When heated with conc, H,80, form 'D" which on reaction
with cone. I at 373 K gives compound 'E'. The compound T is also
obtained when 'B' is heated with E'. Identify A, B, C.ID. E . Write the equation
for the reactions mvolved.

A-CH,CH,0H
MNa
CH‘CH!DH i CHxCI'LD NEJ._‘_HJ
'A' Cﬂﬂe-(z lB}
CHI, CH;CHZ—?S;H,--:ﬂ:
(C)
l R 1
CI,CH,]
(E)

Two compounds [A] and [B] have molecolar formula CH.O on reacting
with HI, [A] gives alkyl iodide and waler while [B] give alkyl iodide
and alcohol. Identify compounds [A | and [B] write the reaction involved.
A-CHOH+HI——» CH,1

B-CH,OCH,+HI— CH,I+CH,OH

Acompound [A]C,H O is found to be soluble in sulpheric acid . [A ]| does
notreacl with Na or KMn(O,. On heating with excess ol HL it is converted inlo
single alkyl halide, Identity compound [A]

[A]-CH,CH,0-CH,CH,+HI — *2CH,CH,I

(a) Write the chemical equation for the following reaction

(1) Friedel-Craft allcylation inanisole

(11) Mitration ofanisole

(1i1) Bromination of anisole in ethanolic medium

(b) Explain alloyl aryl ether directs the incoming substituents towards ortho
and para position inthe ring

(a)(i) OcCH, OCH,
. RCOCUAnhy AICL S0 R
'-.__;-\.'i - D
.. OCH, OCH, oCT,
(11} = HNO/ I__,__:L__I_i_ MO, " _I.-~.._L_:|
I8 | “230“ il o L i
MO,
_ocw, OCH, OCH,
() Br, e B i
. —% [ | + [
. Tl Eihonoic acid e e



(b)

10
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TDue toresonane

I + t i

OR ORr G_R 'DR‘FJ {OR
I“_r_,_,:; . ' e g‘_.li. e jii 4

L. [ J*e ol I O Je——[ |

e by
(1) Write the chemical test to distinguish between following pairs of compounds
(a)Ethanol and Propan-2-ol

{b)Butan-1-oland Phenol

(c) Propan-2-ol and pentan-3-ol

{d)Phenol and Anisale

{11} Write reageni(s) to carry out following conversions:

{a) Dehydrogeration of ethanol to cthanal

(b} Phenol to Benzene

(i) (a) Lucas Test (anhy ZnCl, + HCI)

(b)ag. FeCl solution

(c) Iodoform lest

{¢) Neuiral FeCl, solution

{d)MNeutral FeCl, test

{11} {a) Cu/573K

{b}zine dust
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CASE-STUDY BASED QUESTTIONS
1.  Readthe passage and answer the following guestions:

In the past few decades, phenols have receirved great atiention in modern synthetic
chemistry since ever Runge snd Laurent made the first discovery in 1834 and 1841.
respectively with regard to this motif, which is frequently found in natural products,
flavonoids and pharmaceutically important compounds associated with certain
bioactivitics, such as antibacterial, untifungal, amtibiotic, anti-inflammatory, antiviral,
anxiolytic and antioxidant activities. Conventional methods for the large-scale synthesis
of phenols include the Hock process, diazotization of aromatic amines and nucleophilic
substitution reactions. Academicians have focused on the development of alternative
approaches. for example, C-I activation of arenes and oxidafion of C-Si bonds and
C-hale bonds. Recently, the direct hydroxylation of aryl boronic acids to phenols has
gainad a lot of attention. In this context. a variety of oxidative methods employing metal
catalysts, Cu(OAc),-H,0,, CuS0,-phenanthroling, CuC l,-miceller systems, Cu,(0-NH.,
[Rulbpy).C1,]-6H,0. ALO.-H,O,, and H,BO,-H,OQ, has been developed. On the other
hand, the metal-free oxidative process are also competitive. Oxone. nBo NSO,
NH,OH. H,O,-pols{N-vinylpymrolidone). I,-H,0,, Amberlite IR-120-H,0,. N-oxides.
MCPBA, NaClO,, photoredox catalysis. electrochemical oxidation, (NH,),S,0,. PEG-
400-H,0,, WERSA-H,0,, WEBPA-H,0,, nanoparticles of Ag, Cu,0, and Fe,O,/silica gel
and T!ll?[F.r’{H JCON. Despile these efficient oxidative processes, developing a new
methodology free frorm metal oxidants and organic solvents is highly desirable. As part of
our research interest involving metal-free oxidation reactions herem, a new protocol for
the direct hydroxylalion of aryl boronie acids with TBHP in the aqueocus medium s
reported (Scheme 1).
- _B{CH), Aqueous, TRHP o OH

= KtOBu, H,0, 50°C "

Scheme | Hydroxylation of aryl boronic acids.
Reference : Tanveer MahmadAlli Shaikh, Synthesis of Phenols via Metal-Free
Hydroxylation of Aryl Boronic Acids with Aqueous TBHP, Journal of Chemistry, vol.
2020, Article 1D 1543081, 7 pages, 2020, hittps://doi.org/10.1155/2020/1 543081
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{A) Which of'the following method of preparation of phenols is least likely to take
place at 298K"

{i} Mucleophilic substitution in chlorobenzenc

{ii) Reactionof diazonium salt with water.

{in) Oxidation followed by acidification of cumene

(iv) Reactionofbenzene sulphonic acid with NaOH followed by acidification

(B} Inwhich ofthe following haloarene, nucleophilic substitution will be fastest to
vield corresponding phenol?

{1} Chiorobenzene

{ii} p-Chloronitrobenzene

(iii) p-Cholrotoluene

{iv) p-Chloroanisole

{C) Aniline on reaction with NaNO, + HCI forms (X). (X) converts to (Y) on

reaction with KI, (X) and (Y) are Tespectively-

(i} Benzene diazoniumchloride. jodobenzene

(ii) Iodobenzene, Ethoxybenzene

(iii) Tndobenzene, Benzene

{iv) Benzene diazonium chloride. Phenol

{D} Phenols onreaction with bromine water forms-

{i} Coloutless, 2-Bromophenol

{i1) Dark coloured mixture of 2-Bromophenol and 4-Bromophenol

(ii1) White precipitate o[ 2.4.6-Tribromophenol

(1v) Yellow colouration of 2,4-1dibromophenol

Read the passage and answer the following questions:

On the basis of the investigation of the combinational effect of quaternary

ammonium salts and organic bases. an added-metal-free catalytic system for

nucleophilic addition reactions of a variety of Grignard reagents to diverse ketones

in the solvent has been developed to produce tertiary alcohols in good to excellent

yields. By using tetrabutylammeoenium chloride (NBu,C1) as a-catalvst and diglyme

{DGDE) as an additive, this system strongly enhancesthe efficiency of



ulo NBu,Cl (0.1 equiv) HO R

I . . DGDE (1.5 cquiv

R] RJ T RL'IE}\ { o -} RI i R_‘
(1.5 equiv) THF, 0°C, 2 h

R'=Aryl and allcyl Realkyl and allyl /

R'=Aryl and alkyl X=Br, (1 govd to excellent yields

addition at the expense of enolization and reduction, NBu,C1 should help to shift the
Schlenk equilibrium of Grignard reagents (o the side of dimeric Grignard reagents (o
favor the additions of Grignard reagents to ketones via a favored six-membered transition
state (o form the desired tertiary alcohols, and DGDE should increase the nueleophilie
reactivities of Grignard reagents by coordination. This catalytic system has been applied
in the effictent synthesis of Citalopram. an effective U.S, FDA-approved antidepressant.
anda reevelable version ofthis catalytic synthesis has also been devised.

Reference : Hua Zong, Huayin Huang, Tunfeng Liv, Guangling Bian, and Ling Song
Added-Metal-Free Catalvtic Nucleophilic Addition of Grignard Reagents to
Ketones.). Ovg. Chem. 2012, 77.10,4645-4652

(A} Which ketone and Grignard reagent can be used to form 2-methylbutan-2-017

(B) Write structure and [UPAC name of product formed reaction of allyl

magnesium bromide with acetophenone?

{C) Which reaction will take place at faster rate and why?

(i) PBenzaldehyde+Propyl magnesiom bromide

{ii) Propanal+Benzyl magnesium bromide

(D) Why Grignard reagentis stored under aphydrous conditions?
3. Read the passage and answer the following questions:
Phenols ate compounds thal possess a hydroxyl group directly attached to an aromatic.
carboeyelic nuclens. Phenol is the trivial name for monohydroxybenzene. The o-, m-, and
p-cresols are monohiydroxyieluenes (CH,.C H,OH) and are distinct in their properties and
reactions from the isomeric side-chain hydroxy compound. benzyl alcohol
(C,H,.CH,OH). which is a typical aromatic alcohol. Simple monohydric phenols are
either corrosive liquids or low melting solids. The dihydric and trihivdric phenols are
solids. The mono-hvdroxy compounds are only slightly soluble in water but are miscible

with organic solvents, Water solubility increases and solubility i organic solvents
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decreases with the introduction of additional hydroxyl groups. They are all characterized

by, and distingumished from, the aliphatic or aromatic aleohols by their ready solubility in
aqueous alkali, Phenols and the cresols are widely used as antiseptics and disinfectants:
the cresols are contained in the wood prezerving fluid, creosote. Many phenols have wide
application in the industrial production of plastcs. dyestuffs. insectides, selective
weedkillers, and germicides,

Reference : PW.G. Smith, AR Tatchell, Phenols, Avamatic Chemisivy, 1969
{A) Which ofthe following is not a phenol?

. ~OH

@[ | ol L
o (L oy ™
e NH, e
(B} Which ofthe following phenol has highest pK, value?
{a) Phenol {(b) p-Nitrophenol
{¢) o-Nitrophenol (d) o-cresol
{C) Phenols may be characterized by the reaction with-
(a) FeCl, {(b) Br,water
(¢) NaHCO, {d) BothFeCl,and NalCO,

{D) Wnte JUPAC name of following phenol.

ANSWERS

I MULTTPLE CHOICE QUESTIONS
l.(e) 2.(d) 3.(c) 4.(c) 5(c) 6.(d) 7.(d) &) 9%(c) 10.(c)
11.(a) 12.(d) 13.(d) 14.(a) 15.(b) 16.(c) 17.(d) 18.(b) 19.(c)
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1

v

FILLIN THE BLANKS

1.  2.4.6-Tribrornophenol 2. Ethanol

3. Methanal 4. Cumene

5. [Esterification 6. Lucas

7. Easier 8. Skl

9. Benzoicacid 10. 1 -Chlorepropane

ASSERTION REASON TYPE QUESTIONS

1. (A) 2, (D) 3.(D). 4. (C) 5.(D) 6.(C) 7.(A) 8.(A) 9.(B) 10, (A)
ONE WORD TYPE QUESTIONS

1. PCC 2. ortho-Nitrophenol

3. parg-bromoanisole 4.  Reimer-Tiemann reaction
5. Picricacid 6. NaBH,

7. B0, OH 8  Primary

9. 2,4,6-Trnitrophenol (Picric Acid)

10. M,C-CH-CH-CH,-CH.-CH,

11, Todoform Test

12 Intermolecular H-bond

13. Benzoquinone

14. 2-Acetoxybenzoic acid

CASE STUDY BASED QUESTIONS
I:{A) b B) b (C) a (D)e
2: (A) CH,COCH,, C,H,MgCl
(I}H
(B) CH, (lj CTL-CH=CH, IUPAC (i) 1-Methyl-1-pheny! but -3-enc-1-ol
{(12) It react with water to form alkane R-Mgx+H-OH—R-H+Mg-X-OH
3:(A) d (B)d (C) a (D) 3-Ethyl-5-chlorophenol
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UNIT TEST
Alcohols, phenols and ethers
Maximum Marks : 210 Time: 1 Hour
1. Wrte the IUPAC name of:

2. AandBinthe following reaction are ;

o R (i) MaNO./ 1101 :
| ‘ stk A _E!'!_.. B
S (HVHO /4

fa) A LYo B CH,OH
— x':;::-

| i

T
e

® A P B.

© &« B

o .
el S _'__:-__.:_',..-

(@ A OH B.

||.- -‘:‘HJ _l_ _.--_~_~____.\|_,, 4] H'l -
o "--..\_\_.-:ﬁ' e

3, Thecorrect order of acidic strength ol following phenols is—

P ! Ol . -0H . _OH
L] 17 | [T
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10.

11

{a) A<RBR<C<D
(b) B=A=C<D
{c) D=A<B=C
(d) D=C<B=A
[dentity the product: a

(@]

|
ALy P WaBIH,
| [

0

(CH,),C-OCH+HI—"?
Give an example ol following name reactions:

{I} Kolbe'sreaction

{i1) Willismsons synthesis

Write the products formed by nitration of phenol . Which of the product has higher

boiling point and why 7

[dentify the product formed when ethanol is heated at 413 K. Write the mechanism

of the reaction.

How will you converl ?

(i} Ethanol into propan-2-ol

(i) Aniline into phenol

{iii) Methanel into methoxyethane

Explain the following:

(i) Alcoholsare more soluble in water than ethers of comparable molar masses.

(i1) 1-Butyl chloride on heating with sodium methoxide gives 2- Methylpropene
ingtead oft-Butylmethly ether.

{ii1) Reactionof phenol with bromine leads to formation of 2.4,6- tribromophenol

An Ether'A' (CH,,0) when treated with excess of hot conce HI, produced two alkyl
halides which on hydrolysis form 'B' and 'C". Oxidation of 'B' forms an acid T,
whereas oxidation of 'C' give a ketone 'E’. Identify A, B and C and reactions
mnvolved.
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UNIT TEST-2

Alcohols, phenols and cthers

Maximum Marlks : 20 Time: ] Hour

1.
.3

B Sleh by

10

11.

Write the IUPAC name of C H,-CH,-CH,-OH
Ot of t-Butylalecohol and n-Butanol, which undergoes acid catalysed
dehydration faster and why?
Write'A' and 'B' in tollowing reaction.
D.H
N 71 CH.-Cl
= a4 ——ms
e Anhy AICL,
Mame the reagent used for conversion of primary alechol to an aldehyde.
(rat of phenol and methanol, which one has smaller dipole moment
Write the mechanism of conversion of propan-1-ol into propene,
Explain Williamson synthesis and Riemerr — Tiemann Reaction
Complete the reaction.
{a) CTLCI
| | = KOH (aq}—»

{1} ag.NaOH
L

b) € H.-OH
(MCH, (i) CO, 1"

Convertthe following

(i) Phenoltopicrncacid

(ii} Propan-2-olto 2-methyl propan-2-ol

(iii) Phenol to aspirin

Write the reason of following observations:

{a) aleoholsare generally soluble inwater but alkyl halides are not.

(b) Phenol exhibi acidic character.

{¢) p-mitrophenc! is more steam volatile than p-nitrophenol

An ether 'A' (C,H,;0) when heated with excess of hot conc HI produces two

alkyl halides which on hydralysis form compound 'B' and 'C". Oxidation of ‘B
gives an acid D' whereas oxidation of 'C’ gives ketone 'E". Write structures of AL
B.C,DE.



-.—'.'; Tl
INES ang

< Points to Remember >

[ Nomenclature ]

7= )

Aldehvdes and Ketones
Common names: replace -e
from alkyl group by aldehyde
or ketone e.g. CH CHO 15
acetaldehyde

IUPAC names: replace -¢ by -
al for aldehydes and - one for
ketones e.g. CH,-CHO is
ethanal and CH-COCH, is

propanone,

A A

Structure of Carbienyl group

-

Carboxvlic Acids

Common names: end with -ic
acid e.g. CH,CH,COOH is
propionic acid

IUPAC names: replace -¢ in
corresponding alkanes by -oic
acid e.g. CH,CH.COOH is
propanoic acid.

—‘\

Corbony| carbon is sp” Hybeidised wd plisa in shupe, with one sigm und sne 3t band

tetween C=0)
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‘General Methods: )
ia) Coniolled oxidation/dehydrogenation of primary and secondary aicohols

Primary alcohol gives aldehyde. socondary gives keloaes, terliary imdergoes dehydration
(o) Hydration of Alkynes

dil. t.-ium_m
CH:C= CH—-—%ég'«Hgm L,_g : MJL

l¢i'32“ﬂ“]3’91§>—< 2 2‘)=n+n=~=
s
%

/" Aldehydes: \
{a) From acyl chloride (acid chiaride)
{Rosenmund reduction) Preparation of Aldehydes, Ketoneg
o : and Cazboxvlic Acids
S g / =
{b) From nitriles and esters
{Stephen reaction)
RAC=NHEAC ~HO—RCH=NA—L » cRoy Cnﬂ:ux}rhs: Avids: i
] (i BIBAL {2} From Primary aleobol/aldehyde
RCH, - CH=CH-Ci e -
(EHIHD RCH D'JT"""'—'T'—"‘"'- R-COONH
R CH-CH-Cl-CHO B
(e} From hydrocarbons (Eterd Beaction) {b) From alkylbenzeae

H, CHOCAHALY  CRO d s
[% LEM0,-EOH E%
Bt oLt it
&lwm:m‘—-m’ @—-ﬂ“ﬂ é IHD

{d} (Side chain rhlnrlnnﬂ-nn}
i} From niteiles and amides

HO :
OH g HGH 4
BN b Pt Ly
@ !-?3& é i RFm" = R‘PI‘DH

(&) (Gatrerman-Koch reaction) () From Grignard reagent
COHA
@mmg Q_mﬂ R Mg+ 00, — El B F
Ketones: B OkGE 1 om
{a} From acyl chlorides
2 R-MgX + CdCL—R,CM(X)CL (e} From acyl halides and anhydrides
o gH. B ny  §
—_— R-COCL R e
Mﬂ;ﬁ %5 R}ﬁ e HET 2Py 2o
(k) from nitriles CH.CH,CN + C;H MgBr ﬁ 9
pibdghr 4] T + ;
e, e T . @j{] e dﬂ
CHEAy [fm.l. — Cfdfc. i E,CQ’ oH

{€) From benzene (Friedel-craft acyladon] | (f) From esters

COUCH,
Ok i dm/, i . Yo




Renctions of Aldehydes,
Ketones and Carboxylic Acids

P j\ldnhy‘dﬂ and Ketones
| Nucleophilic Addition reaction

e a0 o nff

R R Nu R Nu
i L OSON1
() )=0 +HON —— ¢ Cysohydrin () )€ =0+ Nat1S0;——
A 0H
0 OR’ . /Ol
(¢) RCHO+ROH — R--0R' ot p gy @ >E:ﬂ+m{‘_’?‘} Az
[ L {Ammaonis
OH OR derivatives)  —@ =NZ +1L0

Acetal

L. Reduction: Aldehydes and ketones converts to primary dnd
secondary aleohals respectively in presence of NUBH, [ LiAIH,,
MWaBH, selectively reduces aldehydes and ketones only in
presence of other carbony] containing functional groups
including carboxylic acids, esters ete,

Clemumensen reduetion:

In-Hg
)=0 + =25 Jow,

Wolf- Kishner Reduition:

>=CI +l{:N£Nil= >=Hl'~:‘l-i_. KOH ""E‘H.
Ethylene glyveol !

2, Oxidation:
{a) Tollens' Test,
R-CHO +2 [Ag(NH,).] + OH —— RCOO +2 Ag (silvery mirmor) + 2 1.0 44 NH,

(B Fehling's Test
R-CHO +2Cu" + 500 ——= R-COO +Cu0 (Red ppt) + 3 H.0

letHaloformrepction: given by methy] ketones ‘E‘\

CH,
NuOH + X,
R~ CH, or v FCHX, (x=-Clbr,T)

3. Reaction due to ¢-Hydrogen R 'ON8 Haloform

Aldo] condensation chae to aeidic n-H].rdmg_en
0 0 8]
TR S < (R
| ==l —C—C —
| e

- H

S

s
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dilNaOH |
CH,CHO cH,— cI:— CH,-CHO
OH
p-hydroxy aldehyde
;
| dil NaOH |
CH,— C—CH, ——— CH,— {|2~CHI— C—CH,
OH

B-hydroxy ketone.

4, Canmizears Reaction
Aldehyde don't have a-Tlydiogen

HCHO + HOHO — < KOH oy op+ ook

5. Klectrophillic. Suhmminu Reaction
CHO

cHo 20 [ -J. 5
= 1

| Cnrbux}?hc Acids

Acidic natre ; E-COOH +NeHCO, —RCOONa + H.O +CO, (Brislc effervescence)
{Chemical test for casboxylic acid)
Formation of carboxylic acid derivatives:

RO R coor +HO
%R{@Dﬂj + POCL,/S0, + HCI
ROOH |NH, R-COONH, &
B/ E NIJ'.,
AL, R-CH-OH
R-COOI %ﬂ coonNs, SN0, o 4 NuycO,

This reaction is useful in redeing the size of carbon chain

Hell-Valhard Zelinsky reaction: R-CH,-COOH - '-'X Red P p.¢coon
substitution takes place at o cathon X

Elgcrrophillic Substitution Reaction
CooH T"{)DH
.-J"‘-\. = e
|’ i | Cone, HNO,~ rl'
|- Coans, SO UL
" i 'NDI




OBJECTIVE TYPE QUESTIONS
. MULTIPLE CHOICE QUESTIONS
. Which product is formed when benzaldehyde is treated with concentrated KOIH

solution?

@ go—{ )—cHO

o —

® ¢ ,—COOK' + & ) —CH-OH
® { )—CooK  Ko— ,)—OK
==/ W4
@ =\ —
W //—COOK &N 4—OK
2. Structure of *A’ and type ofisomerism in the above reaction are regpectively-
0
AR 40% H,S0, A isomerism _ ;l .
(a) Prop-l-en-2-ol, metamerism
(b) Prop-1-en-1-ol, tautomerism
(c) Prop-2-en-2-ol. geometrical
(d) Prop-1-en-2-ol, taulomerism
3.  Compound AandC inthe following reaction are:-
 ())CHMgBr H,SO, i) B,H,
['-_TTQEHG - U -1 Y- M —— A S O A — E - e
(ii) H,O i) H,0,/0H
(a) Tdentical {b)  Poszilion isomer

{¢) Functional groupisomer (d) Opticalisomer

KMnO, , SOC, p H/Pd o
BaSO,

4, Toluene

the product *C’ 13:-
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{a) CJH,CH,OH (b) CJLCHO
(¢) CH,COO0H (d) CHCH,
Among the following which bas the lowest pk, value:-
{#) CH,COOH {b) HCOOH

(¢) (CH)CHCOOH (d) CHCHOH
diLNsOH , HOCN

B
CH,CHO + HCHO Heat o
The structure of "B i5:-
[El_i 1__._:: s, 7 {:DDH {I:-lj - | OH
HO l
N
(e} _—~._ _~CO0H (d) OH
HO T COOH
The ITUPAC name of compound is:
i 0
[ |

(a) 2-Formylhex-2-ene-3-one

(b) 5-Methyl-4-oxoher-2-en-5-al

(&) 3-Keto-2-methylhex-5-enal

(d) 3-Keto-2-methylhex-4-enal

Which of the following reactions will not result in the formation of carbon-carbon
bond?

(a) Cannizzaro reaction (b))  Wurlzreaction

(c) Friedel Crafis reaction (d)y Reimer-Tiemannreaction
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10.

11.

12.

13.

14.

15.

Reduction of aldehydes and ketones into hydrocarbon using zine amalgam and
conc. HCliscalled.................

(a) Dow process ib) Cope reduction
() Wolt-Kishnerreduction () Clemmensons Reduction
Which ofthe following compound do not undergo aldol condensation?
{a) CH,CH,CHO (b)y  CH,CHO

C cocC d CH
(¢) CH,COCH, (d) He. |

H.C CHO
The treatment of following compound with NaOH yields.............. as major product,
O

Ph—0Q—€—Fh

{1i) Phenol (11} Sodium phenoxide
(iii}) Sodiumbenzoate {iv) Benzophenone
(a) LI (b) IIL omly

fc) LIN rd) TV anly

Which of the following will undergo Cannizzaro reaction”

{a) Acetophenone ib) Propanone

(¢} 2.2-Dimethylpropanal

(d) Bothacetophenone and 2 2-Dimethylpropanal

Which of the following neither gives Fehling's test nor iodoform test?
(a) Benzaldehyde (b) Ethanal

{c} Propanons (d) Acetophenone
Which reagent(s) is/are best [or following conversion?
CIH.-CH=CH-CN — CH.-CH=CH,-CT10

{a) H,,Pd-BaSO, (b) DiBAL-H

{¢) HL/Ni id) NaBH,
Benzophenone can be obtained by the reaction of -

{a) Benzoylchlonds +Benzene +anhy. AlCL

{b) Benzoylchloride - Diphenyl anion

{¢) Benzoylchloride = Phenyl magnesium chloride

{d) Benzene+carbon monoxidet+ZnCl,



16.

17:

18.

19,

20.
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Which of the following compounds will give butanone on oxidation with alkaline
EMn0O, solution?

{a) Butan-l-ol

(b} Butan-2-pl

{c) Bothofthese

(d) Noneofthese

Reaction of alkene X with with O, followed by 1,0,/ Zn forms propanone and
ethanal. Alkene X is-

{4) Pent-3-ene

(b} Pent-2-ene

(¢} 2-Methylbul-2-ene

(d) 2.2-Dimethylprop-1-ene

The correct sequence of the following conversion is

0 HO CH,
i ¢
[ J=—= [

HO——CH,
CH,

() CH,MgBr.[Ag(NH,),|'OH. H'/CH,0H

(b) [Ag(NFL),] OH, CH,MgBz, I'/CH,0H

(¢) [Ag(NIL),]'OH, H'/CH,OH, CH,MgBr

(dy CH,MgBr. H/CH,OH, [Ag(NH,},]-OH

When 2-hydroxybenzoic acid is distilled with zinc dust it gives

{a) Phenol

(b) BenzoicAcid

(¢c) Benzaldchyde

(d) A polymeric product

CHO

Tollen's reagent forms silvery mirror when it reacts with:
(a) CH,CHO

{b) CILCOOH

(¢) CH,COCH,

(d) CH,OH
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I

[

= L

L

10.

11

FILLIN TITE BLANKS

Tollens' reagent is chemically Knownm as ..o miiininn

Reaction of phthalic acid with ammonia followed by strong heating gives....o.oveeene.
Acetyl chloride may be converted into acetaldehvde by ... reduction.
Groups like nitro-and chloro- ... Viranin acidity of aromatic carboxylic acids.
Phenol and benzoic acid can be distinguished by the reaction With..ooveieinesnen

Om reaction of propanal with Fehling's reagent red precipitate of ..ovviiiiiinan

1z formed.

Reaction of Grignard reagent with ..........._.._.resulis into formation of primary
alcohols.

Lower aldehydes are soluble in water due to.........cooov oo interactions with water
molecules.

DIBAL-Hisused to reduce nitriles or esters to corresponding. ..o

Beaction of ethyl magnesium bromide with carbon dioxide followed by

acidification gives ...

ASSERTION REASONTYPE QUESTIONS

The question given below consist of an Aszsertion and Reason. Use the following key to

choose the appropriate answer.

(=)

(b)

(c)
(d)

Assertion and reason both are correct and reason is the correct explanation of the
assertion.

Assertion and reason both are correct statements but reason is not correct
explanation of assertion.

Assertion is correct statement bui reason is wrong statement.

Asgsertion is wrong statement but reason is correct statement.
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ASSERTION: Reaction of Pentanoic acid with Cl,/ Red P followed by water
gives 2-chloropentanoic acid.

REASON: The substitution takes places at a-carbon.

ASSERTION: Carboxylic acids have higher boiling point than aldehydes and
lketones of comparable molar masses,

REASON: Due to strong intermolecular H-bonding in carboxylic acids.
ASSERTION: Nitration of benzoic acid gives m-nitrobenzoic acid,

REASON: Carboxyl group increases electron density onring,

ASSERTION: Benzaldehyde undergoes Cannizzaro reaction,

REASON: It contains one a-hydrogen.

ASSERTION : Formaldehyde is a planar molecule,

REASON : Tt contains sp’ hybridised carbon atom,

ASSERTION : Compounds contaiming -CHO group are easily oxidised to
cormesponding carboxylic acids.

REASON : Carboxylic acids can beredueced to aleohols by treatment with LiAlH,.
ASSERTION : The a-hydrogen atom in carbonyl compounds is less acidie,
REASON : The anion formed afier the loss of e-hydrogen atom is resonance
stabilised.

ASSERTTON : Aromatic aldehydes and formaldehyde undergo Cannizaro reaction.
REASON : Aromatic aldehydes are almost as reactive as formaldehyde.
ASSERTION : Aldehvdes and ketones, both reacts with Tollens' reagent to form
silvery mirror.

REASON : Bath, aldehvdes and ketones contain a carbonyl group.

ASSERTION: Ketones are oxidised under drastic conditions.
REASON: Oxidation of ketones gives carboxvlic acids having carbons lesser than

parent molecule.
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v

10.

1L

12.

13.
14.

ONEWORDANSWERTYPE QUESTIONS

Name the product formed by addition of one equivalent of monohydric alcohol to
aldehydes.

Name the product formed by the reaction of benzene with CO. HCl in presence of
aphyd. AICL

Which reagent is used to convert carboxylic acid to corresponding alcohol?

Which reaction is camried out to reduce the number of carbons from carboxvlic
acids?

Which ester will be formed by the reaction of methanol and propanoic acid?

Write the major product formed by the reaction of benzaldehyde and acetophenone,
Which reagent will be best to convert ketone to corresponding alcohol in presence
olcarboxylic acid?

Which reagent converts carboxylic acids into corresponding anhydrides?

MName the carboxylic acid formed by reaction of cyclohexene with KMnO 11,50,
and heating.

Which out of each pairis expected to be strongeracid 7

{a) CH,COOH or HCOOH

(b) CH,{Cl) COOH or CH,(Br) COOH

Name the test which can be used to distinguish between pentan-2-one and pentan-3-
one.

Predict the products when cyclohexancalbaldehyde reacts with zinc analgam and
HCL

Write the catalyst used in Rosenrund's reduction

Namethe reagent used in following reaction

['T‘.' (8151
CH, - C - CH, » CH, - C— CH,
CH,

Cut of CH,CHO and CH,COCH, which one is more reactive towards HCN,
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VERY SHORT ANSWER TYPE QUESTIONS (1 Murks))
1L Hrra.ng-ei_h.é B;Ilmwn?g cﬂ-n{pﬂ-u;nds_i; iﬁ;reasi;g nr;ler J;f lh_.;jr aczdm sirengths:
{CH,},CHCOOH, CH,CH,CH(Br)COOH, CH,CH{Br)CH,COOH
Ans, (CH,),CHCOOH < CH.CH(Br)CH,COOH < CH,CH,CH(Br)COOH
Diraw the structure of the compound whose IUPAC name i3 4-chloropentan-2-
one. Cl1 ll-i E;.*
Ans. HE—C—C—C—CH,
H H
3. Whichtype ofaldehyde can undergo Cannizzaro reaction?
Ans, Aromatic and aliphatic aldehydes which donot contain e-hydrogen.
4.  Namethealdehyde which doesnot give Fehling's test.
Ans. Benzaldehyde.
5. Arrange the following in order of their increasing reactivity towards HCN:
CH,CHO, CH,COCH,. HCHO, C,H,COCH,
Ans. CH,COCH,=CH,COCH,<CH,CHO<HCHO
6.  Arrange the following compounds in increasing order of their boiling point:
CH,CHO, CILCH,OIL CH,OCH,, CH,CI1,CH,
Ans. CH,CH,CH,=<CH,0CH,=CH,CHO =CH,CH,OH

-

8 How is acetone obtamed from ethanol?

o OH ;
Ans. Cu H hj CI-I.MEBI Cu II}E
P e Ho=C 2 EHE-EH P
CH,-CH,-OH K. T H H,0 H 373K H,C =9

9.  Why doaldehydes and ketones have lower boiling point than alcohols?
Ans. Duetopresence of associated molecules with H-bonding m alcohols.
10, Write reaction hetween acetyl chloride and dimethvl cadminm,

As. CHCOCL+C[CH], — 3% »  HC-C-CH + Cdc
8]

11, What happens when CH,CHO is treated with K ,Cr,(, in presence of H,50,7

Ans, K,Cr,0, + H,50,

CH.CHO CILCOOH
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12.  Write IUPAC name of following compound:

OHC CH,

Ans. 3.7-Dimethylocta-2,6-dien-1-al

13.  Givebalanced equation and name of products when CH,COOH is treated with PCL?

Ans. CH,COOH+PCI, — CH,COCL+POCL+HCI

14, What produci is obtained when ethyl benzene is oxidized with alkaline KMnO,
followed by acidification:

Ans. Benzoic acid (CH.COOH) 18 oblained.

15. CH,CHO iz more reactive than CH,COCH, towards reaction with HCN. Give
reason.

Ans. Due to presence of two -CH, group in CH,COCH, which shows more +1 effect and
gteric hindrance than CHLCHO.

16.  Write IUPAC names of the tollowing compound;

H H
|

HOOC —C — C COOH
Ans. Bul-2-gne-1_4-dioic acid
17.  Wrie the [UPAC name of following molecule:
8]

A~ ¢ o,

"'.-"::_d_.-"' gt C-H!
Ans. 2-Methylmethylbenzoate
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18.  Why docs benzoic acid does not undergo Friedel-Craftsreaction?

Ans. -COOH group in is an electron withdrawing group, which deactivates
the benzene ring strongly and hence electrophilic substitution becomes difficult.

19. Benzaldehyde gives a positive test with Tollens' reagent but not with Fehling's and
Benedict's solutions, Why ?

Ans. It is due to stronger oxidising nature of Tollens' reagent as compared to Fehling's
and Benedict's solution and cannot oxidise benzaldehyde to benzoic acid In
general. all these three can oxidise aliphatic aldehydes.

20. Write the chemical equation for Woll-Kishner Reduction.

NH:,NH:, =N EOIL ;
Ans. CHCHO MM o CH-C=N-NH, ——= " CH,CH:N,

21. Name alkene which on ozonolysis give acetone as a product

CH, CH, 0 )
CH (4] InA,0
ME = E’f’ : i ?:-.:-Cf At ~— E.EH.F‘I:I-"EHA
(o P T "+ ] 1 1];"“ cH,
0

2, 3-Dimethylbut-2-ene
22, Give reason why hydrazones of RCHO and ketone are not produced in strongly
acidicmedium ?
Ans. Inacidic medm, NH,NE[, getprotonated and will not act as N
23.  Complete thereaction

P Anby. AICL
] +cncoc il

Ans, I ﬁ] - CH,

24.  Name the aldehyde, which only exist in gaseous state.

Ans. HCHO {(Formaldehyde)

25,  Give reason:- During esterification between acid and aleohol, water or the ester
should be removed as soon ag it is formed.

Ans, Acid+alcohol = ester+water

To make the reaction fast, by removing product as per Le-Chatlier principle
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Ans.

!J

Ans.

! _SHORT ANSWER TYPE QUESTIONS (2 or 3 Marks) |
How will you convert;

(i C,H,—CH,CO0H

(n) CH,CONH,—CH.COOH

(i) ~ H,50, KMnO,

CH, —go> CHCHO grpgi—>  CHCOOH
(i) CHCONH, — 5™ CJH,COOH+NH, +NaCl
Complete the following: _

TDUH Coon
B N ahes @ I Cahe HND,
| ] —= I ConcH;o,

Ans.(i) COOH o {:JDCI-H

P 2 . .-f i
g &
=~ " SOH = "NO,

An organic compound 'X' has molecular formula CH,0. It does not reduce
Fehling's solution but forms a bisulphite compound. Tt also gives positive [odoform
test. What are possible strueture of "X'? Explam,

X' gives positive test with Todoform, Tt is methyl ketone.

l’.'_;l 1|1 H {IJ H
HC C-C-C-CH, and HC-C-C-CH;
I H.C

are possible structures of the compound.

(Give the chemical test to distinguish between:
0

(iy CH,CHO and H,C—C —CH,
(i) CH,CHOand CH,CHO

(i) CILCHO produce silver mirror with Tollens’ reagent.
CH,CHO+2AgNO, +2NH,OH — CH,CCO0H + 2Ag + 2NH NO, +2H,0
{ii) CILCHO givesbrickred ppt. in Fehling test

CH,CHO + 2Cu80, + 4NaOH — CH,COOH + Cu,0 + Na SO, + IH,0
Brick red ppt.
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Ans.

Ans,
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Iz benzaldehvde more reactive or less reactive towards nucleophilic addition

reactions than propanal 7 Explain your answer,

. Carbon atom of carbonyl is CJIL,CHO is less reactive than that of propanal,

CH,CHO is less polar due to resonance.
0% 0

¥ 18] Za ol |

b "N ’ L )
Z + =

Which acid of gach pair shown here would you expect to be stronger ?

(i) CH,CO,HorCHFCOH

(i) CHFCOHorCH,CICOH

(iii) CH,FCH,CH,CO,H or CH,CHFCH,CO,H

(iv) S N
F,C—, /COOH o HC Y 7/ COOH
(i) FCHCOOH
(i) CHLFCOON
(i11) I
AL,C—C ~CILCOOH
F —_—
™ g~ ,)—coon

Carboxylic acids do not give reactions of aldeliydes and ketones why”

It is due to resonance
i
R E(:)H R E:ZDTH Positions uf\l‘p O group keep changing,
Write IUPAC name ofthe following :
QCOCH, COOH
11 o i} ,l -

me 7 o, B =
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Ans. (i) 3.5-dimethylphenylethancate.
(i1} 5-Bromo-3-chloro-2-1odobenzoic acid.

0. Givechemical testto distinguish between following pair of compounds:

(i) C,H.OHand CH,CHO
(i) CJM,COCH,andC,H,CH,CHO

Ans. (1) CH,CHO gives silvery mirror with Tollens' reagent while C,H.OH does not.
{ii) Acetophenonewill give yellow ppt. ofiodoform while C,1,CIT,CITO will not.

10. Complete the following reactions by identifying A, Band C:
(i) A + Hydrogen(g) Pd/Bas0O,
cH,
(i) H,C-C —%‘ —CH, + NaOI——*B+C
HC ©

oo
(i) "Ais H.c c-c-al
HC
CH,
ILC—C—E--E)ﬁa
HC ©

(ii) *B is CHI, and *C" is

11.  Write the structures of A B.C.DD and E in the following reactions:

(CH,),CHCHO

CHCOC! ZnHg . ()KMnOKOH

.~|__ | anhdAlCL, HCL (ii) H,O'

NaOl
v
DHE

Ans. A=C.H,COCH,

B=C,H.CH,CH,

C=C,H,CO0H

D=C,H.COONa

E=CHI,
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12, Aldehvdesusually do not form stable hydrates but chloral normally exists as chloral
i - : R OH
hydrate, Give reason. R “C=0+H,0 c
Ans. Incaseofaldehyde reaction is reversible, H H OH
In case of CC1,CHO, Cl atoms increases positive charge on carbonyl carbon. Therefore.
weale nucleophiles like water readily added to the carhony] group.
Cl Cl

_ £r” . H oH
Cl—C—0 +HO —» cl—e—C7
. H | OH
Cl Cl
13. Givepossible explanation for the following:
{i) Cyclohexanone forms cyanchydrins in good yield but 2.2.6-trimethyl

cyclohexanone does not,
{ii) There aretwo - NII, groups in semicarbazide. ITowever,only one is involved in
{ormation of semicarbozone.
Ans. (i) Due to steric hindrance for CN at C=0 due to 3-methyl groups at

w-position.
0 O
1 HO. _CN FLC 18 Ch,
|’ | _HCN/H | [“ CH, HCONH 0 Reaction

{ii) Only one -NH, group attached to C=0 is involved in resonance. As result
electron density on these -NH, group decreases and hence does nol act as
nucleophile,

0 0°
o~ ]
HN—C—NHNH, = HN' —C~—NH-NH,
14.  Convertthe following in not more than two steps:
{i} Benzoicacid to Benzadehyde
(ii) PropanonstoPropens
S0CL

i I
Am. (JCHCOOOH — =+ CHIEOCL — a0~ CH.CHO

cone. TIESD:

MNaB
i) crcoc, —Bt, cu,-cr-cn,
0L

» CH,-CH=CH,



15.  Write the reactions mvolved in the {ollowing reactions:
(i) Clemmensen reduction

{ii) Cannizzororeaction

Ans. e Zn-Hg
M C=0"ga _/LH’

fﬁ}{“;c:u + i v =
0’ H -
16. Convertthe following
(i} Ethylbenzene to Benzoic acid
{ii) Ethanal toBut-2-enal

Ams. wepcm _SCHOM

(i) 2CH,CHO GLNaOH ey epeg cHO -

Cone. KOH CH,0H + HCOD K

C,IL.COOMH
bieat

CHL-CH=CH-CHO

OH

17.  Predictthe organic produets of the following reactions:

o = CHOCH;  EMrO (ii) = COOH sgoCt
(1) [ ¢ 4 E -t
~/ KOHbeal * ™ “coom
aiy $HO
C _HNCONHNH,
. 0
{iv) Sl e
- T = L0

M O [AgQNH)T

T cHo
(i} _~_CHO NaCN/HCI _
="~ COOH
Ans. (i) CGDK %

—~_-COCl
1 :_I = :r
~ ~~goal
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s =~y CH-NNHCONH, i = -COCVAnhydrous AICL
.k —
0 i OH
(v) ~If.----.:; (1) - 5_“__:: CN
COOo " CooH
I1B. Complete the following as missing starting material, reagent or products:
i (i) O, X
“ (i) Zodo > O
(1) - =
| Vo OH, e | CHO
e F 'h‘ i

) ~ _CHOH

|| KMnO,
KOH heat e
==t Y (ozonolysis)
1.2-Dicyclohexylethene

(if) B,H,/THF,H,0,/(Hydroboration) OH', then PCC

= 4
(iiiy =~ COOK
(Oxidation)

Patassium benzoate
19. Mention the reactions invelved for the following conversion,
(1) Ethanol—sAcetone
(i) Benzene—Acetophenone
{i11) Benzoicacid — Benzaldehyde

; (o), er PEC . : CHJMgBI I, -+
Ans.(i) CHLCH,0H ‘fhelll ('_T-I,('_'HDW H,C C OMgBr
H.C
o
H

CH,CO-CH, « "0 H,C-C-OH

H,C
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20.

Ans.

2L

coct,
() [ ]+cHcoc Ashyd. AlCL. -""-:|
cocl cHO
@ () s | vi, AR, ] +Ha

N

Givergason for the following:

(i) Why are carboxylic acid more acidic than aleohol or phenols although all of
then have H- atom attached to oxygen atom (—O—H)?

{ii) Trearment of CJIIL,CHO with HCN gives a mixture of two isomers which
cannot be separated even by fractional distillation.

(iil) Sodiom bisulphite is used for purification of ketones and aldehydes.

(i) Then is resonance in carboxylate ion, negative charge disperse over oxygen
alom. Bul there is no resomance in alcohol(BR-0OH). Alsc in phenol less
dispersal of negative change in phenolate ionas compare to carboxvlate.

(ii) Dueto two optical isomers fractional distillation 18 not possible.

0 CN CHN
CH, C.H,
di+) I(-)

{iii) Due to formation of addition compound of aldehydes and ketones with
NaHS0, whereas impurities donot.

H,C t':c'}+1~~1 o s mom i

C-C +NaHSO, —» po-c-sopNa 00 s ge-¢ 4 NaHSO,

H H H

Write chemical tests to distinguish between following pair of compounds:

(iy CH,CHOand CH,CHO

(ii) C,H,-OH and CH,COOH

(iii) Pentanaland Pentan-2-one
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(i} CHCHO gives brickred ppt. with Fehling while CH,CHO does not.

{ii) Phenol does not give brisk effervescence but CH,COOM gives this test with
NaHCO,,

(iii) Pentanal forms silver mirror but Pentan-2-one does not. Or pentan-2-one give
positive do form test

Convertthe following:

(i) Benzaldchyde to Acetophenone

(i) Malonic acidio Acelicacid

(iii) Acetaldehydeto Butan-2-ol

CHO COOH COONa
gk o 'y
n ) Ri»{u{[)?]ﬁgao ) =5 ]
e 7 CaONaOH
A
"DCHE R
A.ﬂhyd AlCL, | ||
HCL + | _|_| Toacoa &\
i) vy COOH
) HC hon heat CH,COOH + CO,
oIt HH
(i) 2cH,cH0 — 9y CH-CH,-CHO “g;ﬂfﬂ H,C ~C=C ~CHO
4
on J'me.
CH,CH,CH,CH,0H

Butanol-2-o0l
LONGANSWER TYPE QUESTIONS (5 Marks)

Write chernical reaction to perform the following conversion:
(i) Butan-1-olto Butanoicacid
(ii) Benzylalcohol to Phenylethanoic acid

(111} 3-Nitrobromobenzene to 3-Nilrobenzoicacid
{iv) 4-Methylacetophenone to Terephthalic acid
{v) Cyclohexeneto Hexane-1.6 dioic acid



Cr0, + 1,50,

: e . COOH
(i) I ; e
ones Tedgent
CH, Br l:'n N CILCOO0I
]
(i) 5 Ry HO' '“~-:
) e ) S (B
NO, No, NO,
(i) co, e BO" o _Br
J @ | ] 4 L L o *'Mom
. . Mgﬂf o EI"' '\\__’_;-F- ‘;
HO
“MgRs
_ cooE COOH
b = KMnO/KOH = dil HSO
0l ] AR [ j fil, H,50, B
7 7
Ok COQH
- | KMnQ, il 1,80, [ COOH
. T L COOH
Draw the siructure of the following derivatives:
(i) 24-Dinitrophenylhydrazone of C,;H,CHO
(ii) Cyclopropanone oxime
(iil) Acetaldehyde Dimethylacetal
(iv) Semicarbazone of Cyclobutanone
(v) Ethylene ketal of Hexan-3-one
(vi) Methylhemiacetal of formaldehvde
: p (il ; N NHCON
(i} ‘| ‘ {iv} N 5
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_oH
N
|
§ | CH,
) ™ mel "o
LN\ o]
o
ai) ~ o~ _ 8
(vi) r
H™ | Socr
HO L

An aromatic compound *A' (Molecular formula C,H,0) gives positive 2, 4-DNP
test. It gives a yellow precipitate of compound “B” on freatment with iodine and
sodium hydroxide solution, Compound ' A’ does not give Tollens' or Fehling's test,
On drastic oxidation with potassium permanganate it forms a carboxylic acid ‘'C’
{Molecular formula CH,0,). which is also formed along with the vellow
compound in the above reaction. Identily A, B and C and write all the reactions

involved.
ON._~.__NO,
0. . CH, Bl i 8
COOH | I H
“__,--_.__\| KMnO/ I Y 24DNP [
(A)
(i) 1,NaOH
(i) H'
v
CoOH
CHI, i _.--L_‘__i
Yellowppt. || |
- ¥

i)
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4. Giversason for the following:
(i) CH,COOH isweakeracid than formic acid.
{ii) HCOOH and CH,CHO cannot be distinguished by Tollens' reagent.
(iii) R-COOH do not give characteristic reaction with =C=C.
(iv) Carboxylic acids are stronger acids than phenols.
(v) Acidamides aie weakly basicin nature.
Anz, (i) InCH,COOH, carboxylate ion isresonance stabilised
{i) Presence of -CHO group inboth.
{iii) =C=0 group is sterically hindered in carboxylic acid,
(iv) Dispersal ofnegative charge on carboxylate ions is more than phenoxide ion,
(v) Acidamides are weak basic due to involvent lone pair in conjugation with
gve of electrons on nitrogen atom. ol
5. An organic compound *A’ (CILO) is resistant to oxidation but forms compound
‘B* (C,;H,0} on reduction. *B’ reacts with HBr to form the compound *C*. *C* with
Mg forms Grignard's reagent "1 which reacts with *A” to form a product which on
hydrolysis gives *E”, Identify *A'to *E".
Ans. "A’must be ketone.

. H i
H,C- C -CH, Reduction Hj{.,_:;-.__tﬂl HBr » HC {I_-: CH, +Mg
0 [ile] Br
(A) (B) )
)
1
CH, ~ CH- CH,
MgEr
ey
gt 1
) “~H B 5
» & CH,-CH~CH, H,C-~C—CH,
HC-C— Ik 2 ; .
SR B =G, + CH-C-CH, _HOM _ peococp,
Lo MgBr H |
OMgR: HO

(A) D) (E}
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A ketone [A] which undergoes haloform reaction gives compound [B] on
reduction, [B] on heating with H,S0, gives compound [C] which forms
monozenide [D] by reacting with ozone. [D] on hydrolysis in the
presence of Zine dust gives acetaldehyde. Identify [A], [B]. [C]. [D], Write

the reaction invaolved,
o
42”4? A HE,-CH-CH,-CH
HC"'W e Reduston g
[B]
H,50,
-H0
H,0 K\ o,
HC,CH CH-CH, «+— ' HC -CH=CH-CH,
Zing
[C]
o—20
0]
FCH,CHO

Complete the following reaction
(2) CH,CHO +HOCHCHOH ———b

(b) c,HcoC + W, £9BasO, |
. _GHO 0
(€) ¢ [ OH
l J +CH,C-CH, —»
A OH
@ | Ny NH,OH
F T cHo
e NaBH,. CH,OH
e RS S —
@ [ [ ]
0—CH
L 2
(a) HC~CH |
o —cH,
(b} CH.CHO+HCI
S oH=cHAcH
@ J ;
(d) | P

z = “CH=N-OH
o T 7™
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Ans.

(9.

Ans,

1o,

An organic compound [A] with melecular formula CH,0, is reduced to n-
pentane on treatment with Zn-mg/HCL. The compound [A] forms a dioxime
with hydroxyle amine and gives a positive iodo form test and Tollen's test.
Identify the compound [ A] and deduce its strueture.

Q B

1] [l
A= CH,-C-CH,-CH,-C-H Zn(Hg) bentane

ﬁ‘-’*
& [Ag(NH,}]oH
0 NOH \ NaOH, \

I I 3
HEC-CH,-CHC-H ~a
+2H,0 oy ¥R CHy-G-CH COOH
NaOOC-CH,-CH,-C-H I 2ag
+CHI, {Mirrar}

lovdotorm|Yeliow)

Complete the missing products
(a) HCHO N, [A] Pey, | [B] KeW, [C] Ho [D]

(b)CH=CH Ho _ [A] [0 [B] soc, [C]
HAD, 850, » >

(¢)CH,~CH, mBr, [A] _kcw, [B] _mom, [C] Liam, [D]

fa) A=CH,0H, B=CILCl, C=CH,CN, D=CIH,CO0H
(b)A=CH,CHO, B=CH,COOH, C=CH,COCI

(¢} A=CH,CH,-Br, B=CH.CH,-CN, C=CH,CH,COOH.
D= CH,CT,CI,OT

[A]l. [B] and [C] are three non-cyclic functional isomer of a carbonyl
compound with molecular formola CH,0. Isomer [A] and [C] gives
positive Tollen's test whereas Isomer [B] does not give tollen's test but give
positive iodoform test, Isomer [A], |B] on reduction with Zn[Hg]/conc. HCI
give same product [D]. Identifvy A.B. C. D,
A=CH,CH,CH,CHO Butan-1-al

i
B=CH-C-CH,-CHO  Butan-2-one

C=CIL-C-CHO 2- Methylpropanal

CH,
D=CH,-CH,-CH,-CH, Butane
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CASE-STUDY BASED QUESTTONS
1. Readthepassageand answer the fellowing questions:

Carboxylic acids are compounds with excellent chemical and physical properties. the
most particular characteristics of this type of organic compounds, is their high solubility
in polar solvents, as water. or alcohols, methanol, ethanol. etc. Chemical stricture
contains 4 carbonyl function (-C=0) and an hydroxyl group (OH), these groups mtersct
easily with polar compounds. forming bridges of I obtaining high boiling points. The
carbonyl group (C=0) is considered a one of the most functional groups invelved n many
irportant reactions. The carboxylic acids are the most important functional group that
present C=0.

This type of organic compounds can be oblaimed by different routes, some carboxylic
acids, such as ¢itric acid, lactic acid or fumaric acid are produced from by fermentation,
most of these type of carboxylic acids are applied in the food industry, Historically, some
carboxylic acids were produced by sugar fermentation, Synthetics route. there are
different synthesis reactions such as reactions of oxidation from alcchols in the presence
of strong oxidants suchas KMnO,, oxidation of sromatic compounds among other routes.

Forexample, citric acid is a carboxylic acid, can be obtained by different routes, synthetic,
enzymatic and saturally occurring, is considered harmless and cheap. used in the food
industry, because is non-toxic, has a thermal stability to the 175°C. Bian et al., in 2017,
reported the use of citric acid impregnated in porous material for the svnthesis of Ni
particles. They showed. that the presence of citric acid. is important in the dispersion of
the Ni particles when are incorporate in porous materials, thus inhibiting the
agglomeration.

Derivatives of carboxylic acid, as alkyl halides. esters, and amides, present different and
important application in diverse areas. In the case of esters, these are obtained from the
reaction between carboxylic acids and aleohols in presence of an acid catalyst usually
H,50, withrheat, this type of réaction 18 known as esterification. In the case of the amides,
it 15 obtammed in the presence of an amine, may be prmary and secondary, with
a carboxrylic acid, in this reaction also can be used a catalyst and heat to aceelerate

the reaction.
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Reference : Aide Sienz-Galindo. Lluvia I Lopez-Lopez. Fabiola N. de la Cruz- Duran.
Adali O.Castafieda-Facio, Leticia A. Ramirez-Mendoza, Karla C. Cordova-Cisneros and
Denisse de Loera-Carrera (March 15th 2018). Applications of Carboxylic Acids in
Organic Synthesis, Nanotechnology and Polymers, Carboxylic Acid-Key Raole in
Life Sciences, Georgiana Tleana Badea and Gabriel Lucian Radu, fnrechOpen, DOI:
10.57724ntechopen, 74654,

(A) Identify AandB in following reaction:
COOH

P,0, R Pl

(¥)se—— — (X}

(B) Assertion: Carboxvlic acids are highly acidic.
Reason: Carboxylateion is resonance stabilised.
{a) Assertion and reason both are correct and reason is the correct explanation of
the assertion.
{b) Assertion and reason both are corrsct statements but reason is not correct
explanation of assertion.
{c) Assertionis correct statcment but reason i3 Wrong statement,
(d) Assertionis wrong statement but reason is correct statement.
(C} What happens when phthalic acid reacts with ammonia followed by
strong heating?
{I3) How acetyl chloride may be converted to ethanoic acid”
2. Readthepassage and answer the following questions:
Tetrahydrofuran (THF) 1% a bulk chemical, which can be obtained from vanous
feedstocks inclnding biomass. In addition, the C5 carboxylic acids are nmch more
expensive than THF. Therefore, we adopted THF as model ether to study the catalyvtic
sysiem (Table 1). The reaction could be efficiently accelerated by Irl, catalyst and Lil
promoter in AcOH solvent at 170 °C, and the yield of C5 carboxylic acids reached 70%:
after 16 h (entryl). The products contained two isomers, ie., pentanoic acid and 2-
methylbutancic acid, and their molar ratio was 38:42_ A little C6 carboxylic acids were

also formed in the reaction. The rest of the THF substrate was converted to butane.
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In addition. trace of methane was also detected. We also tried different Ir catalyst
precursors. such as I(CO)(PPh,),C1. Ir(CO),(acac), and [rCl,, the results indicated that
they were not as efficient as Irl, , We set the reaction time at 8 h and tested other catalytic
systems. The Jrl, catalyst was essental to the reaction because no target product was
ohserved without it. The Rh catalyst was effective for synthesis of carboxylic acids via
olefin and/or alcohol hydrocarboxylation with CO, and H,. Whereas m this work no

product was obtained when R,
0 1el,, Lil
R° "R + CO, +H, » R R-COOH
170°C, m AcOH

{A) How ethers can be distinguished from carboxylic acid?
(B) Propanel on resction with...........and..........gives propanal and propane
regpectively.
3. Read the passage and answer the following questions:
The acetal iz the most common protecting group for aldehydes and 1.3-dioxolanes are the
miost commonly encountered type of acetal. usually prepared by reaction of the aldehyde
with ethylene glycol with azeotropic removal of waler (eql), Regeneration of the

carbonvl is normally out with agueous acid.

A~ _OH i
RCHO +  HO~ o~ 2 B (1)

0

We have been concerned with the general problem of converting dioxolanes into
Carboxylic acids without employing acid to first remove the protective group (eq2). The
non-acidic alternative to eq 2 would allow the introduction of acid groups into a molecule
containing.

O~ : [0O]
R— - RCHO »  RCOOH {2)
(i
various acid-sensitive functionalities. Our solution to this problem is outlined in eq 3.

Prugh and McCarthy in 1966 showed that eyclic acetals are converted mio bromo esters
when treated with M-bromesuccinimide (NB3). Indeed. a
0

O~ NBs P s BE
R— — R 0 ——*  RCOOH (3)
0.
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variety of dioxolanes give pood vields of the corresponding 2-bromoethyl esters when
refluxed with NBS in CCL,. For example, 3-phenyl-1,3-dioxolane gives a 98% yield Of2-
bromoethyl benzoate {B8% after distillation).
The trensformation of eq 3 is compleied by 4 zinc-induced elimination which yvields the
acid upon workup. Despite the precedent for this second step, a variety of reaction
conditions failed to give any acid from 2-bromoethyl benzoate.
Zine in refluxing THF gave no reaction. Even zine which had activated with copper
sulfate was ineffective and ultraactive zine from the potassium metal or sodium
naphthalenide reduction of zinc chloride also failed to promote elimination. Zinc in
refluxing methanol or ethano! gives 42-46% benzoic acid plus 47-52% of
transesterification product. Ester interchange can be avoided by using zing in refluxing
THEF to give a 44% vield of benzoic acid and a recovery of starting material. Addition of
catalytic sodium iodide improves the vield ol benzoie acid from this reaction to with only
ofstarting material recovered.
Reference : Lawrence . Anderson, Harold W. Pinnick, Preparation of carboxylic
acids from protected aldehydes J. Org. Chem. 1978, 43, 17. 3417-3418
hitps:/doi.org/10.1021/i000411 2044

{A) The formation of acetal from aldehydeis anexampleof................. reaction.

(B) Which of the following reagent(s) can be used to convert butan-l-ol to
butanoic acid?

(a) 1.KEMnO,—KOH 2. H

(b) CrO,—ILSO,

(¢) Bothi)andii)

(d} Noneolthese

(C) Write the structure of the product formed when propanal reacts with
methanol.

(D) What happens when propanal reacts with ethyl magnesinm iodide followed by
reaction with dilute acid?

4. Readthe passage and answer the following questions:
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Nucleophilic additions toa carbonvl group leading to tetrahedral species which are
products or intermediates in a mechanistic sequence occupy a central place in
biochemistry as well as in organic chemistry, It has been shown recently that the structural
pathway for the nucleophilic addition of an amino group to carbony] ¢an be mapped on the
basis of crystal structure data. Mowever, from structural data along no direct information
about the energy vanation along the reaction pathway can Obtained. Furthermore, it was
notentirely clear to what extent steric requirements of substituents on the pucleophile and
the carbonyl group. as well as crystal packing effects, influence the arrangement of the
resclive centers, An an attempt to (ill these gaps we have carmied oul caleulations on the
reaction path of the simple model system.

CH,=0+H—CH,0
corresponding to nucleophilic addition of hydride anion to formaldehyde to produce
methanolate anion. A calculation has also been made for the system consisting of an
ammaonia and a formaldebvde molecule ata of 20 .
Reference : H. B. Buergi. J. M. Lehn, G, Wipft. Ab initio study of nucleophilic addition
to a carbonyl group, J Am. Chem. Soc. 1974, 96, 6, 1956-1957, Publication Date:
March 1, 1974 https://doi.org/10.1021/ja008 132062

(A) Which ofthe following nucleophilic addition reaction generates chiral carbon?

{a) Benzaldehvde+KOH

(b) Benzaldehyde +ammeonia

{¢) Propanone+KOH

{d) Propanone-+ammonia

{B) Write the major product on reaction ofacetophenone with CH,-NH,?

(C) Completethe reaction:

Hq(f_ _OH

& =0 + e
HC T oH
(13) Which will undergo reaction with 2 4-dinitrophenylhydrazine at fastest rate?

{a) Acetophenone {(b) Propanone
(c) Benzaldehyde (d) Propanal
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MULTIPLE CHOICE QUESTIONS

I (b) 2. (d) 3. (b). 4. (b) 5. (b) 6. (&) 7. (d) §. (a) 9. (d) 10 (d) 11. (¢) 12 (¢}

13. () 14. (b). 15. (a) 16. (b} 17. (c) 18.{c) 19.(b) 20.(x)
FILLIN THE BLANKS

Anmunoniacal silvernitrate 2. Phthalimide 3. Rosenmund
Increases 5, NaHCO, G, Cu,0
Methanal/Formaldehyde & H-bonding 9. Aldehydes
Propanoic acid

ASSERTION REASONTYPE QUESTIONS

1. (a) 2.(a) 3.(c) 4.(c) 5.(a) 6. (b) 7. (d) 8. (c) 9. (d) 10. (b)
ONEWORDANSWERTYPE QUESTIONS

Hemiacetal 2. Benzaldehyde 3 LiATH,or B,H;
Decarboxylation 5. Methyl propanoate

1.3-Diphenylprop-2-en-l-one or Benzalacetophenone

NaBH, 8 PO.orHYA 9, Hexane-1,6-dioic acid
a) HCOOH, (b) CH,{C1) COOH 11.  Todoform Test
Methyevelohexane 13, Pd/BaSO, 14. CHMgBrH,O/H+
CH,CHO

CASE STUDY BASED QUESTIONS

. (A) X=C,H,COCl Y=(CH,C0),0

(B) (a) o
1 COOH () NIL, ___,.:r--.x_l_l_ ¢ “
{C) | Reao (if) Heat g
|
(D) CH,COCI ————»  CHCOOH
H,0H

. (A) With NaHCO, carboxylic acids give brisk effervescence, whereas ethers

cannot.

(B) PCC
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PASSAGE :3
3. (A)Nucleophilic addition reaction
(B)(c)
{C) CH,CH,CH({OCH,),
(D) (C.IL), CIIOIT
4. [A)lc)
(B) CH,~C-=N-CH,
CH,
)y CH, 0-Cl,
CH,~ O-CH;

(D) (d)
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UNIT TEST-1
Aldehydes, ketones and carboxyvlic acid
Maxinnnm Marks : 20 Time: 1 Hrs.
1. Identify the corvect product in following reaction:
A1 PeC
() A
- CHO ®  _~coom
(c) Py (i)
HO —~ OH - CHO

2. Which ofthe following reagent(s) is most suitable for following conversion?
Propanone — Propane
(a) PCC (b) LiAlH,
(¢) (M).KMnO,-KOH(i). H (d) ZnHg)/HCl

3. Thehighest pK, value isobserved in-

{a) Phenol (b} Bemnzoicacid
{c) 4-Nitrobenzoic acid (d) Erhanoicacid
4. Which ofthe following undergoes nucleophilic addition reaction at fastest rate?
(a) Benzaldehyde (b} Acetophenone
{c) Methanal (d) Ethanal
5. Cannizzaro reactionis nol shown by-
CHO
[-CH, O
@ [ ] ® )
(¢) HCHO () CH,CHO

6.  Giveachemical test to distimguish between following compounds:
{a) BenzaldehydeandAcetophenone
{b) Benzoic acid and Phenol
7. How butanoic acid can be synthesised using appropriate:
fa) Grgnard reagent
(b) Amide
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Arrange following in ascending order of given properties: z

(a) Ethanal, Ethanol. Methoxymethane. Propane (boiling point)

(b) Propanal, Benzaldehyde. Acetophenone {reactivity towards nucleophilic
addition reaction)

Complete the reaction sequence by writing structures off A-E, Also name the

reaction involved in the conversion o[ A to B. 2
CH, ﬁ: OA(IZ:H: " Zn-Tg / Conc.TIC1 T ELK;EI,Q - KOH, EL= c
MNa011
D+E
Explain following: 3

{a) @-hydrogensinaldehydes and kelones are acidic innature,

{b) There are two -NH, groups in semicarbazide. However only one involves in
the formation ofsemicarbazone.

{c) Propanone is less reactive than propanal towards nucleophilic addition
reactions.

How will vou carry out following conversions? 3

(a) Bromobenzeneto 1-Phenylethanol

{(b) Benzoicacidtom- Nitrobenzyl alechol

(¢) PropanonetoPropene



UNIT TEST-2
Aldehydes, ketones and carboxylic acid

Maximum Marks : 20 cm, Time: 1 Hrs.
1. Givethe IUPAC of |' e COOH
2. Whichacid will be more acidic  COQH {l.‘DDH 1
i s
=)
F; flgH;‘

3. Write product of CH,CHO with hydrazine. 1
4.  Which will have higher boiling point CH,CHO or CH,COOH. 1
3. How many mole of hvdrazine will be used with one mole of Phthaldehyde I
6. Write chemical distinguish test to seperate following, l

{a) Pentan-2-one and Pentan-3-one

(b} Benzophenone and Benzoie acid
7. Write short not on |

{a) Hell-Volhard-Zelinsky Reaction

{b) Etard Reaction
2. Howwillyou synthesise (i) Acetone from propene. (ii) Salicylic acid from benzene. 2
9. Arrange the following compound in increasing order of their properties.

(a) CH,COOTM, CJH,COCH,, CHLCHO [Reactivity towards nucleophilic addition

reaction]

(b) Cl-CH,-COOH, F-CH,-COOH, CH,-CH,-COOH (acidic character)

{¢) CH,CHO,CH,CH, CH,COOH, CH,CH,0H (boiling point)
10, Giversason. 3

{a) Cyclohexanone forms cyanohydrin in good yield but 2.2.6- trimethyl
cyclobexanone does not.

(b} There are two-NI, group in semicarbazide howere only one is involved in
the formation of semicarbazone.

{a) Conveutthe following 3

(i) Benzaldehyde to 3-Phenvlpropan-1-ol

{ii) Benzoleacidto m-Nitrobenzyl alcohol

{b) An organic compound with melecular formula CH,O from 2.4-DNP
derivatives., reduce Tollen's reajent and undergoes cannizarro's reaction.
on vigrous oxidation it gives 1,2- Benzene-dicarboxvlic acid, Identify the
compound.



< Points to Remember >

r’

Geometry

Pyramidal shape unshared

\

g )
Nomenclature

Commaon Names:- Amine is used as suffiy
afier alkyl group eg. CH,CH,NH, 15

ethylamine
IUPAC names:- ¢ is replaced by - anine
e CILCHLNH, is Fthanamine.

[Chaiﬁbiﬂnl nnd Nomenclature of Amines

\ J/

-

Classification
R R
E : o E:)N-

Primary(1)  Primary(2") Primary(3')

A
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Method of Preparation
1. Reduction of W, . W,
Nitro compounds O Bl @
O e Se+HCL e
or Fe+ WO

2. Ammonolysis A )
Allyl Halides NHtR-X  —RNH, X
H/Ni
E-C=N R-CH,NH;
3. Reduction of nitriles Na(Hg)/CH0H
" (i) LiALH,
; 1) La .
4. Reduction ofamide R-C NH, ; R-CHNH,
{i1) H,O
5. Gabriel phthalimide sythesis
a n a 1] -
8 - ¢ g
@\ ".N-H &. || = E‘N S E. @ \N-R &f‘“q@[ +RMH,
) ¥ i Tom

Basic character in gaseous phase:

6. Hoffmann bromamide degeneration reaction.

|
B-C-NII, +Br,+4NaOH RNH, +Na, 00, + 2NaBr + O
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Chemical Reactions:

(i} Reactions Basic character: Due to presence of lone pair of electronz on N
of -NH, group they acts as base
325 3% = 1* > ammonia (due to + | effect of alkyl group)
Basic Character in agueous phase:
{C,H,), NH > (CH)N > CN,NH, > NH, (R is ather)
2 3 L= than -CH,
(CELY, NH = [CH,NH;) > [CHLN = NLL (R i3 - CH,}
27 I : i

1l
(i) Acylation (GITLLNIT+ ILCf"rClﬂh ] N'L\CI-I_, + HCI

(ii)Carbylamine reaction:
R-NH, +CHCl,+ 3KOH——4A—» R-NC+3KCI+3H,0

{(1v)With nitrous acid e
RNH, - ®9+BA, poNcl]— 2% 4 ROH+N,+HC
- -
CHNH, e CHN,Cl+NaClI+2H,0

(v} With Benzene sulphonyl chloride

0 0
e S0 N _N-CIE +-HCI
(T § +HNCH, 2T 4 I s
{vi) Electrophilic Substitation
NH, NH
1 Br | fBr
() —3BRHO ANy,
Br
DAL At hik N,
H:NG SD‘ o o foDJ
(B 2 o+ + [
S 2.331\__ '-.Er" e --‘_b]-':}2 -l
NO, (47%) (2%4)
(51%)
NH, IFHHHSD: NI, NH,
. 1
SOH S0,

Zwirter fon
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Diazonium salt
N,CI
I'IljJ X may be Cl . Br, HSO, , BF,
Benzenedrazonium sall
Preparation:

CHLNI, + NaNO, + Nc1 -2=3C ¢ HN,Cl + NaCl + H,0
N'=NCI

[
Reaction: =

Tm J-'N.:
Cudie Cl i
Gttermipm's \ y/ Sandmeyer
Beaction (‘u. [HBr CaBr,
Ar—BH‘N’

e B 1, | Pesctdon

HEr
B Ny,
AH+KCI-|N : Vg ArCE+ T
III o~ '\‘:‘T

Ar-THBEAN,

B, Coupling Reaction

a{-Na+ 508 ) N

Clrs_ng]}ye
p-Hydroxyazobenzen.

OH+Cl +H,0

frl}L~NCI II— ~NH, —[T'—erN—N-* FNH,+Cl +HO

Yellow Dye
(p-Aminozobenzune)
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ORJECTIVE TYPE QUESTIONS |
MULTIPLE CHOICE QUESTIONS
In the nitration of benzene vsing conc. H,50, and cone. HNO, the species which

initiates the reaction is:
(a) NO' (b) NO,’
(c) NO, (dy NO,
The correct IVPAC name of CH,=CH-CH NHCITL,
(a) Allylmethyl amine (b} 2-Aminopent-4-ene
(¢) 4-Aminopent-l-ene (d) N-Methylprop-2-enamine
Which is the weakest base”?
- NH, p—
(a) || [ () { »—NH-CH,
i X N g
NH,
{c} - ....-',_1.._] {d} []_BC —NII:
The correct order of basic strength for the following compound is:
% N s
e S A
0 | ‘ (i) || "] (iif) I %'IJ
S ~.L.__T___d:r--' -t-'-.‘l.-"'
NO, CH,
(a) ii<ii<i (b) idi<i<ii
(c) Hi<ii<i (d) 1<i<in

The structure of “C* in following reaction sequence would be -

- CH,
NH, ¢ N
A HiNG, =/ cH,
| ] “ma P L
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cH,
EH'F % [.—-' ﬂ._l:! CI].!I H [:_,--..._. - EH}
{H.-_} i g Nk N '-'-'.i.--' {h} - i ,..-NHN--"-““ o
H.C el E
R
(o) | = R e @ < _ ;,—N=N,CH1._H 5
H,C

Which ol the following statement about primary amine is falze?
{a) Arylamines react withnitrous acid to produce phenol

(b) Aldlcyl amines are stronger base than ammonia

{(c} Alkylamines arg stronger base than aryl amines

(d) Alleyl amines reactwith mitrous acid to produce alcohol
Which of the following is most stable diszonium salt?

(a) CHN,'’X (b) CHN,'X

(¢) CH,CIN,X (dy CJILCHN,'X
Method by which aniline can not be prepared is:

fa) Reductionofnitrobenzene with HyPd in ethanol.

(b} Potassiumsaltofphthalimide treated with chlorobenzene

{¢) Hydrolysis of phenyl isocyanide with acidic solution

{d) Degradation of benzamide with bromine in alkaline medium solution.

In the chemical reaction:

CH,CH,NH, +CHCI, +3KOH —'A'+'B'+3H,0
The compound "A’ and 'B' are respectively:

(4) CH.CH,CONII, and 3KCl

(b) CH.CHNCand K.CO,

(¢) CH,CHNCand3KCl

(d) CH,CH,CNand3KCl

NH,



10.

L1

12,

Amines | 265

An amide (A) reacts with bromine in aqueous NaOH and forms amine containing
three carbons. Tdentify (A):

{a) 2-Methylpropanamide (b)
{¢) Butanamide (d)

Propanamine

None of these

Which of the following compound will give significant amount of mera product
durmg mononitration reaction?

{lfl OCOCH,
£ 0 i
NH, NHCOCH,

(c) | ;. | () s

The final product C in the following sequence of reaction is:

Ifﬂz
'i. %y _Bromine water A NaNO/HCI g (i) HBF,
273-278K iAo
~Br
B\ F F[H
R - Br
@ ] () i
‘ 1
O,N .
NH, F
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16.

In the reaction, the structure of product A is:

N NI, z
CH, _{x n, c (i)NaOH, Br, .
— 0 W = P9
& /S
e Cl
q —
a =\ SN a9
W ad T L Oaod Y o
H H et b {""
=
5%
Nt
© /U8
~ SN R HC 4 < 0
0 e = I N.C\
H %
v A
Which ofthe following reactions forms benzylamine? o
W N\ (i) LiAlH, b) CA,coNg, NaOBr,
\ )CONIL Gommoat (MO :
&
eien /0 (@) ( [SNH ADKOH
P “ (i) CJLCILBe
' (iil) ag. OH

Bromobenzene can be prepared from benzene diszonium chloride by ils reatment
with-

{a) Cu/HBr

{b) Bi,hv

(c) CuBr/HBr

(d) Br/CCl,

Acetamide and Ethylamine can be distinguish by reacting with
(a)ag. HCland heat

(b)ag. NaOH and heat

{e)Acidified KMnO,

{d) Bromine Water
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The order of reactivity ofhalides with amines is

(a) R1=RBr>RCl

(h)RBr=RI>RC1

(¢} RC1>RBr>RI

(d)RBr=RCI=RI

‘Which of'the following does not aifect the K, of an organic base”
{a)+Lor-Teffect

(b) solvation effect

(¢) density

(d) steric hinderance

Which of the following on reduction with LiAlE, yields a secondary amine?
{a) Methyl isocyanide

(b) Acetamide

() Methvl cyanide

(d} Nitroethane

Indiazotisation of aniline with MalNO, and HC| acid the excess of acid is used
primarily to

(a) suppress the concentration of free aniline

(b) suppress the hydrolysis to phenol

(c) ensure a stoichlometric amount o HNG, acid

(d) neutralise the base liberated.

FILLINTHE BLANKS
Reaction of nitrobenzene with Fe + HCl results into the formation

ok
Aromatic amines are............. bases while aliphatic amines are........... erer DESES

than ammonia.

Gabriel phthalimide synthesis iz used for synthesisof ..o smInes,
Benzenesulphonyl chloride is also knownas. ... reacent,

Butanamide on reaction with LiAlH, forms..........cccc.

Toreduce activation ol aniline it is deactivated by. ... reaction,
Nitration of aniline forms para and ...........c...... iSomers of nitroaniline as

major products.
Benzene diazonium chloride may be converted into phenol by réaction with



268 | Chemistry-XII

MI ASSERTION REASONTYPE QUESTIONS
In the following questions a statement of assertion followed by a statement of reason is
given. Choose the correct answer out of the following choiees.

{a) Both assertion ond reason are correct slatements and reason 18 correcl
explanation of assertion.

(b) Both assertion and reason are correct statements but reason is not correct
explanation o assertion.

{c) Assertioniscorrect statement but reason is wrong statement.

(d) Assertionis wrong statement but reason is correct statement.

ASSERTION : Acylation of amines gives a monosubstituted product whereas

alkylation ofamines gives polysubstituted product,

REASON : Acyl group sterically hinders the approach of further aoyl groups.

ASSERTION : Hoffmann bromamide degradation reaction results into formation

of primary amines.

REASON : Primary amines are more basic than secondary amines.

ASSERTION : N-Ethylbenzenesulphonamide is soluble in alkali,

REASON : Hydrogen attached (o nitrogen in sulphonamide 13 strongly acidie.

ASSERTTION : N. N-Diethvlbenzenesulphonamide is insoluble in alkali,

REASON : Sulphonyl group attached 1o nitrogen atom is strong electron

withdrawing group,

ASSERTION : Only a small amount of HCI is required in the reduction of nitro

compounds with iron serap and HC] in the presence of sicam.

REASON : FeCl, formed gets hydrolysed to release HCl during the reaction.

ASSERTION : Aromatic | amines can not be prepared by Gabriel phthalimide

synthesis.

REASON : Aryl halides undergoes nucleophilic substitution with anion formed by

phthalimide.

ASSERTION : Acctanilide is less basic than aniline.

REASON : Acetylation of aniline results in decrease of electron density on

nitrogen.

ASSERTION: n-Propylamine has higher boiling point than trimethylamine.

REASON: Among n-Propylamine molecules. there is hydrogen bonding but there

is not hydrogen bonding in trimethylamine.

ASSERTION: Aniline does not undergoes Friedel Craltsreaction.

REASON: Friedel Crafts reaction isan clectrophilie substitution reaction.

ASSERTION: Ethylamine iz more basic than aniline,

REASON: Due to +1 effect of ethyl group electron density on nitrogen increases,
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ONEWORD TYPE QUESTIONS

Name the reaction in which primary amines reacts with CHC), and KOH forming
foul smelling substance.

Write the TUPAC name of white precipitate formed by reaction of aniline with
bromine water.

Write the product formed by the TMoffmann bromamide degradation of
benzamide.

Is CHLCONIT, weaker or stronger base than CH,CH,NIL?

Write the structure ol reagent used to protect amino group in aniline,

Name the product formed when benzene diazonium ¢hloride reacis with ILPO),.
Name the reaction which is used to convert diazomium salt into corresponding
halide by reacting with Cu(T) halides,

Which type ofreaction involves in the cleavage of C-X bond in ammonolysis ?
What is the pIl during coupling reaction between phenol and benzendiazonium salt,
Write the reagent which can be used to converi nitrobenzene to aniline

How many strictural isomer are possible for C,H, N compound?

Nume the reagent for the conversion of amide to amine containing same number of
carbon atom,

What kind of substitution involved in Gabriel phthalimide systhesis?

Name the solvent which weused in acetylation of aniline using acetic anhydride.
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VERY SHORT ANSWER TYPE QUESTIONS (1 Marks)

Convert m-dinitrobenzene to m-nitroaniline.

ITIOE NH,
NE)S N
b J [H] L B
_ kND: i g . ND:
CH,-CH,
Write [UPAC name of CH,-N - C-CH,-CEL
CH, CH,

3-Methyl-N.N-dimethylpentanamine

Give one use of quaternary amroonium salts.,

. Itisused as detergents, e.g., [CH,(CH,) N(CH,),]'CT

Mention the chemical formula of Hinsberg's reagent.

. Benzene sulphonyl chloride, C,H,-50,CL

Why aniline dissolves in HCI?

. CHNH,+HCl—[CHNH]'Cl

It dissolves due to its basic nature.

How will you test the presence of primary amine?
By carbylamine test.

RNH, + CHCl, +3KOH —R-NC +3H,0

What happens when aniline is treated with bromine?

NH, T-Hz
“ . ,_\| _| SBH {an;l a Br - j;;::_ ; -B'I'
| h ,] + 3HBr

s

IL (Light vellow ppt.)
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B.  Writea chemical equation to illustrate the ammonolysis.
Ans. TForalcohols:

_NH, 4 CILOH | egNn CHLOH

CILON — o e ™ CINTL —Hg > (CHN

For alley] halides:

cHyr N 373‘& carNI, - ---HJ » C,H,),NH, "ﬁi UL (0N Sl [(GHINTT

9,  Ceonvertnitrobenzene into aniling,

Ans,
NO,
| e,
Ao |
I | H, / Ni
e Reduction I| |
10. Convert C,H,COOH to C,JT,NTI,
A5 coom CON, NH,
: | |
i_ - 1 NHJ [3{}} - o .;jx.__ Bl} JKOH - I._l o l

11.  Write the name ofisomerism exhibited by different amines.

Ans, Chain. position. metamerism, functicnal.

12.  Armange the following compounds in increasing order ofsolubility in waler:
C,HNH,={C,H,),NI=<C,ILNII,

13, Whatizthe role of TINO, in the nitrating mixture used for nitration of benzene.

Ans. HNO,provides NO,' electrophile.

14. Why CZ-&ILI‘iC] not stored and is used immediately afier its preparation?

Ang, Itishighly unstable

13, What is the best reagent to convert CH,CONH, into aniline?

Ans.  Br,+NaOH
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16, Wrile of TUPAC of NH,

NO,
Ans. 2 4-Dinitrobenzaming/2 4 Dinitroaniline
bk Write the structure of N-Ethyl-N-methyl ethanamine
Ans. CH-CH,-N-CH,
|

CH,-CH,

L8, Rearrange the following compound in an increasing order of their basic
strength.
Aniline, p-pitroaniline, P- toluidine.

Ans.  p-Nimoaniline< Aniline=p-Toluidine

19 Ammonolysis of alkyl halide doesnol give amine n pure state why.

Ans.  Because 2°and 3°, amines are also formed

20 A poisonous gas is formed by the reaction of R-NH, with CHCL, , KOH.

Give the name of the tesr.
Ans,  Carbylamime test
21. Out of Pentan-1-0l and pent-1 -amine which is more soluble.

Ang,  pentan-1-ol

22; Identify Aand B:
CH,COOC,H, Ni, A Bo/kou B

Ans. A-CIH-CONH,  B-CIL-NII,

23. Write the name of test to distinguish berween ethanamine and N-ethyle
gthananing

Ans.  Tinsherg Test,

[E-HUR]' ANSWER TYPE QUESTTONS (2 or 3 Marks)

1.  Howwill you convert following :
fa) 3I-Methlyvlaniline to 3-Nitrotoluene
{b) Amnilineto 1.3,5-Tribromobenzene

NH, "M.BF, NO,

{al ,,.l;;x.. L) NaNO/HO T | NeNO./ Cu ___i::_x
[ T [ St 1 e

. L ':TI_ ., - e, q al

+ = CH, CH
NH, ‘
b L NH; N.Ci
Br,/HO pgs .. _Br -

Il M —» . - |- Dlﬂu_'!.'EﬁSﬂ:ljl.:_El .HI'H__._: - _:____..B'." A
L L~ MNaNouCl | ]  meosmg |
T 0-5°C N ~F

Br Br Br
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Accompound *A” having molecular formula C.H.ON reacts with Br; in presence of
NaOH to give compound. “B’ Thiz compound "B’ reactz with HNOQ, to form alechol

and I, gas. Identify compound " A’ and ‘B’ and write the reactions involved.

B, | HNO

: .o NV
CH,CH,CONH, NaOIT CH,CH,NH, » CCHOH+N,+H,
(A) (B)
Account for following:

{i) Amino group in aniline is - and p- directing in aromatic electrophilic
substitution reactions but aniling on nitration gives a substantial amount of
m-nifroaniline.

(i} Aniline does not underzoes Friede!l Crafts reaction.

(i It is because aniline is protonated to form anilinium cation. in which
-NH,' group is mera-directing.

(i) It is because aniline is Lewis base can form adduct with AICY which
deactivates the ring.

Howwill you synthesize ethanamine by Gabriel phthalimide synthesis?

0
D, a8 e
SN (li —l
0 0 i
Z# S COOH  HOM' 7 O
C,HNH, + b - . | || B - N-LIH-S
phthalic acid

Write short notes on following:
{a) Couplingreaction
(b} Ammonolysis

RN E JN slkaline, /W s/ N "
(_p-NeNCr+BC_)-NH, (O 4-5) ()N )NH, +HC
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Ammonolysis: R-X+NH,—R-NH,+HX
RN, HR-X—(R);NH+ITX
(R ,NH+E-X —(R),N+HX
(RLN+R-X — [RNX
6. Account for the following :
(b) (a) Electrophilicsubstitutioninaromaticaminesiakes place more readily than benzene.
(b} Nitro compounds have higher boiling points than hydrocarbons having almost
same molecular mass.
Ans. (a)- NH,iselectron releasing group so electrophilic substitution takes place faster,
(b} Nitro compounds are more polar than hydrocarbons therefore have more
depole Waals forces of attraction,
7. Wnte the structure of reagents/organic compounds *Ato 'E* :

! z 3 A CH"NI].
o NeOH/Br, o NaNO,/HCL . p o H/Pt Y™ ,
CONH, NH, N,Cl CN
Anss L (I —— L
A B C D E

B. What happens when :
(a) Analkylhalide reacts with AgNO, and product is reduced.
(b) Analkylhalide is treated with AgCN and product is hydrolysed.
(c) Methyl magnesivm bromide is treated with cyanogen chloride.

Ans, Sn/HC]
(8) R-X+AgNO, ——> R-NO, 2213 R-NH,
AgX (1]
(b) R-X+AgCN > rne RO RNH, +HCOOH

~A

(¢} CHMgBr + CN - Cl-» CH,CN +Mgf:m

Br
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9. Write reaction for benzoylation of aniline.
E‘J: NH, o e
gl ¢ il e Gz :
as:[ ] 4 — S +E
I i H
MN-phenyl benzamide
10. Draw structure of the following compounds:
(a) N-Isopropylaniline
{b) t-Butylamine
H O
o BL CH,
Ans:(a) o Ny 1 Cl (h) T
[ e O HC~ € NH,
11. Givereasons:
{a) Electrophilic substitution in aromatic amines takes place more readily than
benzene
(b) Ethylamine and acetamide both contain amino group but acetamide does not
show basic nature,
Ans: (a) -NI, group inaromatic amines shows +R effect and increases electron density
onring and facilitating the attack of electrophile.
{b) In acetamide the eleciron pair on nitrogen is i resonance with carbonyl
group so electrons are less readily available than ethylamine,
12, Anorganic aromatic compound 'A' with the molecular formula CH N is sparingly

soluble i water. 'A' on reatment with dil. HC1 gives a water soluble compound B’
'A' also reacts with ehloroform in presence of aleoholic KOH to form an obnoxious
smelling compound 'C". 'A' reacts with benzene sulphonyl chloride to form
alkali soluble compound 'D'. "A' reacts with NaNO, and HCI to form a compound
'E' which on reaction with phenal forms an orange dye. Elucidate the structures of
the arganic compounds from'A'to 'F',
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Ans,

NC H \IU
A NeEo
L T
~F == ¢ N
C D
."Ir-_
Ry .'l_}__{ —
— N_i-. s

Write chemical distinguish test between following pair of compound.
{i} Aniline and N-Methylaniline

(i) (CH,), NH and (CHL),N _
. (i) Aniline + CHCL#KOH — | © | Foul smell

B
|

N-Methyl aniline + CHCL, + KO — No reaction

(ii) (CH,), NH+HNO,
(CH,),N + HNO,

Yellow oily compound
Salt soluble in water

Write the main product when benzene dyazonium salt reacts with following reagent

() HBF,/A (i) Cw/HBr

(i) If:'fl
_ '__.;:‘ ll_BEJ_
||‘_ '_,_J A
zii,él
e Cu/HPB:
{LI.} | R
N.Cl
|

(iii) F,0
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Write the method to prepare a pure sample of primary amine having one

more carbon than the alloyl halide used ?
R-X KCN(Ale) p.cN  LiAllL, R.CH-NH,

(Peduction)
How will you prepare methyl orange from sulphanilic acid ?
HOS + o-Nm, NeOH & o el o HNO:
1 W A =3 WNJD}S "'.".__ N[l_z W

—_—

NaOS( )

o T
Cold i
_CH,
N
Ty CH,

NaO,s () N-N ) NCH),

4

Meathy] Orange

Why methylamine in water react with ferric chloride to precipitate hydrated

fermic oxade,

Methylaming form soluble hydroxide in reacting with water the OH ion released

comibine with Fe” ion to give forric hydroxide.
CHNH A+ H,0 — CHN'H, + OH
2Fe"+ 60H — 2Fe(OH}, or Fe,0,3H,0
C-::nrnpi:ttl hie'falluwing reactions:

o LiAlH,
(DR-CNH, ——

H,0
(i) CHNCI+HPOFHO &
{iii) CJL, NIL+ Conc. [INO, ————»

. (i) R-CH,-NH,
() CH, N, NH, R

Hll]' T WO T %
| =1 |
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19.

Ans;

20.

Ans:

Ans. () CHCcooH —s cnconn

Give reason why trimethyvlamine reacts with BF,; while tnphenylamine
does not,

In tromethvlaniline {(Me),N . the methyl group show +lI effect | hence increase
the reactivity towards Lewis acid (BF,). While in (Phy), N. Phenyls group
(C,H,) show -I effect which decrcase the e density over N atom. hence
reaclivity decreases towards Lewis acid (BF,)

Tustafy with suitable reason: Why is para mitroaniline 18 weaker base than
m-nitro aniline?

Because Nitro group at para position exhibits a strong electron withdrawing
etfect dutto -R and -1 effects and hence decreases electron density from - NH, as
compared to nitro group at m-position, where it only exhibits 1 effect.

| LONG ANSWER TYPE QUESTIONS (5 Marks)

Arrange the following

{a) Indecreasingorderofpk, value
C,H,NH,.C,H,NHCH,,(C,H,),NH and C H,NH,

(b} Inincreasing order of basic strength:

(1) Aniline, p-Nitroaniline and p- Toluidine

(i) C.JI,NIT,, C,IL,NHCH,, C,H,CH,NH,

{(c) Indecreasing order ofbasic strength:
C,H,NH,, (CH,),NH, CH,NH,

(d} Decreasing order of basic strength in gas phase ;
C,H,NH,, (C,H;),NH, (C,H,);N, NH;

{e) Increasingorderofboiling point:
C,H,0H, (CH,),NH, C,H,NH,

(8) C[LNIL>CJINHCH, > CILNIL > (C,IL), NII

(b} (i)p-Nitroaniline < Aniline < p -Toluidine
{11) CH,NH,= CHNHCH, = CH.CH,NH,

(¢) (CH,), NH>CHLNIL> C LN,

(d) (CH)N>(C,H),NH>C,HNH,~NH,

(e) (CH,),NH<CHNH,<C,H,OH

How will you convert the following compound:

(1) Ethanoicacid into Methanaming

(i) Hexanenitrile into |- Aminopentane

(1i1) Witromethane to Dinethyvlamine

(iv) Ethanamine into Methanamine

_Br,
' NaE” CHNH,

kdethanot
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Conpe HCI Br. KOH

(iiy CH: (CHy), ON — b8 CH, (CH,), CONH, — > CH, (CH,), NH,

Hexame wiiri's H_:a:nmmﬂ: | .-\mun]]:_mm:

@) CILNO,— 5 e, — % epne — M s epNpcH,
Kaidhans Erhanyic arid

(iv) cu,c:uﬂﬂu, mﬁ-ﬂﬁcﬁ‘} CH,CILOH EM0¥ o cp) COOH - 5 CH,COONH,
e — S OH,CONH,— X2 5 CHNH,
. ) Mithanausing
Write short note on the following .-
{a) Carbylamine reaction
(b} Diazotization
{¢) Hoffmann bromamide reaction
{d) Couplingreaction
(e) Ammonolysis
{1} Carbylamine reaction : When primary amine (aromatic or aliphatic) warmed
with chloroform and ale. KOH, isocyanides are formed which can be identified by
their offensive smell. This test is used to identity the presence of primary amine or

chloroform.

RCHNH, + CHCL, + 3KOH (alc.) —— RCHNC + 3KC(l1 + 3H,0

=

=.-NH, ; = -NC
- +CHCL, + 3KOH (alc) ———= [0 || +3KCH3H,0

g

Aniline Phenyl i;;:qrauare

(b) Diazetization : When primary aromatic amine is treated with NaNO, and
HCl at 273-278K, diazonium =alt is cbtained. This reaciion is known as
diazotization.
IFI;CI
YR NaNO, + HOI- 222K, Y Lonp

Amhne Emzenf:.;j:ii.i;zmﬁmn
chloride

S
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Benzenediazonium chloride iz a very important synthetic compound, which can be

changed mto haloarenes, phenol, cyanobenzene, benzene ete.

(c) Hoffmann's bromide reaction : When any primary amide (aliphatic or
aromatic) is treated with bromine and alkali. it gives the amine with one less|

carbon atom.
O

R- l( - NH, + Br, + 4K0OH * RNH, + K,CO, + 2KBr + 2H.,0
This reaction is used to reduce one carbon atom form a compound.
(d) Coupling reaction : When benzenediazonium chloride is treated with phenols
or aromatic amines, azo dyes arc produced in which diazo (- N =N -) group is

retzined. Coupling reactions generally take place al p-position of phenol or

aromatic amines.
=\ =\ NabH /—\ =
pmNENCE + 4 0HT >4 / N=N= / OH
Benzendiazonium Phenal p-Hydroxyazobeneze
chloride (Azo dye)

(e) Ammonolysis : Reaction of alkyl halides with ammonia is known
as ammonolysis. Ammonolysis generally gives the mixture of 17, 2%, 37

anlines and quaternary ammonium salt,

RCILCL
RCH,Cl+ NH,— - RCH,NH, TEI' (RCH,NH —— > (RCH)N
-HCl | RCHC
¥ L.
RCHNC

4. Complete the following reaction ;-
(iy CHNH+HSOconc.)—
(i) CH,N,Cl+C,H,OH—
(i) CHNH+HCH,CO),0—
(iv) CJLN,Cl+ILPO,+,0—
(v} CHNH+CHCL+3KOH(ale)—
Ans: (i) [ NH, " ]
‘ 3 | HSO i -I’J'l- -
| s | $0:;
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(ii) CH+N+HCI+CH,CHO
(iii) CILNHCOCIL+.CILCOOH
(iv) CH+H,PO,+HCI+N,
(v) CJLNC+3KCI+ 31,0
5. Accomplishthe following conversion ;-
(i} CHNO,— CJH,CO0H
(ii) Benzene — m-Bromophenol
(iii} CH,COOH—C,HNH,
{iv) Aniline 24,6 -Tribromoaniline
{v) Benzylchloride — 2-Phenylethanamine

Ans- -~ _NO, o~ NIL NG P
(i) I Emﬁ:lr[ | NaNOy Tﬂ-|" | - KCN.,l" |C‘N
S 6H] = o 273K e

Nitrobenzene ' i
H,O
L
I:# ~COOH
Benzc&c acid
NO, NO, NH,
.. =  _Cone. HNG, Z 5 B F Sn+HCL ="~
M LI~ G 030, Laa,--'* g ) | B - lxl e
N, Cl OH
NaNO~HCE | = ~ HEQ |~
.._._.;. - AL I_
ﬂ's{:- - BI it ET
COOH COONE, CONH, NH,
a7 3 _NHOH, =y A By
) 2 1o = ) = ji
Banzoic acid Amiline
NH NH
> Br,-Water D~ -_:.:'-"---3._ Br
o e B
Aniline Br
2.4, - Tribromoaniling
CH,Cl CH,CN CILCH,NH,
w ) KN, 7y Lb, #y
Benzyl chloride 2-Phenylethanamine



7.  WriteA Band C inthe given reaction sequences;

KCN

CuCN

FeMCl |

M  CHNCI

(i) CH,CH.Br

(i)  CHNO,

(iv)  CH,COOH NE,

NalCN

(v) CH,CH,I

Ans. (i) CH,CN,C,H,COOH, C,H,CONH,

HOH o 5 —85% o
LialH, > B —HNUL:-E
B0 5 BOR,
NaOBr s B NaNO,/HCL o
; ﬁ mif B NaOH/Br, 5 C

(ii) CH,CH,CN, CH,CH,CH,NH,, CH,CH,CH,0H

(iiiy CJH,NH,, CILN,Cl, CH,OH
(iv) CH,CONH,, CH,NH,, CH,OH

(v) CH,CH,CN.CH,CH,-CO-NH,, CH,-CH,-NH,
B.  An organic compound 'A' on treatment with aqueous ammonia and heating forms

compound 'B' which on heating with Br, snd KOH forms a compound 'C° of molecular
formula CIT,N. Write the structure and IUPAC of compound A. Band C,

Ans, COOH CONH,
AL L NH.(aq)
=0 g —5 I

EBenzowe acid

N,
Be/KOH =~ =
=2 O
|Cr
Amniline

8. Write the structure of compound A to E in the following sequence of reaction. E is

M-methvanilineg
HINO, Sn/C
A >
[A] H,30, [B] A

CHC, 1,/Pr
s [D]———*[E]



Ang. A= =

| " Mitrobenzene

NHCH,

s

a | N-methylanitine

10. Write the structure A, B. C. D, E in the given reaction.

CHL,COC Br, CIH,C00H
CHNH —» [A]l———»
JLNH, Pyridine [A] A [B]
CHCL+KOH HNO,+ H,S0,
D E
Ans. NHCOCH,
A~ CHNTICOCT, B~ I
Br
NC fmmcu,
D= I S

NGO,
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| CASE-STUDY BASED QUESTIONS

1. Readthe passage and answer the following questions:
Friedel-Crafis (FC) reaction is an important method to incorporate carbon skeletons

into aromatic system. Great successes have been achieved for the hydroarvlation of
neatral arenes {such as toluene. anisole, and their homologues). Because the FC
reactions typically require Lewis acid catalysts, for arenes containing nitrogen atom,
the substrate scope of FC reactions are quite limited due to the coordination between
amine and Lewis acid catalyst, except indole and pyrrole. Being profited from the
exiremely wealk basic properties, acid-catalyzed additions of indole and pyrrole to
alkenecs have obtained great achievements. However, the hydroarylation of alkaline
arenes to alkenes still remains many challenges. Some researches have shown the
possibility of hydroarviation between the parent anilines CH.NH, and alkenes.
However, the reaction of arenes with stronger basicity (such as N N-dimethylaniline
and N,N-diethylaniline) still is a big problem, due to their ability to coordinate with
Lewis acid catalyst which can lead to deactivation of the aromatic ring. Furthermore.
alkaline arenes can trap the proton in the C-H activation process and the reaction will
be terminated as result.

Recently, Bertrand et al. reported an anti-Bredt cyclic diaminocarbene which showed
increased A-acceptling character without diminishing its cs-donor property. We found
that Gold{I) compound derived from this new carbene can be used as effective catalyst
for the FC reaction between alkenes and N N-dialkylanilines, Now, these new FC
reactions are receiving more and more research interesis. As we known, most of the
clectrophilic substitution reactions followed the Markovnikov rule. For the FC
reaction of alkenes, the reactions following the Markovnikov rule should form
branched product. Only several examples were reported on the formation of linear
product by anti-Markovnikov rule. For the FC reactions between alkenes and N, N-
dialkylamilines catalyzed by carbene Gold(T). both Markovnikov and anti-
Markovnilkov hydroarylations were observed and all these reactions gave high para-
selectivity products. The selectivity to the branched or linear product was highly
depended on the strueture of alkenes.
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Reference : Wu, H., Zhao. T. & Hu, X. Friedel-Crafts Reaction of N.N-
Dimethylaniline with Alkenes Caralyzed by Cyclic Diaminocarbene-Gald(l) Complex.
SciRep 8. 11449 (2018). https://doi.org/10.1038/34 1 598-0 1 8-29854-0

(A) Whyaniline does notundergoes Friedel-Crafts reaction?

(B) Writereaciion to convert aniline into N.N-dimethylaniline.

{C) How p-Nitroaniline can be synthesised from Aniline?

(D) Why-NH, group in aniline is ortho- . para- directing?
2. Read the passage and answer the following questions:

The development of base metal catalysts for industnally relevant amination and
hyvdrogenation reactions by applving abundant and atom economical reagents continues
io be important for the cost-effective and sustainable synthesis of amines which represent
highly essential chemicals. In particular, the synthesis of primary amines is ot central
imporiance because these compounds serve as key précursors and ¢entral intlermediates to
produce value-added fine and bulk chemicals as well as pharmaceuticals, agrochemicals
and materials. Here we report a Ni-triphos complex as the first Ni-based homogeneous
catalyst tor both reductive amination of carbonyl compounds with ammonia and
hydrogenation of nitroarenes to prepare all kinds of primary amines. Remarkably, this Ni-
complex enabled the synthesis of functionalized and structurally diverse benzylic.
heterocyelic and aliphatic linear and branched primary amines as well as aromatic
primary amines starting from inexpensive and easily accessible carbonyl compounds
{aldehydes and ketones) and nitroarsnes using ammonia and molecular hydrogen. This
Ni-caralyzed reductive amination methodology has been applied for the amination of
more complex pharmaceuticals and steroid derivatives. Detailed DFT computations have
been performed for the Ni-tnphos based reductive amination reaction, and they revealed
that the overall reaction has an inner-sphere mechanism with H, metathesis as the rate

deternuning step.



Reference : Kathiravan Murugesan, Zhihong Wei. Vishwas G. Chandrashekhar, Haijun
Jiao, Matthias
Beller, Rajenshally V. Jagadeesh General and selective synthesis of primary
amines using Ni-based homogeneous catalysts Chem, Sci., 2020,11,4332-4339
{A) Convertnitrobenzene to chlorobenzene.
{(B) What happens when butanone reacts with ammonia according to scheme
givenahove.
(C) Meniion one methoed, other than meniioned here for conversion of
nilrobenzene to aniline,
3. Readthe passage and answer the fellowing questions:
For a group of nitro-substituied anilines and diphenylamines, a plot of PICHA
(ordinate) against pK,, gave a straight line of slope 0.6, That is, the acidities of the
amines seemed to be affected to a smaller extent by ring substitation than were their

basicities.
L] T

AINH,' — ArNH,

>  ATNH

This result was somewhat surprising because, although resonance with the nitro
group occurs in both the neutral amine and the anion, and hence affects both

equilibria, it involves a very important charge delocalization in the amide anion.

D]N__{-._” r{:_':- “-[.'IHJ; 3 'D]N _: - .-'_NH
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[t has been suggested thal the nitro substituent has an snomalous effect in acid
mixtures (2), where some of the pE,,' values had been determined, In the course
of extending the H— scale to very basic values, we had the opportunity to use
amines containing substitnents other than nitro (3) and to determine if the unusual
effect of substituents on acidity vis-a-vis basicity was due to the presence of nitro
groups. In accompanying papers the pKg, values (4) and the pK,, values of
these aromatic amines are reporled. (The basicities of amines are described, as is
customary, in terms of the acidity of their conjugate acids,)
Reference : Ross Stewart and Douglas Dolman, A comparison of the acidity and
basicity of aromatic amines. Canadian Jowmnal of Chemistry. 45(9); 925-928.
hitps://doi.org/10,1139/v67-156
(A) Which of the following has highest pK, valug?
(a) Aniline
(k) p-Nitoaniline
(¢} m-Nitroaniline
{d) o-Nitroaniline
(B) Why basic strength of aliphatic amines are higher than ammonia?
{C) Whatwill be the correct order af basic strength of following: Et NH,, (Et), NH.
(Et);N

(DY) What happens when aniline reacts with sulphuric acid?



ANSWERS
I MULITPLE CHOICE QUESTIONS

1. 2. d 3 a4 d 35 ¢b6 2700 8 ¢ 9 ¢ IO a
11.¢ 12.d 13. a 14 a 15 c 16.b. 17.a 18. ¢ 19.a 20.c

I FILLINTHE BLANKS

1. Aniline 2. wealeer, stronger
3. Primaryaliphatic 4. Hinsberg

3. Butanamine 6.  Acetylation

7. meta . Water

9

H-bonding
HI ASSERTION REASONTYPE QUESTIONS
l.c2c¢3adbS5abeTaiadhida
IV, ONEWORDANSWERTYFE QUESTIONS
1. Carbylaminereaction 2. 24.6-mbromoaniine

3, Aniline 4. weaker
5. FPriedel-Craftsreaction 6.  Henzene
7. Sandmeyer -

9. pH-%tol0 10. Sn~HCI
. 8 12, LiAlH,
13, 8,/5,

I4. Pyridine

CASE STUDY BASED QUESTIONS
1: (A) Aniline forms salt with anhydrous A1CL,

N, NH-CH, N(CH),
: 1 a2
e, CH-I o CH.-I T,
{B} “ ,-| ]_E[ ! | HJ[ 'I ]
L = o ~:

(C) Refer NCERT
(D) Dueto+R effect of -NIT, group.



2: (A) NO, NH, N,CI cl
: Sp=HC] = ~ HNO,, 1C1 FN Cu,Cl, T
l J S e S l H Ml il it ” = e 9 I
e a[II] R -3 g Y
0 .
CH'}: CH,- CH, _{I}HH’ + CH,~CH-CH, CH,
B < (ii) Hy/Ni ¢
NH,
(C)y NG, NH,

A

i Fe+I1C]
L-f:_.;--] 6 ”

31 (A) (d)

(B) Dueto+ effect of -R groups present in aliphatic amines
(C) (Et),NIL (Et),N, EfNH,
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UNIT TEST-1

Amines

Maximum Marks : 20 Time Allowed : 1 Hour

L.
2.

(a}

Benzamide reacts with Br, and NaOH forming. . oooveimviemimnsini e |

The correct order of basicity of amines is: 1

{a) Ammonia>Ethanamine >Aniline

(b} Ethanamine>Ammonia= Aniline

{¢) Ammonia=Aniline = Ethanamine

(d) Ethanamine > Aniline > Ammonia

When aniline reacts with NaNO/HC then reaction with CuCN followed by acidic

hydrolysis. What will be the final product of the reaction? 1

{a) Nirobenzene (b) Benzaldehyde

(¢} Benzoicacid {d} Phenol

Assertion: Aniline forms 2,4, 6-tribronioaniline on reaction with bromine water,

Reason: -NH, is grtho. para- directing. 1

{a) Both assertion and reason are correct statements and reason is correct
explanation of aszertion.

{b) Both asserlion and reason are correct statements bul reason is not correct
explanationof assertion.

(c) Assertion is correct statement but reason is wrong statement.

(d) Assertionis wrong statement but reason is comrect statement.

Assertion: Primary amines cannol be synthesised by Gabriel phthalimide synthesis.

Reason: Due to steric hindrance caused by bullcy group substitution is not possible.

Both assertion and reason are correct statements and reason is correct
explanation of assertion. 1

(b) Both assertion and reason are correcl stalements bul reason 18 nol correct
explanation of assertion.

{¢) Assertionis correct statement but reason is wrong statement.

i{d) Assertion is wrong statement but reasen is correct statement.

How will you synthesise Butanamine by Gabriel phthalimide synthesis? 2

Write chemical test distinguish to between following pair of compounds:

(#) Aniline and Benzylamine



10.

1L
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(b) Methvlamine and Dimethvlamine

=2

How will vou convert the following compound:
(a) Ethanoicacid io methanamine

(b} Aniline to p-Bromoaniline

An aromatic compound 'A" on treatment with aqueous ammonia and heating [orms
compound B which on heating with Br, and KOH forms a compound 'C' of
molecular formula C.H N, Write the siructures and IUPAC names of compounds
A BandC. 3
Write short notes on following: &
(a) Benzoylation reaction

(b) Hoffmann bromamide degradation reaction

fc) Carbylaminereaction

Explain with suitable reason: 3
{a) Acetylationof aniline reduces its activation effect.

{b) CH.NH,is more basic than CH,CONH,.

{c) Nitration of aniline gives significant amount of meta-Nitroaniline in addition

to o-and p-Nitroaniline.
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UNIT TEST-II
Amines
Maximum Marks : 20 Time Allowed : 1 Hr
L Give the [UPAC of following compound. I3
= - CH,
QN =% .__-_:.-:‘_ N
b2 \\ i,
Givereason:- aniline does not undergo Friedelcrall alkylation.
How will you convert Benzene into aniline

o

What is Hinsberg reagent.

Out of butan-1-of and but-1-amine which one has higher boiling point?
Write short note on following:

(1) Gabriel pnthalinide synthesis

S thoh
[ e e

(11} Diazolization

T. Write chemical distinguish test between following pair. 2
(&) Aniline and benzylamine
(b) Ethane amine and N. N-dimethylethanamine.

8. Complete the following reaction. 2

Wi CH,CO)0 I
i) G —NH, : ) = A "

. 4
=

Gy ( ) nm, _NOMCl o HPO,
B 0-5°C

9.  Arrange the following as per mentioned properties, 3
{a) Ethane amine, N-ethylethaneamine, N-N-diethylethnane amine (Bagzic
strength in-aqueous medium)

(b} Aniline, p-Nitroaniline. p-Tolidine (increasing basic character)
(¢) C,H,NH,. (C,H,),NH. C,H,NH, - increasing order of solubility in water.

10, Comvert the following compounds: 3
(a) Benzamide to toluens
(b} Aniline 1o 2,4,6 - Tribromofluorobenzene
(¢} Chlorokenzene to p-chloroamiline.

11. Two isomeric compound 'A' and 'B' having molecular formula C,H, N, both
lose N, on freatment with HNO, and gives compound 'C' and D'
respectively. 'C' is resistant to oxidation but immediately respond to Locas
reagent, Whereas 'D' respond to Lucas reagent after 5 minutes and gives a
positive iodoform test. Identify A, B, C. D. 3
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Carbohydrates : These are optically active polyhydroxy aldehydes or ketones or
the compounds which produce these on hydrolysis.

Classification :

() Monosaccharides : Those carbohydrates which cannot be hydrolysed into
further simpler carbohydrates. e.q, glucose, fructose, galactose etc.

(ii) Disaccharides : Those carbohydrtes which produces two monosaccharides
on hydrolysis. e.g, sucrose, maltose and lactose.

(iii) Oligosaccharides : Those carbohydrates which give two to ten
monosaccharides on hydrolysis.

(iv) Polysaccharides : Those carbohydrates which on hydrolysis giveslarge
number of monosaccharides on hydrolysis. e.qg, starch, cellulose, glycogen.

Sugar : Carbohydrates which are sweet in taste.

(i) Reducing sugars : Those which reduce Fehling’s or Tollens'reagent due to
availability of free aldehydic groups. e.g, glucose, fructose, galactose.

(i{) Non-reducing sugars : Those which do not reduce Fehling’s or Tollens'
reagent. They do not have free aldshydic group. e.o, sucrose.

(Glucose : Tt is a monosaccharide with molecular formula CH O,
Preparation of Glucose:

(iy From sucrose :

C,H,0,+H0 —> CH0+CH (only from sucrose)

L =]

() From starch : e

(CH,0) +nHO0—C H,0, 6 +HO—-2CH.,0,
) glucose
Stroctare :
Fischer structure :

{(+) glucose has ‘D" configuration as shown ;



CHO
H-¢-0H
H
Hv(l?—{lH
H—('I‘—OH
CH,OH
D-{+)-glucose

*D’- means — OH group on first chiral *C" from the bottom is on right hand and (+)
means it is dextrorotatory i.e., it rotates plane polarized light towards right.
Reactions of glucose ;

HL, CH, — (CH,),CH, n-hexane

CH=NOH

NHOH  criom,

fl“H,ﬂH glucose oxime

COOH
B 14,0 {(I'.‘HDH}.

CHO {!:H,nu gluconie acid
{%:HDHL e "fﬂﬂﬂ
CH,OH % (CHOM),

Glucose COOH  saccharic acid
CHO

|
(CH,C0),0 [;fnnmcum
CH,0COCH; glucose pentascetate

_OH
CH N

i
. {?Hﬂﬂh

CH,OH  glucose cyanohydrin



1)

11.
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Objections against open chain structure of glucose
The open chain structure was unable to explain the following reactions :

(a) Tt does not give the 2, 4DNP test, Schiff’s test and does not form the
hydrogensulphite addition product with NaHSO,

(b) The pentacetate of glucose does not react with NH,OH, indicating the
absence of free aldehydic group.

{¢) Glucose exist in 2 different crystalline forms a and p forms. These are called
anomers. They differ in optical rotation, they also differ in melting point.

Afier which a close chain (eyclic) structure of glucose was proposed by Haworth.

* Anomers are isomers which have a different configuration at C-1 functional
group

Glycosidic linkage : The linkage between two monosaccharide units through
oxygen is called the glycosidic linkage.

Proteins : These are macro molecules made up of amino acids joined by amide
linkage (= CONH =) is called as peplide linkage. These are required for growth
and development of the body.

Amino ackds : These contain an amino (- NH,) and an acidic (- COOH) group and
are therefore amphoteric in nature, In solution, they exist in the torm of zwitter ion
(a dipolar ion).

Native state of protein : The parental state or the natural state in which the protein
is found.

Denaturation of protein : Destruction of the native state of protein is denaturation,
It can be brought by physical and chemical methods, The 2° and 3° structures are
destroyed. only 1° structure is retained.

Enzymes : These are biocatalyst and generally globular proteins e.g,, invertase,
zymase, phenylalanine hydroxylase, urease etc.

Main characteristics of enzymes :
(i) It speed up the biological reaction upto million times.
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(ii) It is highly specific and work on lock and key theory.
(i) It is highly sensitive to pH and temperature.

12. Nucleic acids : These are biomolecules which are long chain polymers of
nucleotides. They are of two types :

{i) Deoxyribonucleic acid (DNA)
(ii) Ribonuocleic acid (RNA)

13. Nuceloside=DBase + Sugar
Nucleotide= Base + Sugar + Phosphoric acid

OBJECTIVE TYPE QUESTIONS

| MULTTPLE CTTIOICE QUESTIONS
I.  Whichof'the following acids isa vitamin?

{a) aspartic acid {b) ascorbicacid
(¢) oxalicacid (d) saccharicacid
2.  Non-reducing sugarout of following is -
{a) Glucose (b) Sucrose
(¢) Maltose fd) Lactosg
3. Inaprotein molecule aming acids are linked together by:
{(a) Peptidelinkage (b} Coordinate bond
{¢) Glycosidiclinkage (d)y Phospodiesterlinkage
4, One strand of DNA has the sequence. ATGCTT, the sequence of complementary
strand would be;
{a) TCCGAA (b)y TACGTA
(¢) TACGAA (d) TAGCTA
5. Which of the following vitamin is water soluble?
{a) VitaminC (b) VitaminD
(c) Vitamink (d) VitaminE

.  Inboth DNAand RNA, base and phosphate ester linkage are at -
(a) C';and C,respectively of sugarmolecule
(b) C',and C',respectively of sugar molecule
() CandC' respectively of sugar molecule

{d) (' andC' respectively of sugar molecule



10,

11.

13.

14,

The two functional groups present in a typical carbohvdrates are:

(a) -OHand-COOH (b) -CHO and-COOH
(¢) =C=0and-OH (dy -CHOand-COCI
The presence or absence of hydroxyl group on which carbon atom of sugar
differentiates RNA and DNA.

(a) 1st (b) 2Znd

[e) 3rd fd) 4th

The carbohydrate known as invert sugaris -

{a) Lagtose (b} Sucrose

{c) Maltoss {d}y Glicose

Pick the disaccharide from following:

{a) Maltose (b} Cellulose

(¢ Maliase (d}y Starch

Which one of the lollowing is not ap aldose?

{a) Glucose (b} Ribose

(¢) TFructose (d}y Galactose

Biomiolecule containing transition metal is-

{a) VitamnC (b} Chlorophyll

{c) Haemoglobin fdy RNA

Which of the following does not have giyeosidie linkage?
fa) Maltoze (b} Amylose

{c) Galactose {d} Sucrose

Fibrous proteins are present in:

{a) Haemoglobin (b) Albumin

{¢) Collagen fdy  Insulin

Hydrolysis of lactose with dilute acid yields

(a) equimolarmixture of D-glucose and D-froctose
{b) equimolarmixture of D-glucose and D-galactose
(e} equimolarmixture of D-galactose and D-fructose
(d) equimolar mixturs of D-galactose and D-sucrose

Biomaolecules | 299
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16.

17.

L.

19,

20,

I

Match the carbohydrate in Cofumn ] with its characteristic given in Column I1

Column-I Column-T1

{A) Laclose {p) Kelohexose

(B) Starch (q) Disaccharide

(C) Sucrose {r) Polvsaccharide

(D) Fructose {s) on hydrolysis gives -D-glucose and B-D-galactose

(a) A-35,B-r,C-p,.D-q
(b) A-p.B-q.C-r,D-s
{¢) A-t.B-5C-p.D-q
(d) A-5.B-r.C-q.D-p
Match the carbohydrate in Columm I with its characteristio given m Columm [T

Column-I Column-TT

(A) Keratin {p) protein

{B) Haemoglobin {q) B-pleated protein

(C) Ribofiavin (r) p-amino acid

() Glycine {5) Water soluble vitamin

{a) A-p.B-q.C-5,D-r
(b) A-q,B-p.C-5.D-r
(¢} A-q.B-p.C-r,D-s
(d) A-s.Bx C-q.D-p
The number of chiral carbon present in [i-D-{+)-glucose is:

(a) 2 {b)y 4 ¢y 3 (dy 1
Which of the following nitrogenous base is not present in RMNA?
fa) Adenine (b) Uracil {c)  Cvtosine (d)y Thymins

Hormone produced under siress which stimulates glycogenolysis in the liver of
human being 7

{a) Thyroxin (b) Insuln {c)  Adrenaling (d)y  Estradiol
FILLINTHE BLANKS

The disease beri-beri is caused dueto lack of ...

Scurvy is caused due to deficiency of ... s

......................... {carbohydrate} is not digested by human beings but digested by
herbivorous animals.

......................... on hydrolysis gives D-glucose and D-galactose.



I
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Amylose and amylopectin are the two components of ...
Carbohydrates which vields a large number of monosaccharide units on hydrolysis

areoalled i S
Carbohvdrates which reduce Tollens' reagentarecalled ......................
Deficiencyof .o leads w xerophthalmia andnight blindness.

pentose sugar. base as well as phosphate group.

The pair of stereoizsomers which differ only in the configuration of the hydroxyl

groupatC-l arecalled ...

ASSERTION-REASONTYFPE QUESTIONS

In each ofthe tollowing questions. a statement of Assertion (A) is given followed by

acorresponding statement of Reason (R) just below it. Of the statements. mark the

correct angwer as

(a) Both assertion and reasom are correct. and reason is the correct explanation of

the assertion.

(b) Both assertion and reason are correct, but reason is not the correct
explanation ol the assertion.

(c) Assertioniscorrect. but reason is incorrect.

(d) Assertionisincorrect but reasonis correct.

ASSERTION : A solution of sacrose in water is dextrorotatory bart on hydrolysis in

presence of little HCLit becornes lasvorotatory.

REASON : Sucrose on hydrolysis gives unequal amount of glucose and fructose as

aresult sign of rotation changes.

ASSERTION : Fruciose does not contain aldehyde group but still reduce Tollens’

reagent,

REASON : In the presence of base, fiuctose undergoes rearrangement to form

glucose and mannose,

ASSERTION : D-(+)-Glucose is dextrorotatory in nature.

REASON : D' represents its dexirorotatory nature.
ASSERTION : Vitamin D can be stored in our body,
BREASON : Vitamin D 18 fat soluble vitamin.
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10,

10.

ASSERTION : All naturally occuriing g-amino acids except glycine are optically
active,

REASON : Most naturally oceurring amino acids have D-configuration.
ASSERTION : In presence of enzyme, substrate molecule can be attacked by the
reagent eflectively,

REASON : Active sites of enzymes hold the sabsirate. molecule in a suitable
position.

ASSERTION: Sucrose is anon-reducing sugar.

REASON : 1t has glycosidic linkags.

ASSERTION: Vitamin C has to be continuously supplied through dist.

REASON: Vitamin C is a water soluble vitamin, excreted by urine

ASSERTION : Cellulose is not digested by human beings.

REASON : Cellulose is a polymer of f-D-glucose.

ASSERTION: Non-essential amino acids are not necessary for protein synthesis.
REASON: Non-essential amino acids are produced in the uman body.
ONEWORDANSWERTYPE QUESTIONS

Mame the component of starch which is water soluble,

Write the product formed when glucose is treated with HL

What are the products of hydrolysis of maltose?

MName the purines present in DNA.

Write the name ot linkage joining two amino acids.

The deficiency of which vitamin causes the disease pernicious anasmia,

MName the nitrogenous base that is found innucleotide of BN A only.

Muame the vitamin whose deficiency is responsible for poor coagulation of blood.
Write the product formed on reaction of D-glucose with Br, water.

Nuame the polvsaccharide which is stored in the liver of animals.
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VERY SHORT ANSWER TYPE QUESTIONS (IMarks) |

Q. 1. What structural feature is required for a carbohydrate to behave as reducing
sugar ?

Ans. The carbonyl group of any one monosaccharide present in carbohydrate must be
free.

(. 2. Give the significance of (+) sign in the name D+{+)-glucose.
Ans, (+) sign indicates dextro-rotatory nature of glucose.

Q. 3. Glucose is an aldose sugar but it does not react with sodinm hydrogen sulphite.
Give reason.

Ans. The -~ CHO group reacts with = OH group at C-5 to form a cyclic hemiacetal.

0. 4. Why is sucrose ealled invert sugar 7

Ans. When sucrose is hydrolysed by water, the optical rotation of solution changes
from positive to negative.

(). 5. Name the amino acid which is eptically inactive.

Ans, Glycine.

(). 6. Give reason : Amylase present in the saliva becomes inactive in the stomach.
Ans. HCI present in stomach decreases the pH.

(. 7. Name the interactions responsible for the stability of o-helical structure of proteins
Ans. Hydrogen bonding.

(). 8. Which nucleic acid is responsible for carrying out protein svnthesis in the cell ?
Ans, ENA (Ribonucleic acid)

). 9. When RNAGs hydrolysed, there is no relationship among quantities of different
bases obtained. What does this lfact suggest about structures of RNA 7

Ans. RNA is single stranded.

€. 10. What type of linkage holds together the monomers of DNA and RNA 7
Ans. Phosphodiester linkage.

0. 11. Give the Haworth projection of D-glucopyranose,



OH
H 0. H
Ans, HH
HO H
H OH
-D{+) Glucopyranose B-Di+) Glucopyranose

Q. 12, Where does the waler present in the egg go after boiling the egg 7

Ans. On boiling, during denaturation process water gets absorbed in denaturated
proteins,

(. 13. Name two protein which is inselable in water.

Ans. Kerutin. Myosin

Q. 14. Mention two important functions of carbohvdrates in plants.

Ans. Major energy source, storage molecules like starch in plants

0. 15, Name the different types of RNA mulecules found in cells of organisms.
Ans. tRNA. mRNA, riRNA.

0. 16. Why are carbohydrates generally optically active ?

Ans. Because they contain one or more chiral carbon.

(.17, During curdling of milk, what happens to sugar present in it 7

Ans. Lactose changes 1o lactic acid,

). 18. The two sirands in DNA are not identical but compiementary. Explain.

Ans. Base pairing rule is followed; A =T and G = C. (Hydrogen bonding between
complementary bases)

Q. 19, If one strand of DNA has the seguence 5°-G-G-A-C-T-A-C-T-3", what is the
sequence of bases in the complementary strand 7

Ans. 1-C-C-T-G-A-T-G-A-5"
€). 20. What are monosaccharides 7

Ans. Sugars which cannot be hydrolysed 1o give simpler units or compounds,
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Q. 21. What is the difference between native protein and denatured protein 7

Ans. Proteins found in a biological system with unique 3D-structure and biological
activity is called native protein. When native protein is subjected to physical
and chemical change, protein loses its biological activity and is called denatured
protein.

| SHORT ANSWER TYPE QUESTTONS (2 or 3 Questions) |

(). 1. Define the following terms in relation to proteins :
(i) Peptide linkage (if) Denaturation

Ans, (i) Peptide linkage : A link between two amino acids with loss of water
— CO — NH - peptide linkage.

(ii) A process that changes the three dimensional structure of native protein is
called denaturation of protein. It results into breaking of hydrogen bonds and
disulphide linkages. Thus, a completely denatured protein has a shape of
random coil.

(). 2. List the reactions of glucose which cannot be explained by its open chain
structure,

Ans, (i) Despite having the aldehyde group, glucose does not give 2, 4 DNP test or
Schiff’s test.

(ii) [t does not form hydrogensulphite addition product with NaHSO..

(iii) The penta acetate of glucose does not react with hydroxylamine indicating
the absence of free ~ CHO group.

Q. 3. Explain what is meant by :
(i) Biocatalyst (ii) Glycosidic linkage

Ans. (i) Biocatalysts are the catalysts which increases the rate of metabolism
biochemical reactions.
(il) The linkage between the monosaccharide units through oxygen is called
glycosidic linkage.



Q. 4.

Ans,

Ans.

Q. 6.
Ans.

Ans.

Explain the following terms :
(i) Invert sagar (ii) Polypeptides

(i) An equimolar mixture of ghicose and fructose produced on hydrolysis of
sucrose is called invert sugar. It is called so because sucrose is dextrorotatory
whereas its hydrolysis product is laevoratatory.

(ii) Polypeptides are polymers of amino acids containing less than 100 amino
acids. For example, oxytocin, vasopressin, efc.

. Name the product of hydrolysis of sucrose. Why is sucrose not a reducing

sugar 7

On hydrolysis, sucrose gives equimolar mixture of D-(+)-glucose and D-(-)-
fructose. Sucrose is not a reducing sugar as glucose and fructose are linked through
their reducing centres in structure of sucrose.

Explain nucleotides and nucleosides.

A nucleoside contain only two basic components of nucleic acids i.¢., pentose
sugar and nitrogenous base.

A nucleotide contains all the three basic components of nucleic acids ie, a
phosphoric acid group, pentose sugar and nitrogenous base.

- Deseribe primary structure and secondary structure of proteins.

Primary structure of proteins : The protein in which amino acids linked with
each other in a specific sequence is said to be the primary structure of that protein.

Secondary structure of proteins : [t refers to the shape in which a long polypeptide
chain can exist i.e., a-helix and [-pleated structure.

(). 8. What is essentially the difference between a-form of giucose and [i-form of

Ans,

glucose 7 Explain.

a-form of glucose and B-form of glucose differ only in the configuration of the
hydroxyl group at C, in cyclic structure of glucose/hemiacetal form of glucose.
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Q. 9. What are anomers 7 Give the structures of two anomers of glucose.

Ans. Monogsaccharides which differs in configuration at C,e.g., a-glucose and p-glucose,

@ p
H-C-OH HO-C-H
)i

H—{F‘—m H-

HO-C-H H

HO - C 0
! !
5 S 5
H-( H-

CH,OH CH,0H
ce-Glucose P-Glucose
Q. 10. Write the obiained by hyvdrolysis of:
(i) Maltose (ii) Cellulose
Ams. (i) a-D-glucose (ii) PB-D-glucose

Q. 11. (1) Acetylation of glucose with acetic anhydride gives giucose penta-acetate,
Write the structure of penta acetate.

(ii) Explain why giucose penta acetate does not react with hydroxylamine ?
HO

Ans, (i) (H-c-o-%acul).

[l

CH,~-0-C-CH,
Glucose pentaacetate

(ii) The molecule of glucose penta acetate has a cyclic structure in which — CHO
is involved in ring formation.

Q. 12. Write the products of oxidation of glucose with :
(i) Bromine water

(i) Nitric acid
CHO COOH
. | Br,-H.0 |
Ans. () (cHOH), ey (CHOm),
CH,OH CH,OH

Ghucose Gluconic acid
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CHO COOH
J HNO, |

(i) {?"H OH), ———p {[(.l','l‘f’l.'}‘l'nn4
CH,OH COOH
Glucose Saccharic acid

Q.13,  State two main differences between globular and fibrous proteins.

Ans. Globular protein Fibrous protein

(i) They form a a-helix structure. (i}  They have f-pleated structure.

(ii) They are water soluble. (ii) They are water insoluble.

Q. 14. What are essential and non-essential amino acid ? Give two examples of
each type.

Ans. Essential amino acids are those which are not produced in our body and reguired
to be supplied from outside, e.g., valine, leucine,

Non-essential amino acids are those which are produced by our body, e.g., glvcine,
alanine.

Q. 15.Coagulation of egg white on boiling is an example of denaturation of protein.
Explain it in terms of structural changes.

Ans, Protein albumin present in egg white gets denatured ie, 2° & 3° structures are
destroyed and 1" structure is retained.

(). 16. Describe two important functions of nucleic acids.

Ans. (i) DNA is responsible for transfer of heredity information from one generation
to another.

(ii) RNA is responsible for protein synthesis.

Q.17.(1) What type of linkage is responsible for the formation of proteins 7
(ii) Write the product formed when giucose is treated with HIL.

Ans. (ii) Peptide linkage.
(iii) n-hexane.
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(.18, Differentiate between the following :
(i) Secondary and tertiary structure of protein
(ii) c-helix and fl-pleated sheet structure of protein

Ans. (i) Secondary structure is responsible for the shape of protein a-helix and
f-pleated sheets in which polypeptide chains have peptide bonds.

Tertiary structure represents overall folding of polypeptide chain and give
rise to the fibrous or globular molecular shape.

(i) o-helix structure : The peptide chains coiled up to form right handed helix
involving H-bonding (Intramolecular).

fi-pleated sheets : The peptide chains lie side by side together by
intermolecular hydrogen bonding.

(,19.(i)) Name the four bases present in DNA.
(ii) Which of them is not present in RNA ?
(ili) Give the structure of a pucleotide of DNA.
Ans. (i) Adenine, Guanine, Thymine, Cytosine.
(ii)

(iii)

B, & B, = Nitrogeneous base
{ Adenine, guanine,
Cytosine or thymine)
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.20. Glucose or sucrose are soluble in water but cyclohexane and benzene are
insoluble in water. Explain.

Ans. Glucose contain 5 — OH groups and sucrose contain eight — OH groups, because
of this they form intermolecular hydrogen bonding, so they are soluble in water.

But benzene and cyclohexane doesn’t contain — OH groups hence doesn't form
intermolecular hydrogen bonding, so they are not soluble in water.

| CASE STUDY BASED QUESTIONS |

1. Read the passage given below and answer the following questions:

Living systems are made up of various complex biomolecules like carbohydrates.
proteins. nucleic acids, lipids. ete. Proteins and carbohydrates are essential constituents of
our food. Carbohydrates are the main source of energy that is ingested by the human body
- Brain mainly utilizes the glucoze. Red blood cells alzo use glucose only. Fiber in the dist
is not digested by human body due to lack of cellulase enzyme. Glucose isthe major enegy
source in the body. Glycogen 15 the storage form of glucose and glycogen is stored in
skeletal muscles and liver. IT glucose intake exeeeds than it is utilized in the body it is
converted into fat. Riboses are utilized in formation of deoxyribonucleic acid .
Carbohydrates are polyhydroxy alcohol with potentially active carbonyl group which
may be aldehyde or keto group. Carbohydrates can be classified on the basis of carbon
atom present in the carbohydrates. Carbohydrates are classified into four types
monozaccharides, disaccharides. oligosaccharides, polysaccharides. Monosaccharides
cannot be hydrolyzed further into simpler form. They may contan 3-7 carbon atoms but
monosaccharides containing 5-6 carbon atoms are more abundant in nature, All
monosaccharides reduce Tollens' reagent as well as Fehling's solution and hence are
called reducing sugars. Pentoses and hexoses have cyclic structures. furanose and
pvranose. Disaccharides give two monosaccharides on hydrolysis, Polysaccharides may
be homopolysaccharides and heteropolysaccharides. Plants produce carbohydrates by
photosynthesis. In most animals, carbohydrates arve the quickly accessible reservoir of
energy. The main fimction of carbohydrates is to provide energy, but they also play an
importantrole in the structure and function of the body organs and nerve cells.
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The following questions are multiple choice questions. Choose the most appropriate
AnMSWEr:
{A) Which of the following statements is not true about glucose?

{a) Itisanaldchexose.

(b) Onheating with HI it forms n-hexane.

{c) Itispresentin furanose form.

(d) Itdoesnotgive2, 4-DNP test.
(B) Thea-and B-forms of glucose are

(a) 1somers of D(+)glucose and L(-) glucose respectively

{b) anomersofglucose

(¢) isomers which differ in the configuration of C-2

(d} isomers which differ in the configuration of C-5
(C) Themonosaccharide constituents of lactose are;

(a) w-D-glucoseand f-D-fructose

(b) w-D-glucose only

{e) P-D-glucose only

{d) p-D-glucoseand i-D-galactose
(D) Glycogen is a branched chain polymer of u-D-glucose units in which chain is

formed by C1-C4 glyeosidic linkage whereas branching oceurs by the [ormation of

C1-C6 glvcosidic linkage. Structure of ghycogen is similar to

{a) Amylose (b)  Amylopectin

(c) Cellulose (dy Glucose
2. Read the passage given below and answer the following questions:
Proteins are very important biomolecules of living systems. o-Amino acids are the
building blocks of proteins. Aboat 20 o-amino acids have been isolated by the hydrolysis
of proteins. Ten amino acids which the body cannot synthesize are called essential aming
acids. The remaining ten are called non-essential amino acids. Proteins are complex
nitrogeneous polymers of aming acids connected through peptide bonds. Protem is very
important in sports performance as it can boost glycogen storage , reduce muscle soreness
and promote muscle repair. For those who are active regularly | there may be benefif from
consuming a portion of protein at each mealtime and spreading protein intake throughout
the day. Protein intake that exceeds the recommended dailv allowance is widely accepted
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for both endurance and power athletes. The various technigques utilized to rate protein will
be discussed. Traditionally, sources of dietary protein are seen as either beimg of animal or
vegetable origin. Animal sources provide a complete source of protein (i.e. containing all
esseniial amino acids), whereas vegetable sources generally lack one or more of the
essential amino acids. Animal sources of dietary protein, despite providing a complete
protein and numerous vitamins and minerals, have some health professionals concerned
about the amount of saturated fat common in these foods compared to vegetable sources.
The advent of processing techniques has shifted some of this attention and ignited the
sports supplement marketplace with derivative products such as whey. casein and soy.
Individually, these products vary in quality and applicability to certain populations,
The following questions are multiple choice questions. Choose the most appropriate
answer:
(A) Correctstatement about amino acids is-

{a) Allamino acids are oplically active

(b) Allamino acids except glycine are aptically active.

(c) Allamino acids except glutamic acid are optically active.

(d} Allamino acids except Lysine are optically active,
(B} Proteins are found to have two different types of secondary structures viz. a-helix

and (-pleated sheet structure. g-helix structure of protein is stabilised by:

{a) Peptidebonds

(b} van der Waals forces

(¢} Hydrogenbonds

(d) Dipole-dipole interactions
(C) Example of Globular proteins is-

(8) Myosmn

(b) Albumin

{c) Collagen

(d) Fibroin
{12}  Which ofthe statements abouil denaturalion given below are correct?

{1y Denaturation of proteins causes lossof secondary and tertiary siructures of the protein.

(2) Denaturation leads to the conversion of double strand of DN A into single strand.

(3) Denaturation affects primary structure which gets distorted,

(a) (2)and (3} (b (1)and(3)

(e) (T)and(2) (d) (1).(2)and(3)
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3. Read the passage given below and answer the following questions:
The particles in the nuclens of cell, responsible for heredity, are called chromosomes
which are made up of proteins and another type of biomolecules called nucleic acids.
Nucleic acids are long chain polvmers of nucleotides. Nucleotides are low molecular
weight intracellular compeounds that play major roles in physiological and biological
functions, They act as precursors Tor nucleic acid synthesis and are also fundamental
[or intermediary metabolizsm. Thetwo types ol nucleie acids found in the chiromosomes of
cells of mammals are called 'deoxyribonueleie acid' and 'mbonuveleic acid’. They are
usvally abbrevisted as DN A and RN A respectively. As they are found in the nuclus of cells
, they are called nucleic acids. Nucleotides and nucleic acids turn over rapidly, especially
in growing tissues or those undergoing constant cell renewal. Tissues that grow have a nat
[ormation of new DNA and a rapid tumover of RNA . Nucleolides consists of a
nitrogenous base (purine or pyrimidine), 4 pentose (ribose or deoxynbose). and one or
more phosphate groups. The nitrogenous bases are derived from two parent heterocyclic
molecules, The major purings found in living organisms are adening and guanine, while
cytosine, thymine, and uracil are the major pyrimidine bases. Nitrogenous bases can be
formed from amino acid precursors or reutilized afier their release from nucleic acid
breakdown via the salvage pathway. The purine ring carbon atoms formed from the
dispensable amino acids glycine, glutamic acid, and aspartame. The carbon atoms
pyrimidines are derived from carbamaoyl phosphate and aspartame. It has been concluded
that there are about six billion base pairs in the DNA ol a single human cell.

The following questions are multiple choice questions. Choose the most appropriate

answer:

(A) Dinucleotide iz obtained by joining two nucleotides together by phosphodiester
linkage. Between which carbon atoms of pentose sugars of nucleotides are these
lmkages present”?

(a) 5and3 (b) ['and3'
(¢} 3'and3' (d) 3and3'
(B) InDNA. the complementary bases are:
(a) Uracil and adenine; cyiosine and guanine
(b) Adenine and thymme: guanine and cytosine.
{c) Adenineand thymine; guanine and uracil
{d) Adenineand guanine; thymine and cytosine,



314 | Chemistry-XII

(C). Thecorrect statement regarding RINA and DNA is:
{a) The sugar componant RNA is arabinose and sugar in DN A isribose
{b) The sugar component in RNA is 2rdeoxyribose and the sugar component in

DNA s arabmose.

(e} The sugarcomponent in RNA s arabinose and the sugar compenent in DNA 15
2'deoxyribose.

{d) The sugar component in BNA is ribose and sugar component in DNA is 2
deoxyribose

(D). Which one of the following is not present in RNA 7
{a) Uracil (b) Ribose
(¢) Thymine {d) Phosphate

4. Read the passage given below and answer the following questions:

Adenosine triphosphate (ATP) is the ¢nergy-carrying molecule found in the cells
of all living things. ATP captures chemical energy obtammed from the breakdown
of food molecules and releases it to fuel other cellular processes. ATP is a
nucleotide that consists of three main structures:the nitrogenous base, adenine;
the sugar, nbose; and a chain of three phosphate groups bound t¢ ribose. The
phosphate 1ail of ATP is the actuwal power source which the cell taps. Available
cnergy is contained in the bonds between the phosphates and is released when
they are broken, which occurs through the addilion of a water moleculs
(aprocess called hydrolysis). Usually only the ouler phosphate is removed from
ATP to yield energy; when this occurs ATP is converted to adenosine
diphosphate (ADP). the form of the nucleotide having only two phosphates.
The importance of ATP (adenosine triphosphate) as the main spurce of chemical
energy in living matter and its involvemenl in cellular processes has long been
recognized. The primary mechanism whereby higher orgamisms, mcluding
humans, generate ATP is through mitochondrial oxidative phosphorylation. For
the majority of organs, the main metabolic fuel is glucose, which in the presence of
oxygen undergoes complete combustion to CO, and H,0:

CH;0,+60, — 60,+6H,0+energy

The free energy (AG) liberated in this exergomie (AG is negative) reaction is
partially trapped as ATP in two consecutive processes: glycolysis (cytosol) and
oxidative phosphorylation {mitochondria). The first produces 2 mol of ATP per mol
of glucose, and the second 36 mol of ATP per mol of glucose. Thus, oxidative
phosphorylation yields 17-18 times as much useful energy in the form of ATP as can
be obtained from the same amouni of glucose by glycolvsis alone.
The efficiency of glucose metabolism is the ratio of amount of energy produced
when 1 mol of glucose oxidised in cell to the enthalpy of combustion of glucose,
The energy lost in the process is in the form of heat. This heat is responsible for
keeping warm.

Reference : Erecinska'. M., & Silvet, 1. k..(1989), TP and Brain Function Journal of
Cerebral Blood Flow & Metabolism, 9(1), 2-19.

https://doi.org/10.10381jcbim. 1989, 2 and

https://www.hritannica. com/science/adenosine-triphosp hate)
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(A) Cellular oxidation of glucose is a:

(a) spontaneous and endothermic process

{(b) nonspontaneous and exothermic process
(c) nonspontaneous and endothermic process
{d) sponlaneouvs and exothermic process

(B) What is the efficiency of glucose metabolism if 1 mole of glucose
gives, IRATP energy(Given; The enthalpy of combustion of glucose is 686
kcal. 1 ATP=7.3keal)

(a) 100%
(b} 38%
[c) 62%
(dy 80%

() Which of the Tollowing statement is true?

{a) ATP is a nucleoside made up of nitrogenous base adenine and ribose
SLgar.

(b} ATP consists the nitrogenous base, adenine and the sugar, deoxyribose.

{c) ATP is a nucleotide which contains g chain of three phasphate groups
bound to ribose sugar,

(d} Thenitrogenous base of ATP isthe actual power source.

(1)  Nearly 95% ofthe energy released during cellular respiration is due to:

{a) glycolysis occurring mcytosel

(b} oxidative phosphorylation.

(c) ghycolysisoccuring in mitochondria

{d) oxidative phosphorylation occurring inmitochondria

(E) Which of the following statements is correct?

(a) ATP is a nucleotide which has three phosphate groups while ADP is
anucleoside which has three phosphate groups,

(b} ADP contains a nitrogenous bases adenine. ribose sugar and two
phosphate groups bound to rihose.

(c) ADP isthe main source of chemical energy in living matter.

(d} ATF and ADP are nucleosides which differ in number of phosphate
ETOUpS.
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Read the passage and answer the following questions:
EVIDENCE FOR THE FIBROUS NATURE OF DNA

The basi¢ chemical formula of DNA iz now well established. it consists of
a very long chain, the backbone of which i1s made up of
alternate sugar and phosphate groups, joined fogether in regular 3" §
phosphate di-ester linkages. To each sugar is attached a nitrogenous base,
only four different kinds of which are commonly found in DNA. Twa of
these-—adenine and guanine-— are purines, and the other two thymine and
cylosine-are pynimidines. A fifth base, 5-methyl eytosine, oceurs in smaller
amounts in certain organisms, and a sixth, 5-hydroxy-methyl-cytosine, is
found instead of cytosine in the T even phages. It should be noted that the
chain is unbranched, a consequence of the regular intemucleotide linkage.
On the other hand the sequence of the different nuclectides is, as far as can
be ascertained, completely irregular. Thus, DNA has some features which
are regular, and some which are irregular. A similar conception of the DNA
molecule as a long thin fiber is obtained [rorn physicochemical analysis
involving sedumentation. diffusion. light scattering, and viscosity
measurements. These techniques indicate that DNA is a very asymmetrical
structure approximately 20 A wide and many thousands of angstroms long.
Estimatesofits molecular weighi currently center between 5x10" and
107 (approximately 3x10° nucleotides). Surprisingly each of these
measurements tend to suggesi that the DN is relatively rigid, a
puzzling finding in iew of e large number of single honds
(5 pernucleotide) inthe phosphate-sugar back bone. Recently these
indirectinferences have beenconfirmed by electron microscopy.

Reference: Watson, I, D, & Crick, F. I1. (1953, January), The structure of
DNA In Cold spring Harbor symposia on quantitative biclogy
(Vol. 18, pp. 123-131) old Spring Harbor Laboratory Press.

{A) Purines present in DN A are;
(a)adenine and thymine
(b) guanine and thymine
(¢)cytosine and thymine
(d) adenine and guanine
(B) DNA molecule has ____ internucleotide linkage and Purines

sequence of the different nucleotides
(a}regular, regular

(b} regular, irregular

(e} rregular. regular

{d) irregular, irregular
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(C) DNAhasa hackhone,
{a) phosphate -purine
(b} pynimidines- sugar
{¢) phosphate- sugar
(d) purine- pyrimidine
(D) Oul of the four ditferent kinds of nitrogenous bases which are commonly
found nDNA, hus been replaced in some organisms.
{a) adenine
(b} puanine
(¢} cyiosine
{(d) thymine

| ANSWERS |

MULTIPLE CHOICE QUESTIONS

L (b)2.(b)3.(a) 4 (c) 5. (a) 6. (c) 7. (c} 8. (b) 9. (b} 10. {a) 11. (¢} 12. (c) 13. (c) 14.
() 15.(b)16.(d) 17. (b} 18.(b) 19.(d) 20.(¢)

FILLIN THE BLANKS

1, Amylose 2.n-Hexane 3. o-D-glucose 4. Adenine and guanine

5. Peptide linkage. 6. VitaminB,; 7. Uracil & Vitamin K. 9. Gluconic acid

10, Glycogen.

ASSERTION REASONTYPE QUESTIONS

L(e) 2. () 3. () 4 (a) 5 () 6 (a) 7. (b) 8. () 9. (b) 10. (d)
ONE WORD ANSWERTYPE QUESTIONS

1. Vitamin B 2. VitaminC 3. Cellulose 4. Lactose 3. Starch 6, Polysaccharides

7. Reducing sugars 8.vitaminA 9, Nucleoside. nucleotide 10, Anomers

CASESTUDY BASED QUESTIONS

Afc) Bub) Cid) D.ib)
A(b) B.c) C.(b) D.ic)
A(b) B.ab) Cd) D.e)
A(d) B.(b) C.e) D.(d Lib)
A{d) B.(b) C.te) D.lg)

MhoB L b =
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UNIT TEST-1
Fiomolecules
Maxinmum Marks : 20 TimeAllowed : 1 Hours
I.  Name polysaccharide which is stored in the liver of animals. (1)
2. Name the enantiomer of D-glucose, 1
3. Whyissucrose called mvert sugar? (1)
4. Name the building blocks of proteins. (1)
5. Grive the structure of simplest optically active arnino acid. (1)
6.  What are anomers? Give the structures of two anomers of glucose.  (2)
7. Wote the products obtained by hdvdrolysis of 2)
(i) maltose (ii) cellulose
g What are vitamins? Give two examples of water soluble vitamin, ()
9.  What doyouunderstand by following: (3}

{1} denaturationofprotein
{ii) reducing sugar
10. Differentiate between the following (3)
{i} secondaryand tertiary structure of protein.
{ii) n-helix and B-pleated sheet structure of protein.
{iii) nucleoside and nucleotide
[1. (iyMName four bases present in DNA. {3)
{ii) Which of them is not present in RNA?
(iii) Name the linkage responsible for stability of strands of DNA.
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UNIT TEST-2

Biomolecules

Maximom Marks : 20 Time Allowed : 1 Hours

@y o o

10.

11.

Name the following: (1)
(i) Nimogenous base presentin BNA but not in DNA.
{i1) Optically nactive amino acid

Explain- Amino acids shows amphoteric behaviour, (1)
Mention two examplas of disachharides. (1)
The linkage responsible for stability of primary structure of protein is (L)

Name the diseases associated with the deficiency of vitemn A snd vitamin B ;. (1)
Write any three reactions which cannot be explained by linear struciure of

D-glucose. Write cyelio structure of glucose. (2)
Discuss the tertiary and gquaternary structure of proteins. Name the
mtermolecular lorces responsible forstability of these struclures, 2}
Explain- denaturation of proteins. Discuss its effect on the primary, secondary.
tertiary and gquaternary structures of proteins. (2)
Differentiate following pairs giving examples: (3)

(i} Reducingandnon-reducing sugars
{ii) Eszential and non-essential aming acids

{iii) Fibrous and globular proteins

Wrte the reactions of D-glucose with following: (%)
(i) HIA

(ii) Bromine water

{iii) Acetic anhydride

(Giversasons for followmg: i3)

(1) Amino acids are soluble invwaler,
(ii) Tryptophanisrequired in diet regularly but glutamie acid does not.
(111) DINA 15 more stable than RNA.
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SOLVED SAMPLE PAPER (2023-24)
CHEMISTRY THEORY CLASS XII

TIME: 3 HOURS Maximuom Marks: 70
General Instructions
(a)  There are 33 questions in this question paper with internal choice.
(b) SECTION A consists of 16 multiple-choice questions carrying 1 mark each
(c) SECTION B consists of 3 short answer questions carrving 2 marks each.
(d) SECTION C consists of 7 short answer questions carrying 3 marks each.
{e) SECTION D consists of 2 case- based questions canrving 4 marks each
(fi SECTIONE conststs of 3 long answer questions camrying 5 marks each
{z) All questions are compulsory.
(h)  Use of log tables and calculators 1s not allowed

SECTION-A

The following guestions are multiple -choice guestions wirh one correct answer. Each
question carries 1 mark There is no internal choice in this section

1.

!‘.J

Which of the following sclutions will have the highest conductivity at 298 K7

(a) 0.01 M HCI solution (b) 0.1 M HCI solution

(c) 0.01 M CH,COOH solution (d) 0.1 M CH3COOH solution
o

A -p _ il N2OH @—cH:ﬂH-E-—@

Idennfy A and B:

(a) A= l-phenvlethanal B = acetophenone

(b) A =DBenzophenone B = formaldehyde

(c) A=DBengzaldehyde B = Acetophenone

(d) A=Benzophenone . B = Acetophenone

The vitamins which can be stored 1 our body are:

(a) Vitamin A B, Dand E (b) VitaminA. C.Dand K
(¢) Vitamin A B, Cand D (d) Vitamin A D.Eand K

What 15 IUPAC name of the ketone A, which undergoes 1odo form reaction to give
CH; CH=C(CH,)COONa and yellow precipitate of CHI,?
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(a) 3-Methylpent-3-en-2one (b} 3-Methylbut-2-en-one
(c) 2.3-Dimethylethanone (d) 3-Methylpent-4-one
Which of the following 1s not correct?

(a) In haloarenes, the electron pairs on halogen atom are in conjugation with I1I-
electrons of the ring.

(b} The carbon-magnesium bond 1s covalent and non-polar in nature,

(c) Dunng SN1 reaction, the carbocation formed in the slow step being sp°
hwbnidizsed 1s planar.

(d) Out of CH,= CH-Cl and C,;H,CH,Cl. C,;H.CH,Cl 1s more reactrve towards
SN reaction

Match the properties with the elements of 3d series:

(1} lowest enthalpy of atomisation {p) Sc

(1t} shows maximum number of cxidation states {q) Mn

(111} transition metal that does not form coloured compounds {(riZn
()Tt

(@ (1) (). (1) (q). (u1) (p) ®) (1) (r). () (), (1) (p)

(e} (1) (p), (1) {q), (1) (r) (d) 1) (s). () (1), (1) (p)

Which of the following statement 1s true?

(a) molecularity of reaction can be zero or a fraction

(b) molecularity has no meaning for complex reactions.

(c) molecularity of a reaction 15 an experimental quantity

(d) reactions with the molecularity three are very rare but are fast.

In which of the following solvents, the C,H;NH, X" 1s soluble;

(a) ether (b) acetone

(c) water (d) bromine water

Which of the following observation 15 shown by 2 -phenyl ethanol with Lucas Re-

agent?

(a) Turbidity will be observed wrthin five mimutes

(b) No turbidity will be observed

() Turbidity will be observed immediately

(d) Turbidity will be observed at room temperature but will disappear after five
minutes.



10. If the initial concentration of substance A 13 1.5 M and after 120 seconds the con-
centration of substance A 1s 0.75 M. the rate constant for the reaction if it follows
zero - order kinetics 15
(a) 0.00625 molL-1s! (b) 0.00625 s
(c) 0.00578 molL-tsl (d) 0.00578 s

11. Amssole undergoes bromination with bromine 1 ethanoic acid even in the absence
of tron (1IT) bromude catalyst
(a) Due to the activation of benzene ring by the methoxy group.
(b} Due to the de-activation of benzene ning by the methoxy group.
() Due to the increase in electron density at ortho and para positions
(d) Due to the formation of stable carbocation .

12, The trend of which property 1s represented by the following graph?

1189

418

-l?g

| -
lﬁg

157%
&

J1a

413

i 1 i i i ' i i 12
Sc TIl V Cr Mn Fe Co NI Cu Zn

(a) 1onization enthalpy (b) atomic radu
(c) enthalpy of atomization (d) melting point 3
For Visually Challenged Learners
12. Which of the following 15 not considered a transition element?
(a) Scandmm (b) Silver
(c) Vanadmm (d) Zinc
13. Given below are two statements labelled as Assertion (A) and Reason (R)
Assertion (A): Alcohols react both as nucleophiles and electrophiles.

Reason (R): The bond between C—O 15 broken when alcohols react as nucleo-
philes. Select the most appropriate answer from the options given below:

(a) Both A and R are true and R 1s the correct explanation of A
(b} Both A and R are true but R is not the correct explanation of A
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(c) Aistrue but R 1s false.
(d) Aisfalse but R 15 true.
Given below are two statements labelled as Assertion (A) and Reason (R)

Assertion (A): Strong oxidising agents oxidise toluene and its denivatives to ben-
zoic acids.

Reason (R): It 1s possible to stop the oxtdation of toluene at the aldehyde stage
with sustable reagents.

Select the most appropriate answer from the options oiven below:

(a) Both A and R are true and R 15 the correct explanation of 4

(b) Both A and R are true but R 15 not the correct explanation of A,

(g) A istrue but R 1s false.

(d) AisfalsebutR is true.

Given below are two statements labelled as Assertion (A) and Reason (R)

Assertion : Enzymes are very specific for a particular reaction and for a particular
subzirate.

Reason ;: Enzymes are biocatalysts.

Select the most appropriate answer from the options given below:

(a) BothA and R are true and R 15 the correct explanation of A

(b) Both A and R are true but K 15 not the correct explanation of A

(c) Aistrue but R s false

(d) Aisfalse but R s true.

Grven below are two statements labelled as Assertion (A) and Reason (R)

Assertion (A): Durning electrolysis of aqueous copper sulphate solution using cop-
per electrodes hyvdrogen gas 15 released at the cathode.

Reason (R): The electrode potential of Cu?™ /Cu is greater than that of HH,
Select the most appropnate answer from the options ziven below:

(a) Both A andR are true and R 15 the comrect explanation of A

(b} Both A and R are true but R s not the correct explanation of A.

(c) Aistrue but R is false.

(d) AisfalsebutR 1s true.



SECTIONB

This section contains 5 guestions with internal choice in one gquestion. The following
questions are very short answer nipe and carry 2 marks each.

17:

18.

19

The rate constant for a first order reaction 15 60 =—1. How much time will 1t take to

. . . |
reduce the inital concentration of the reactant to its Eth value? [log2 = 0.30, loz4

=10.60]

A 5% solution of Na,50* 10H,0 (MW = 322) is isotonic with 2% solution of non-
electrolytic. non volatile substance X. Find out the molecular weight of 30

(@

(b}

. (a)

(b)

Arrange the 1someric dichlorobenzene in the increasing order of their bothing
point and melting points.
Explain why the electrophilic substitution reactions 1 haloarenes occur slowly
and require more drastic conditions as compared to those in benzene.
Out of p-tolualdehyde and p-nitrobenzaldehyde, which one 1s more reactive
towards nucleophilic addtion reactions, why?
Wiite the structure of the product formed when acetone reacts with 2.4 DNP
reagent .

OR

Convert the following:

(@
(b}

- (@)

(b)

Benzene to m-nitrobenzaldehvde
Bromobenzene to benzoic acid
DNA fingerprinting is used to determine paternity of an individual Which
property of DNA helps in the procedure?
What structural change will occur when a native protein 1s subjected to change
i pH?

SECTION C

This section contains 7 guestions with internal choice in one guestion. The following
guestions are short answer fipe and carry 3 marks each.

22 (a) Wiite the formula for the following coordination compound Bis(ethane-1,2-

(b)

(c)

diamine) dihvdrexidochromium(TIT) chlonde

Does ionization isomer for the following compound exast? Justify vour answer,
Hg[Co(SCN) 4]

Iz the central metal atom in coordmnation complexes a Lewis acid or a Lewis

base? Explain
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(a) Canwe construct an electrochemical cell with two half-cells composed of ZnSQ
solution and zinc electrodes? Explain vour answer.

(b)Y Calculate the }.”m for Cl- 1on from the data given below:
A0mMgCl, = 258.6 Scm™mol™ and 29 Mg?* = 106 Scm’mol™

() The cell constant of a conductivity cell 150,146 cm-1. What 1s the conductivity
of 0.01 M solution of an electrolyte at 298 K, if the resistance of the cell 15
1000 chm?

Wiite the name of the reaction, structure and TUPAC name of the product formed
when-

(a) phenecl reacts with CHCI3 n the presence of NaOH followed by hvdrolvais.
(b) CH,CH,CH(CH,)CH(CH,)ONa reacts with C,H.Br

. You are given four organic compounds “A”. “B™., “C” and “D7. The compounds

“A” “BTand “C” form an orange- red precipitate with 2 4 DNP reagent. Compounds
“A” and “B” reduce Tollen’s reagent while compounds “C™ and D™ do not. Both
“B” and “C” give a yellow precipitate when heated with 1odine in the presence of
NaOH. Compound "D gives brisk effervescence with sodium bicarbonate solution:
Identify “A™”, “B”, “C” and “D” given the number of carbon atoms in three of these
carbon compounds 1s three while one has two carbon atoms. Give an explanation
for v our answer.

When sucrose 13 hydrolysed the optical rotation values are measured using a pola-
rimeter and are grven in the followmng table:

SNo. Time (hours) Specific Rotation
I 4] + 66.57
2 w —35.5°

{a) Account for the two specific rotation values.

(b) What 15 the specific name given to sucrose based on the above observation

(c) One of the products formed duning the hydrolysis of sucrose 13 a glucose, that
reacts with hydroxylamine to give compound A Identify compound A

An organic compound A with the molecular formula (+) C,H Br undergoes hy-

drolysis to form (+) C,H,OH. Give the structure of A and write the mechanism of

the reaction.

. The rate constants of a reaction at 200K and 300K are 0.0257! and 0.20s71

respectively. Calculate the value of Ea (Given 2.303R = 15.15 TK~! mol™1)



SECTIOND

The following questions are case -based questions. Each question has an internal choice
and carries 4 (1+1+2) marks each Read the passage carvefully and answer the questions
that follow.

25

Cryvstal field splitting by various licands
Metal complexes show different colours due to d-d transitions. The complex ab-
sorbs light of specific wavelength to promote the electron from t,g to eg level The

colour of the complex 1s due to the transmitted light, which 1s complementary of the
colour absorbed.

The wave number of light absorbed by different complexes of Cr 1on are gven
below:

Complex Wavenumber of light Energy of light absorbed
absorbed (cm™) (kJ/mol)

[CrA T 13640 163

[CrBJ 17830 213

[CrC 21680 258

[CDJ> 26280 314

Answer the following questions:

(a)

(b)

30.

Out of the ligands “A”, “B”, “C” and “D”, which ligand causes maximum crystal
field sphtting? Why?

OR
Which of the two, “A™ or "I wall be a weak field ligand? Why?
Which of the complexes will be violet in colour? [CrA F- or [CrB,™ and why?
{(Grven: If 560 — 570 nm of light 15 absorbed, the colour of the complex observed 13
violet.)
If the lizands attached to Cr3+ ton in the complexes given in the table above are
water, cyanide 1on, chloride 10n. and ammonia (not 1 this order)
Identsfy the ligand, write the formula and TUPAC name of the following:
(D) [CrA - (i) [CrC T
We commonly use voltaic cell as conventent, portable sources of energv. Flash-

lights and radios are example of devices that are often powered by the zinc-carbon
drv cells or Lelanche cell. This voltaie cell has a zinc can as the anode, a graphite

rod in the centre, surrounded by a paste of manganese dioxade, ammonium and zinc
chioride black is the cathode. The volage of this drv cell 15 initially about 1.3V, but
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it decreases as current is drawn off. The voltage also deteriorates rapidly in cold
weather.

An alkaline dry cell 15 simular to the Lelanche cell but it has potassium hydroxide in
place of ammonium chlonide. This cell perform better under current drain and 1n
cold weather The half reaction are:

Anode: Zn(s) + 20H™ (aq) — ZnO(s) ~ H,O(l) + 2e~

Cathode: HgO(s) ~ H,O(l) - 2e-—— Hg(s) + 20H-

A drv cell innot truly ‘dry’, because the electrolyte in an agueons paste. Once a dry
cell 15 completely discharze, the cell 15 not easily reversed or reversed or recharged
and 15 normally discarded. Lead storage cell 1s rechargeable cell. The spongy lead

act as anode and lead dioxide as cathode. Aqueous sulphuric acid used as an elec-
trolyte. The half reactions dunng discharming of lead storage cells are:

Anode: Pb(s) + $O,*(ag) — PbSO,(s) + 2¢&~

Cathiode: PbO,(s) ~ 4H(aq) + SO,*(ag) — PbSO,(s) + 2H,0

The lead storage cell can be recharged by using an external electric current. [Chemical
demonstration vol 4 University of Wisconsin]

Answer the following guestions:

(a) Write the cathodic reaction during the discharging of Lelanche dry cell

(b} What 1s the net reacthion when the alkaline dry cell 15 in use and how does the
cell potential depends on the concentration of KOH?

(c) How many coulombs have been transferred from anode to cathode i order to
consume one moele of sulphuric acid during the discharging of lead storage cell?

OR

How much work can be extracted by using lead storage cell iof each cell delvers
about 2.0 V of voltage? [F = 96500 C mol~!]

SECTIONE
The following guestions are long answer type and carry 3 marks each. All gues-
tions have an internal choice
Attempt any five of the following:
(a) Which of the following ions will have a magnetic moment value of 1.73 BAL
Se; Tivr T8 e Znh
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(b}

(€)

(d)
(e}
(f)

(gl
(a)

)

(b)

(e

(a)

(a)

(b)

Inn order to protect iron from corrosion, which one will vou prefer as a sacnfi-
cial electrode, Wi or Zn? Why? (Given standard electrode potentials of N1 Fe
and Zh are — 025V, — 044V and — 0.76 V respectively)

The zecond 1omization enthalpies of chromium and manganese are 1592 and
1309 kT'mol respectively. Explain the lower value of M.

Gave two stmilarities 1 the properties of Scand Zn.

What 13 actinowd contraction? What causes actinowd contraction?

What 15 the oxidation state of chromum in chromate 1on and dichromate 1on7
Write the 1onic equation for reaction of KI with acidified ENmO .

What 1s the effect of temperature on the solubility of glucose 1 water?

Ibrahim collected a 10mL each of fresh water and ocean water. He observed
that one sample labeled “P™ froze at 0°C while the other “Q7 at —13°C. Tbrahim
forgot which of the two, “P™ or Q™ was ocean water. Help him identify which
contamner contains ocean water, giving rationahization for vour answer.
Calculate Van't Hoff factor for an aquecus solution of K ;[Fe(CN),] 1f the de-
gree of dissociation (o) 15 0.852. What wall be boiling point of this solution if
1ts concentration 15 1 molal? (K, =0.32 K kz/mol)

O
What type of deviation from Roult's Law 15 expected when phenol and aniline
are mixed with each other? What change 1n the net volume of the mixture 15
expected? Graphically represent the deviation.
The vapour pressure of pure water at a certamn temperature 15 23 30 mm Hg If
1 mole of a non-volatile non-electrolytic solute 1s dissolved in 100z water,
Calculate the resultant vapour pressure of the solution.

Write the structure of the mam products when aniline reacts with the following
reagents.

(1} Br, water (1) (CH;CO},0 pyndine

Arrange the following in the increasing order of basicity in the vapour phase
(1) C,H,NH,CH,NH, +CHCL + KOH (alc) —

(i) CH;CONH,+Br,~KOH —
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(a) Write the structure of A to D

Nﬂ Sn/HCI ithaND;HCl (OO H.0O &
{ii) Cu,(CN),
H,50, 475K

D
(b) Arrange in order of increasing bosling pomnt CH.CH,CH,NH,, CH,CH,NHCH,.
(CH:):N.
(c) (1) Prepare propylamune by Gabriel phthalimide synthesis
{11) What happens when benzene diazommum chloride 15 being heated with
C,H.0H?
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SANMPLY PAPER (2023 -24)
CHEMISTRY THEORY (043)
AARKING SCHEME
SECTION A

(b) 0.1 M HCI sohution, conductivity 15 ligher for strong electrolyte, conductivity
decreases with dilution

{c) A=Benzaldehyde , B=Acetophenone. This 15 an example of crossed Aldol con-
densation.

{d) Vitamin A D E and K These are fat scluble vitamins

{a) 3-Methylpent-3-en-2-one

(b) The carbon-magnesium bond 15 covalent and non-polar in nature

(a) @ (). @) (q). () (p)
Zinc has no unpaired electrons 1n 3d or 45 orbitals, so enthalpy of atormization 15
low

Mn=3d*4s* shows +2_ 3, =4, 5. 6 and~7 oxidation state , maximum number
mn 3d senes

(b) moleculanty has no meanmg for complex reactions.

(c) water

(b)) no turbidity will be observed, given compound 1s a primary alcohol

{a) 0.00623 molL"1s™ for zero order k=[Ro] [R] 't=15-075/120

{a) Due to the activation of benzene ning by the methoxy group.

(b} atomic radi

Sfor visually challenged learners

12
13.
14
15:
16.

17

(d) Zinc
{c) A1strue but B 15 false
(b) Both A and R are true but R 1s not the correct explanation of A
(b) Both A and R are true and R 1s not the correct explanation of A
(d) A isfalse but R 15 true.

Cu will deposit at cathode

SECTIONB

{a) k=605s"
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S I3 ¥ 03
pe IER] - ‘{;{?J log16
EI:R][
2.303 2.
t = L=t log2* = L *4log2
k 60
.
= 229 4%030=004606 s
18 =1L
iC,RT = C.RT
325 2
322 M
2%322
M=
M=429g

19. (a) m-dicholrobenzene < o-dicholrobenzene < p-dicholrobenze
symmetrical structure and close packing in para isomer
ortho has a stronger dipole dipole interaction as compared to meta

{b) the halogen atom because of 1ts I effect has some tendency to withdraw elec-
trons from the benzens nng. As a result, the ring gets somewhat deactivated as
compared to benzene and hence the electrophilic substitution reactions in
haloarenes occur slowly and require more drastic conditions as compared to
those in benzene.

20. (a) p-mtrobenzaldehvde 15 more reactive towards the nucleophilic addition reac-
tion than p-tolualdehyde as Nitro group is electron withdrawing 1n nature _ Pres-
ence of nitro group decrease electron density, hence facilitates the attack of
nucleophile . Presence of -CH, leads to +I effect as - CH, 1s electron releasing
group.

NO; NO:

(b) CHWCOCH: + NHNH. NH=C(CH1):
el
N N



or
HO HO
CO, HCI conc. HNOy,
(a) AICI; / CuCl conc. H:S0u
NG
MgBr COOH
| O0=C=0
(b)
o HOH
. (a) Replication

A sequence of bases on DNA 135 uniique for a2 person and 1s the genetic maternial
transferred to the indrvidual from the parent which helps 1n the determination of
paternity.
(b) During denaturation secondary and tertiary structures are destroved but the pri-
mary structure remams mtact.
SECTIONC

. (2) [Cr(en) (OH),]JCl or [Cr(H,NCH.CH,NH,),(OH).]C!

(b) No, ionization 1somers are possible by exchange of ligand with counter 1on only
and not by exchange of central metal 1on.

{c) The central atom 15 electron pair acceptor so 1t 153 Lewis acud.

() Yes, ifthe concentration of ZnS0O, in the two half cell 15 different, the electrode
potential will be different making the cell possible.

(b) A (MgCL) =2 (Mg™)+22°_ (CH)
238.6=106-+ E?L‘"E{Cl'}
2*_(CF) =763 Sce'mol™
(c) cell constant G*=k=xR
k=GR =0146/1000=146 = 107~ Scm™

. (a) Remmer Tiemann _{1/2)

OH

CHO
2-Hydroxybenzaldehyde



]
Ln

26.

Sample Paper | 333

(b) Williamson synthesis, CH.CH.CH(CH, )CH(CH,)O C H,
2- Ethoxy-2-methylpentane

. A, B and C contam carbonyl group as they give positive 2.4 DNP test

A and B are aldehydes as aldehvdes reduce Tollen’s reagent

C 15 a ketone_ as it contams carbonyl group but does not give positive Tollen’s test

C 15 a methyl ketone as 1t gives positive iodoform test

B 1z an aldehyde that grves positive sodoform test

D 1s a carboxylic acid

Since the number of carbons tn the compounds A B.C and D 15 three or two

B 1s CH,CHO as tus 15 only aldehyde which gives a postitve 1odoform test (1/2)

The remaining compounds A, C and D have three carbons

A is CH.CH,CHO, C is CH,COCH, and D is CH,CH.COOH (1/2 each)

(2) The reactant Sucrose 15 dextrorotatory. On hyvdrolysis it give glucose dextroro-
tatory and fructose which is leavoroatatory. The specific rotation of fructose 15
higher than glucose Sucrose i1s dextrorotatory but after hydrolysis gives dex-
trorotatory glucose and laevorotatory fructose. Since the laevorotation of fruc-
tose (—92.4%) 1s more than dextrorotation of glucose (+ 52.57), the muxture 15
lasvorotatory.

(b) Invert sugar, The hyvdrolysis of sucrose brings about a change n the sign of
rotatton, from dextro (<) to laevo (—) and the product 1s named as invert sugar.

(c) Glucose
CH=N—0OH

(CHOH),

CH.OH

. CH,—CH—CH,

I
Br
Mechanism:



H H
l Slow step 1 + B
HyC—C— CIHS ———— ®
HC” O CaHS
H H K
lﬂ + of o n¢_+_0H . Hﬂ—|—cm
~
HyC \\"I:EHJ CaHs CiHs
2 log| ) B [1 1]
= By 230R|T, T,
0.20 E, [ 1 1 }
log - = = ——
0.05 2303R|200 300
p
log10 = E*,[ 300 ]
19.15'.200 % 600
19.15 %200 %3500
. i 300
E, = 6383 Jimol
SECTION D

29 (a) D. Energy is directly proportional to the wave number. Maximum energy of
light 15 required for an electron to jump from t,_to eg 1n case of [GeD, [
OR -
(2) A. The sphitting caused 1n least in this case as the energy required for electron to
Jump from t,_to e_. 15 mimmum_
(b) [CrB . txa;'elm_gth of light absorbed 15 1/17830 = 560nm for the complex
while 1/13640 =733 nm for [CrA,]* complex
(c) (1) [CeCLJ". Hexachloridochromate (IIT) 1on (1 each)
(11) [Cr(NH, )", Hexaamminechromium(III) 1on
A=Cl.B=HO,C=NH,D=CN
30. (a) Cathode reaction when Lclanche dry cell is under discharging mode is
MnO,(s) = NH(aq) + & — MnO(OH)(s) - NH,
(b) Netreaction i3
Zn(s) ~ HgO(s) — ZnO(s) ~ Ha(s)
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Since there 15 no KOH appearing in the net reaction. cell potential iz mdepen-
dent of the concentration of KOH.

{c) o= = 30 7 (ag)——=Pb5O,(s) + 2&
PbO.(s) ~ 4H+ (aq) = SO, (ag) ~ 2¢- — PbSO,(s) ~ 2H,0(/)
PbO,(s) + 4H-+(aq) + SO,*(aq) + 26" — PbSO,(s) + 2H,O(])
2 mol e or (or 2F) have been transferred from anode to cathode to consume 2

mol of .80, therefore, one mole H_SO, requires one faraday of electrictty or
96500 coulombs.

L)

OR
w_ =—oFE"=-2%96500x 2.0
w__=—3860007

S0, 386000 I of work can be extracted using lead storage cell whenthecellismn
use.

SECTIONE
{a) Both Tr" and Cu™ have 1 unpaired electron, so the magnetic moment for both
will be 1.73 BM
(b) Zn. 1t has a more negative electrode potential so will corrode 1tself in place of ron

(c) Mn™ has 3d°4s! configuration and configuration of Cr 15 3d°, therefore, 1onisation
enthaply of Mn™ 15 lower than Cr™.

(d) Sc and Zn both form colourless compound and are diamagnetic.

(g) The decrease in the atomic and omc radu with increase in-atomic number of
actinmds due to poor shielding effect of 5felectron.

(f} In both chromate and dichromate 1on the oxadation state of Cr 15 +6.
(g) 10T = 2MnO,” + 16H — 2Mn®™ ~ 8H.0 = 51,

I, (a) Addition of glucose to water 15 an endothermic reaction According to Le

Chatelier’s principle, on increase in temperature, solubiltiy will increase.
(b) Q 1= ocean water, due to the presence of saltz 1t freezes at lower temperature
(depression in freezing point)
(c) K.[Fe(CN),] zives 4 ions in aqueous solution
1i=1+{n-1a
1=1+{4-1}=0.03852
1=3.538
AT, =iK m=3556%052%x1=185
T =10185"C
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{a) Negatrve Deviation 1s expected when phenol and aniline are mixed with each
other. The net volume of the mixture will decrease, AV < 0 due to stronger
mtermolecular interactions.

Relatrve lowering of vapour pressure = (23.80—-P)/23.80=0.018
2380-P=0428
P=2380-0428=2337 mm Hg
0

NH, NH—C=CH
33 @ w (i)

Br
) CHCH:NH: < (CTHCLE)NH < (CH(OCH; N
(€) () CHCH:CHNLLE + CHCL + KOH {ale) —2"M, CHCHCH:NC + KCT + H:0
(i) CHYCONH: + Bry + KOH — CHiNH; + KBr + K:COs + H:O
OR

NH,

(a) A= B



Br B
3w W (i)

Br
(b) CHYCH:NH: < (CHIWCHNH < (CHICH )N
(© () CHCHCH:NH: + CHCL + KOH (k) —=™ CH,CH:CH:NC + KO + HO
(i) CHYCONH; + Brz + KOH — CHiNH: + KBr + K:CO, + H:O
OR

NH,

(a) A O B
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UNSOLVED SAMPLE PAPER-1

Maximum Marks: 70 Time: 3 hours

General Instructions:

Read the following instructions carefully.

(a)
(b)
(c)
(d)
(=)

)

(H

(2)
(h)

There are 33 guestions in this question paper with internal choice.
SECTION A conststs of 16 multiple-choice questions carrying 1 mark each.
SECTION B consists of 5 very short answer questions carrying 2 marks each
SECTION C consists of 7 short answer questions carrving 3 marks each
SECTION D consists of 2 case-based questions carrying 4 marks each.
SECTION E conststs of 3 long answer questions carrying 5 marks each
All guestions are compulsory.
Use of log tables and calculators is not allowed.

SECTION A

The following questions are multiple-choice questions with one correct answer. 1.

Each questions carries 1 mark. There 15 no internal choice in this section.

L.

!:«.J

50 mL of an agueous solution of glucose C H O, (Melar mass: 180 g 'mol) contains
6.02 = 102 molecules. The concentration of the solution will be

(2) 0.1M () 02M

(c) 1.0M (d) 2.0M

If the standard electrode potential of an electrode is greater than zero then we can
infer that its?

(2) reduced form 15 more stable compared to hydrogen gas.

(b) oxidised form 1s more stable compared to hydrogen gas.

(c) reduced and coadised forms are equally stable

(d) reduced form 1s less stable than the hvdrogen gas.

Total number of unpaired electrons present in Co™™ (Atomic number of Co=27) 15
(@ 2 (&) 7

(e 4 (d) 5

Which 1= incorrect statement about interstitial compounds?

{a) They are chemically reactive

(b) They are very hard

{c) They retain metallic conductivity.

(d) They have high melting point



L
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The comrect TUPAC name of

CH,

CH, — CH—CH - CH,

OH
(a) tert-butyl alcohol (b) 2. 2-Dimethylpropanol
{c) 2-Methylbutan-2-ol {d) 3-Methvlbutan-3-ol
It a salt bridge 15 removed between the half cells the voltage:
{a) drops tozero {(b) does not change
{c) increase gradually {d) 1increase repdly

Half life period of a first order reaction 1s

{a) directly propostional to the initial concentration of the reactant.

(b) Independent of imtial concentration of reactions

(c) half of the rate constam

(d) None of these

The number of moles of KWnO, that will be needed to react with one mole of Fe*

1ons 11 acidic medmm 1s.

(a) 5 (c) 3
(b) 2 @ 1
The hyvdnzation of the complex [Ni(CN)_ J*- 15:
(a) Sp° (c) dsp’
(b) dsp’ (d) disp’
Which of the follwomng molecule 15 a chiral molecule?
{a) 2-Bromobutane (b) 1-Bromobutane
(c) 2-Bromopropane (d) 2-Bromopropan-2-ol
Which of the follwoing compound do not underge aldol condensation?
(a) CHCHO (b) CHCHO
(c) CH.COCH, (d) CHCH,CHO
. Which of the following 15 most stable diazonmum salt?
(2) CHNX (b) CHNX
(c) CH.CHNX (d) CHCHN, X

For questions number 13 to 16 two statements are given - one labelled Assertion (A)
and the other labelled Reason (R). Select the comrect answer to these questions from
the codes (a) (k) (c) and (d) as given below:



13.

14

e
LN

16.

17.

18,

19.

(a) Both assertion (A) and reason (R) are correct statements, and reason (R) 15 the
correct explanation of the assertion (A)

{a) Both assertion (A) and reason (R) are correct statements, but reason (R) 1s not
the correct explanation of the assertion (A)

(c) Assertion {A) 1s comrect, but reason (R) s incorrect statement

(d) Assertion (A) 15 incorrect, but reason (R) 15 correct statement.

Assertion (A): Botling points of alkyl halides decrease in the order
R-IR-Br>R-Cl>R-F

Feason{B): van der Walls forces decrease with increase in the size of halogen atom
Assertion (A): Low spin tetrahedral complexes are rarely observed.

Feason (B): The orbatal splitting energies are not sufficiently large to forcing paring

. Azzertion (A} Benzene and hexane form 1deal solution.

Reason (B): Both benzene and hexane are hydrocarbons:
Assertion (A): Increase in temperature increases rate of reaction

Reason(B): Mare reactant molecules have energy greater than threshold energyv.
SECTION-B

What happens when-
{1} Propene 15 treated with HBr in presence of organic peroxade
{11) Benzene 1s treated with CH.Cl in presence of AICl,

Complete the following reactions:

(ii) CH, —Br— Nal _ Acetme

Mention proper reasons for the followms

{a) Aniline does not undergo Friedal crafis reaction.

(b) Amuno group mn aniline 15 o-and p-directing towards all electrophilic substitu-

tion reaction but aniline on nitration give a substantial amount of m-nitroaniline.
or

Arrange the following:
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(a) Indecreasing order of pK_ value
CH,CH.NH,.C.H,NH, (C,H,), NHC,H,NHCH,
(b) Increasing order of boiling point:
C,H,OH. (CH,),NH. C.H NH,
20. Wrte A’ and "B’ in the oiven reactions sequences

(i) o HNCl CuCN A u0*

r Rkl Complete bydrohsiz

+»B

(1) CHHCHBr KCN A —=5-,3

21. Fora 5% solution of the (Molar mass =60 gmol™) calculate the osmotic pressure at
300K (R=0.0821 L K" mel™)

SECTIONC

This section contains 7 questions will internal choice 1n one question. The following
questions are short answer tvpe and canry 3 marks each
22 (a) Determune the unit of rate constant for first order reaction

(b) Show that ttme required for the completion of 99% the first order reaction 1z

twice the 20% of completion.
OR
(a) What are pseudo first order reaction? Give example
(b) Rate constant k varies with temperature T according to the equation:

logk=log A m
When a graph 15 plotted for log k vs 1/T, A straight line with a slope of 4250K 15
obtaned. Calculate E_for the reaction.
23. Write one chemical reaction to tllustrate the following:
(2) Wiliamson synthesis {b) Kolbe's Reaction
{c) Coupling Reaction
24. {a) Gwve the IUPAC name and electromic configuration of central metal atom in
terms of L5 and e, of K, [Mn{CN},].
(b) What is meant by ‘Chelate effect? Give an example.

. An antifreeze solution i1s prepared by dissolving 31 g of ethvlene ghyveol (Molar
mass=H2 g mol™?) 1 600 g of water. Calculate the freering point of the solution
(Grven K, for water=1.86 K kg mol™)

b
L



26

Account for the following:

(1) Copper (I) compounds are colourless whereas Cu(II) compounds are coloured.
(11) Zn, Cd and Hy are not considered as d-block elements.

(11} d-block elements exhibit vanable oxidation stats.

Write the products of glucose with

(i) Br,—H.O (if) HI (iif) HCN

. Using VBT. explain the following in relation to the paramagnetic complex

[Mn(CN),J- (Z for Mn=125)

(1) Type of hvbridization

(11) Mangnetic moment value

{111) Tvpe of complex - 1nmer, outer orbital complex
SECTIOND

. Read the given passage and answer the questions follow:

The d-block of the periodic table contans the elements of the group 3-12 and are
kniown as transition elements_In general_ the electromic configuration of these ele-
memnts 1s (n-1) d** ns'=. The d-orbutals of the penultimate energy level n their
atoms recerve electrons giving rise to the three rows of the transihion metals e, 3d,
4d and 5d sertes. However, Zn, Cd and Hg are not regarded as transition elements
Transitton elements exhibit certain charactenistic properties like vaniable oxidation
stats, complex formation, formation of coloured sons and alloys, catalytic activity,
etc. Transition metals are hard (except Zn. Cd and Hg) and have a high melting are
1. Why Zn, Cd and Hg are non-transition elements?

2. Which transition metal of 3d series does not show vanable oxidation states?
3. Why do transition metals and their compounds show catalvtic activity?

4. Why is Cu i1on coloured while Znion 15 colourless in aqueous solutions?

. Read the given passage and answer the questions number 1 to 6 that follow:

The substitution reaction of alkyl halide mainly occurs by 5.1 or 5,2 mechamism
Whatever mechamsm alkyl halides follow for the ubstitution reaction to occur, the
polarity of the carbon halogen bond 1s responsible for these substitution reactions.
The rate of S, 1 reactions are governed by the stability of carbocation whereas for
S,.2 reactions steric factor 1s the deciding factor. If the starting matenal 15 a chiral
compound, we may end up with an inverted product or racemuc muxture depending
upon the type of mechanism followed by alkyl halide. Cleavage of ethers with HI 1=
also govemed by steric factor and stability of carbocation, which indicates that

orgamic chemustry, these towo major factors help us in deciding the kind of product
formed.
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1. Predict the stereochenustry of the product formed if an optically active alkyl
halide undergoes substitution reaction by 5,1 mechanism.

Name the instrument used for measuring the angle by which the plane polansed
light 15 rotated.

Ih.:-

3. Predict the major product formed when 2-Bromopentane reacts with aleoholic
KOH

4. Give one use of CHL.
OR
Out of CH.-Cl and CH.-1, which 1s move reactive in 8 | reaction?
SECTIONE
(a) The standard Gibbs energy (A G®) for the following cell reaction 1s 300 kI mol?
Zn(s}~2Ag (ag) — Zn™ (ag) ~ 2Ag(s)
Calculate E°__ for the reaction. (Grven: 1 F =96500 mol™)
(b) Calculate 2°_ for MgCl. tf ©.° values for Mg™ 1on and CI” 1on are 106 § e’
mol™? and 76.3 8 cm mol™ respectively.
(c) In the plot of molar conductivity (A_) .JE ‘square root of concentration (C),

following curves are obtamned for two electrolytes X and Y-

Answer the following:
(1) Predict the nature of electrolvte X and Y

(11) What happens on extrapolation of A_ to concentration approachmg zero for

electrolvtes X and Y7
OR

(2) When a steady current of 2A was passed through two electrolyvtic cells A and B
contammg electrolytes ZnSO, and CuSO, connected in series, 2z of Cu were
deposited at the cathode of cell B. How long did the current flow?
What mass of Fn was deposited at cathode of cell A7
[Atomic mass: Cu=63.5 gmol™®, Zn=65g mol™; 1F 96500 C mol™]

{b) Explam the effect of dilution on the molar conduction of electrolytic solution.



32. (a) Describe the preparation of potassium dichromate from ton chromite ore.
(b) How does acidified KNinO, solution react with

() Fe'” (b) I (c) Oxalic acad
OR
(2) Write the equations mnvolved in the preparation of KMnO, from pysolusite ore
(MaO,)

(b) Account for the following
(1) Transmtion metal form complex compounds
(11) Cu 1on 15 unstable in agueouse solution
(111) Zn has lowest enthalpy of atomization.
3. {a) An orgamic compound ‘A’ having molecular formula C.H, O gives negative
Tollen's test, forms n-pentane on Clemmensen reduction but doesn™t mve 1odo-
form test. Identify “A’ and give all the reactions mvolved.

{b) Carrving out the following conversions.
(1) Propanoic acid to 2-Bromopropanoic acid
(11) Benzoyl chlornide to benzaldehyde
(c) How will vou distinguish between benzaldehvde and acetaldehyde?
OR
{a) Complete the following sequence of reactions?

CH.COCH, 3:!3[—[}1-1}!“ (A) A » (B)
NaOIl I,
(C) + (D)
(1) Identify (A) to (D)

(i1) Give the IUPAC name of (A).
(b) How can vou distinguish between:

{1} Ethanol and Propanone

(11) Benzoic acid and Phenol?



‘Sample Paper | 345

UNSOLVED SAMPLE PAPER-2

Alaximum Marks: 70 Time: 3 hours

General Instructions:

Read the following instrurctions carefully and strictly follow them:

fa) There are 33 questions in this guestions paper with internal choice.

(B} This guestion paper is divided tnto five Sections — A, B, C, D) and E.

¢} Section A— Consists of 10 muitiple choice (MCQ) type guestions, carrying
I mark each.

(d} Section BE— Consists of 3 very short answer (V54) hipe guestions, carrying
2 marks each.

{e) Section C — Consists of 7 short answer (SA) type questions, carrying
3 marks each.

(f) Section D—Consists of 2 case based (CB) hype questions carrying 4 marks
each.

(g} Section E — Consists of 3 long answer (LA) type questions carrying
3 marks each.

(h) All guestions are compulsory

i) Use of calcularors is not allowed,

SECTION A

The following questions are multiple choice questions with one correct answer.

Each question carry one mark. There 15 no internal choice is this section,

1

[

The colligative property used for the determunation of molar mass of poly-
mers and proteins 1s:

(a) Osmotic pressure

(b) Depression in freezing pomnt

{c) Relative lowering in vapour pressure

{d) Elevation s boiling pomnt

Low concentration of oxygen in the blood and tissues of people living at high
altitude 1s due to:

{(a) high atmospheric pressure

(b) low temperature

{(c) low atmospheric pressure



:-.-'I

10.

{d) both low temperature and high atmospheric pressure

The correct cell to represent the following reaction 1s:
In+2Ag" — 5 7n"" + 2Ag

(a) 2Ag |Ag || Zn | Zn™

(b) Ag™ |Ag | Zn™ | Zn

(c) Ag |Ag || Zn|Zn™

(d) Zn | Zn™ || Ag |Ag

AG and E°_, for a spontaneous reaction will be:

{a) positive, negative (b) negative, negative
{c) negative, positive (d) positrve, posttive
Which of the following 15 affected by catalyst?

{a) AH (b) AG

(c) E, (d) AS

The order of the reaction

Hyg)+CL (g) > 3 JHCI (g)1s:

(a) 2 (b) 1

(c) 0 (d) 3

The compounds [Co{S0,) (NH.).] Br and [Co(Br) (NH,).] 50, represent:
(a) optical 1somerism (b) linkage isomerism

{c) ionisation tsomerism (d) coordination isomerism

InthereactionR-OH+HCI _ &% . RCl+ H:_Cl, what the correct order of

reactivity of alcohol?

(a) 19 =2°<3° (b) 1°>3°=2°

(c) 19>223° (d) 3°>1°>2°

CH,CONH, on reaction with NaOH and Br, m alcoholic medium gives:
(a) CH.,COONa (d) CH,CH,

(c) CH,CH Br (d) CH,CH,NH,

Which of the following 1s least basic?
(a) (CH,),NH {b) NH,
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®{ N (@ (CH)N

The glycosidic linkage involved m linking the glucose units 1n amylase part
of starch 1s:

(a) C,—C, o linkage (b) C,—C, P linkage

(b) C,—C, o linkage (d) C,—C, p linkage
. An o-helix 15 a structural feature of:

{(a) Sucrose (b) Starch

{c) Polypeptides {d) Nucleotides

For Questions number 13 to 16, two statements are given—one labelled as As-
sertion (4) and the other labelled as Reason (R). Select the correct answer to
these guestions from the codes (a), (B), (c) and (d) as given below.

15

14

[
L

16.

{a) Both Assertion (A) and Reason (R) are true and Reason (R) 15 the correct
explanation of the Assertion (A).

{b) Both Assertion (A) and Reason (R) are true, but Reason (R) 15 not the
correct explanation of the Assertion (A).

() Assertion (A) 1s true, but Reason (R) 1= false.

{(d) Ascertion (A) 1= false, but Reason (R) 13 true_

Assertion (4): — NH, group 1s o-and p-directing in electrophilic substitution
reactions.

Reason (R): Amline cannot undergo Friedel-Crafis reaction.

Assertion (4): Acetylation of amline gives a monosubstituted product.

Reason (R): Activating effect of — NHCOCH, group 1s more than that of
AmMine group.

- Assertion (4); The molecularity of the reaction H. +~ Br,—— 2HBr appears

tohe 2.

Reason (R): Two molecules of the reactants are involved in the given elemen-
tary reaction.

Assertion (4): Low spin tetrahedral complexes are rarely observed.

Reason (R): Crystal field splitting energy 15 less than pairing energy for tetra-
hedral complexes.

SECTION B



This section contains 5 gquestions with internal choice in one question. The
Sfelbwoing questions are very shrot answer the carry 2 mark each.

17. What 1z Henry's law? Give one application of it
18. On diluting two electrolytes 'A'and B’ the A of 'A’ increases 23 times while
that of 'B' mcreases by 1.3 times. Which of the two electrolytes s strong?
Justify your answer graphically.
OR

The electrical resistance of a column of 0.035 mol L NaOH solution of diam-
eter 1 cm and length 50 cm 15 3:35 % 1(F ohm. Calculate the conductivity.

19 Complete the following equations:
(a) 2MnO -+ 3NO-+6H —
(b) Cr,0.~+ 14H" + 6 ——
20 (a) CH.—CH—CH, P& yrar AN g
|
OH
(b) CHCHCH.CI + KOH _ =t .25 B ,ipo
Identify 'A’ and B’ in the above reactions.

21. ‘Account for the following:

(1) Phenol 15 a stronger acid than an alcohol.
(i1) The boiling point of alcchols decreases with increase branching of alloyl
chain.
SECTION C

This section contains 7 questions with tnternal choice in one guestion. The
Sollawing guestion are shot answer and carry 3 marks each.

22 (a) Differentiate between Ideal solution and Non-1deal solution.

(b} 30 g of urea 1s dissolved in 846 g of water. Calculate the vapour pressure
of water for this solution if vapour pressure of pure water at 798 K 15 23 8
mm Hg.
23, Write main product formed when -

{a) Methyl chloride is treated with Nal/Acetone.
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{b) 2, 4. 6-trinitrochlorobenzene 1s subjected to hydrolysis.
(c) n-Butyl chlonde is treated with alcoholic KOH
24 How do you convert the followmng:
(a) Phenolto picric acad
(b) Propanone to 2-Methylpropan-2-ol
{c) Phenol to anmizole
. Explam why:
(1) Carboxy] group in benzoic acid 15 meta directing.
(11) Sodium bisulphite 1s used for the punification of aldehvdes and ketones.
(111) Carboxylic acids do not give characteristic reactions of carbonyl group.

26. Anorganic compound 'A', having the molecular formula CH,O on treatment with Cu
at 373 K. oives B'. B' does not reduce Fehling's solution but grves a vellow precipitate
of the compound "C" with 12 NaOH. Deduce the structures of A, Band C

27. (a) What are the hydrolysis products of (1) Lactose, (11) Maltose?

(b) Mention the basic structural difference between starch and cellulose.
28. Explain briefly:

(2) Carbylamine reaction

(b) Gabnal phthalimide reaction

{c) SwartReaction

]
Ln

SECTIOND

The following questions are case-based questions. Each questions has on internal

choice. Read the case carefully and answer the guestions that follow.

29. The rate of reaction 1s concerned with decrease 1n concentration of reactants or
increase in the concentration of prodocts per umt tume. It can be expressed as nstan-
taneous rate at a particular instant of time and average rate over a large interval of
time. Mathematical representation of rate of reaction 15 given by rate law. Rate con-
stant and order of a reaction can be determuned from rate law or 1ts integrated rate
equation.

{1) What 1s average rate of reaction?
(11) Write two factors that affect the rate of reaction.
(111)(1) What happens to rate of reaction for zero order reaction?
(2) What 15 the unit of k for zero order reaction?
OR



(111}{1) For a reaction P+~ 2Q — Products
Rate = K[P]** (Q]*. What 1= the order of the reaction?
(2) Define pseudo first order reaction with an example.

30. In coordination compounds, metals show two types of linkages, primary and sec-
ondary. Primary valencies are 1omisable and are satisfied by, negatively charged 1ons.
Secondary valencies are non-ionisable and are satisfied by neutral or negative ions
having lone parr of electrons. Pnmary valencies are non-directional while second-
ary valencies decide the shape of the complexes.

(1) HPtCl, 2NH, does not react with AgNO, . what will be its formula?
(11) What 15 the secondary valency of [Co(en). |~
(111) (1) Write the formula of Iron(Ihexacvamdoferrate (II).

(2) Write the TUPAC name of [Co(NH, ), ]Cl..

OR

(111) Write the hvbnidization and magnetic behaviour of [Ni{CN =

[Atomic number: Ni= 28]

SECTIONE

The following questions are long answer fype and carry 5 marks each. All questions

have an internal choice.

31. (a) (1) State Kohlrausch's law of independent migration of 1ons. Wiite an expres-
sion for the limiting molar conductivity of acetic acid according to
Kohlrausch's law.

(11) Calculate the maximum work and log K_for the given reaction at 298 K-
MNi(s) + 2Ap+ (ag) —— MNi™ {ag) ~2Ag ().
Given: E° */Ni=-025V,E°,_, =+ 080V, 1F=96500C mol*

OR

(1) State Faraday's first law of electrolysiz. How much charge, in terms of Fara-
day, 1s required for the reduction of 1 mol Cu™ to Cu?

{11} Calculate emf of the following cell at 298 K for
Mz () | Mg® (0.1 M) || Cu** (0.01 M) | Cu (s)
[E°_ =+271V, IF=96500 C mol log 10=1]
32. Assign reason for each of the following:

(1} Manganese exhibits the highest oxidation state of —7 among the 3d™“series of
transition elements.
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{11} Transition metals and their compounds are generally found to be good catalysts
in chemical reactions
{111) Cr** 1s reducing in nature while with the same d-orbital**“configuration (d) Mn*™
1s an oxidising agent.
{1v) Zn has lowest enthalpy of atomization.
(v) Cu’ 15 unstable in an aqueous solution.
33. (a) (1) Carry out the following conversions:
(1) Ethanal to But-2-en-1-al
(2} Propanoic acid to 2-chloropropanoic acid
(1) An alkene with molecular formula C,H  on ozonolysis grves a mixture of
two compounds B’ and 'C". Compound B’ gives positive Fehling test and
also reacts with 10dine and NaOH solution. Compound 'C’ does not give
Fehling solution test but forms 1odoform. Identify the compounds 'A', B’
and 'C.
OR
{b) (1) Distinguish with a suitable chemical test:
(1) CH,COCH,CH, and CH,CH,CH,CHO
(2) Ethanal and Ethanoic acid
(1) Write the structure of oxime of acetone.

(iii) Identify Ato D.

CH;COOH __FCl5_, o _Hp/Pd-BaSOy _ p (ICHy/MgBr
TH?H:!G'
LiAlH,

D



