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UNIT -1 SOLUTIONS (7 Marks)

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

Key Concepts-

SOLUTION- A homogeneous mixture of two or more substances is known as solution.
TYPES OF SOLUTIONS: {Based on nature of solute and Sofvent)

Type of Solution Solute Solvent Common Examples

Gaseous Solutions Gas Gas Mixture of oxygen and nitrogen gases
Liguid (Gas Chlaraferm mixed with nitrogen gas
Solid Gas Camphor in nitrogen gas

Liguid Solutions Gas Liquid Oxygen dissolved in water
Liguid Ligquid Ethanol dissolved in water
Salid Liquid Glucose dissalved in water

Solid Solutions Gas Solid Solution of hydrogen in palladium
Liquid Salid Amalgam of mercury with sodium
Solid Solid Copper dissolved in gold

CONCENTRATION OF SOLUTIONS

>

In the formulae given below, A represents sofvent and B represents solute, also

M, = Malar mass of solvent Mz = Molar mass of solute, W, = Mass of solvent W5 = Mass of solute
V = Velume of solution, d = Density of solution, ns = No. of males of solvent, ns = No. of moles of solute

Mass percentage (w/w %):
mass of solute per 100 g of
solution.

Mass af solute

" Total mass of the solution

100

Wy

= T 2108
H_4 + H’E

| Parts per million [ppm): parts

of a companent present in per millio

n (108} parts of the solution.

Mole Fraction ( X)-
Ratio of the number of moles

Mole fraction of solvent
"

Muole fraction of salute
H

of one component (solute ar | Xa= — Xa= —H
solvent) to the total number ny g n,Thg
of moles of all the Xa+Xa=1

components.

Molarity /Molar fmole per | No.of molesof solute ", 7,
litre conc.(M)- " Volume of the solution(L)

number of moles of solute
dissolved in one litre of
solution.

“V(inl) MyxV(nL)

Molality or molal cone. (m) =
no. of moles of solute
dissolved in 1kg of solvent

Moles of solute

Mass of solvent in kg

HH
it
W, in ke)

¥, % 1000
- M, xW,(ing)

m

Relation between molarity

and density of solution
M= wwlhedx10

molar mass of solute

Molarity Vs. Molality

Molality is preferred over molarity as
molality does not change with
temperature change but molarity
changes due to change in volume with

temperature.

Dilution formula: If the solution
of some substance is diluted by
adding solvent from volume Vi to
volume Ve then  MiVyi=MaVa
M= molarity before dilution

Mz= melarity before dilution




Solubility of gases in liquid:

Effect of pressure on solubility : Henry's law - At constant temperature the solubility of gas in the
solution is directly proportional to the partial pressure of gas in the vapour phase.

Mathematical formulation- paXs or p= KuXa | Ky= Henry's constant )
2Ky value depends upon nature of gas, greater the Ky velue lower the solubility

APPLICATIONS: 1. 5oft drinks are sealed under high pressure to increase solubility of COa.

2. To avoid Bends, the tanks used by scuba divers are filled with air diluted with Helium®
{11.7% Helium, 56.2% Nitrogen and 32.1% Oxygen).

3.Anoxia- At high altitudes, low blood oxygen causes climbers to become weak and make them unable
ta think clearly.
Effect of temperature on Solubility: Solubility of gas in liguid decreases with increase in temperature.

e =g Solubility of axygen in water Is greater ot low temperature, hence aguatic animals feel more
comfortable in cold water rather than warm water,
# Vapour pressure: -The pressure exerted by the vapours in the equilibrium with liguid at 2 given
temperature is called vapour pressure. (V.P.a T)

# Raoult's law: - The partial vapour pressure of each volatile component in the solution is
directly proportional to its mole fraction in solution.
Paa Xa Pea Xz
Pa=Pa"XaPe™Xa
Total V.P. of solution , Pr= Pa+Pz (Daltons Law)

Ideal solutions Neon-ldeal solutions

Obeys Ranult's law over the entire range of Don't Obey Raoult’s law over the entire range of
compasition. compaosition.

e.g. Solution of n-hexane and n-heptane

A-A interaction = B-B int. = A-B interactions A-A & B-B interaction # A-B interactions
Prow= P2aXa+ Pe™Xs Prats: 2 PPaXet Ps™Xe

A H=0 A V=0 (Veg= Vi +V5) Dmix H2 0, Aru V20 (Vi = Vo +V5)

Can be separated by fractional distillation Can not be separated by fractional distillation.
Positive deviation MNegative deviation

Prow® PLX Fe%s AVu=tve, AHmn=tve Promic PouXet Pe™¥z. AVmMix=-ve,  AHma=-ve
A—Binteractionis weaker than A—Aand B—B | A—B interaction is stronger than

interactions. A—Aand B —B interaction
EXAMPLE-ethanol+water, acetone+ethanal Chloroform+acetone, water+HCl

Produce Minimum boiling Azeotrope Proaduce Maximum bolling Azeotrops
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> Azeotrope{Greek: boiling without change) Mixtures having same composition in liquid and vapour
phase, boil at a constant temperature and cannot be separated by fractional distillation

» Colligative properties: - The properties of solutions which depend only on the number of particles of
the solute (molecules or ions) dissolved in a definite amaount of the solvent and do not depend on the

nature of solute| Size, shape, charge etc.)

Relative lowering in

Elevation in boiling

Depression in freezing

Osmotic pressure

Xz=nz/nat+ng
[for a very dilute solution

T° =BP of pure solvent
AT=Kr m

Eoilingpointo’

T9r = FP of pure solvent
AT=Kim

vapour pressure point [ATw) point (AT1) (re)
pi-p ATs = To-Ts° AT= T2 -Ts e nRT
»° =z Ty =BP of Solution T¢= FF of Solution v
“A

C= Molar conc.
Unitof T Kelvin

K, X W, %1000 K, xW, %1000 |R=0.082
fa<<ny | jT.!: = Y G ;M';,. = T L atm K'*Maol*
Pa®P/Pa’=na/na 84 g 4 The external
P’ - p w Ay | Ke=molal elevation or pressur applied
= ﬁ y H—* EBULLIOSCOPIC Ki= molal depression or on fﬂm_m“' side
Py B 4 | constant. It is the CRYOSCOPIC constant. WHRIEN i
elevation in boiling Tinthedeprenionm | 2runh
. . i ovsmotic flow of
point of 1 molal Jreezing point of 1 molal solvent olecules
solution. solution. 2 called
OSMOTIC
PRESSURE.

Talm
E B
| 3 :
§ | :
]
Ty 5
N % = P
Temperature (Kj—- F 1';5'

Temperaturs | K] —s




OSMOSIS-The net spontaneous flow of the solvent molecules from the solvent to the solution or from
a less concentrated solution to 3 more concentrated solution through a semipermeable membrane
{spm) is called OSMOSIS.

Examples of SPM : Natural- cell membranes, animal bladders, parchment paper.
Synthetic (artificial) - cellulose acetate, cellophane, and Potassium Ferrocyanide Film.

REVERSE OSMOSIS-The process of movement of salvent through a semipermeable membrane from
the solution to the pure solvent by applying pressure more than osmotic pressure on the solution side

is called reverse osmosis, I —
Lpsasnite =TT
=
i 1 BT e
: Il i I.l'rmh T iﬂll Vﬁl-l-l-'-l': _ z
Application- desalination of seawater, residential drinking water a I . J_
PP v
; ; et +
purification B =

NOTE: The osmeotic pressure method advantages over other colligative properties.
The measurement of asmotic pressure is around the room temperature & gives large measurable
value for dilute solution.

| ISOTONIC SOLUTION ' HYPOTONIC SOLUTION HYPERTONIC SOLUTION
| Two solutions having same ' solutions having different Solution with higher osmatic
osmaotic pressure at a given gsmaotic pressure at a given pressure is called hypertonic
temperature are called temperature, the one with solution
isotonic selutions. lower osmotic pressure is
T T T | called hypotonic solution
HYPGTONIC SOLUTION ISOTONIC SOLUTION HYPERTONIC SOLUTION
(fower solutes outside | (equal solute concentratlon| (more selules culside
the cell) ocutside and inside the cell) the cell)

- -

Applications of osmosis :

Plant roots absorb water from soil due to asmosis. Concentration of cell sap inside the root hair cells is
higher than that of water present in the sail. Water enters the root cells due to endosmasis.

Red blood cells are isotonic with 0.5% w/v NaCl solution (normal saline) , RBCs burst when placed in
distilled water; it is due to endosmosis,

Use of salt and sugar in pickles and jams acts as preservatives. It prevents growth of bacteria and fungi
by osmasis.

Dead bodies swell under water due to endosmaosis.

When dried fruits , raisin and vegetables are placed in water, they slowly swell and return to the
original form. It is again due to the endosmosis of water into the fruits and vegetables.

Edema: Due to excess intake of salt by a persan, the tissues hecome puffy, it iscalled edema. It is due
to retention of water in the tissue owing to endosmosis.
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# The preservation of meat by salting and of fruits by adding sugar protects against bacterial action.
Through the process of osmaosis, a bacterium on salted meat or candid fruit loses water, shrivels and
dies,

# [MPORTANT PDINTS:

7 Antifreeze agent: ethylene glycol used in car radiators at hill stations (Depression in freezing point)

# De-icing agents: cammon salt (NaCl) or calcium chloride (CaCl2) is scattered on the roads to melt ice
in told countries (Depression in freszing point)

> Abnormal molar mass: ELECTROLYTIC SOLUTIONS: - When the molar mass of a2 substance (solute)
become higher or lower due to its association or dissociation in the solution it is called abnormal molar
mass.

> Van't Hoff factor: i = Narmal molar mass/Abnormal{ohserved)molar mass

} . observed values ef Colligative:Property
1=

calculated value of £.P.
Colligative property after abnormal molar masses: -

> Lowering of vapour pressure: - Xs = i P%a-Ps/P%s)
» Elevation in boiling point: - ATe=i Kem
¥ Depression in freezing point: - AT;= i Kym

> Osmotic pressure: - = iCRT

PROPERTY ASSOCIATION DISSOCIATION
Colligative property Value decreases Value Increases
Maolar mass Greater than theoretical value lesser
i=1 i<l izl
o (extent] P—1 s =1
=tlegree of dissociation = '1'"— n-l1
or assaciation no *

[n = no. of particles associated to (=g, ol pariies obtained

- - £ after dissociation)
give a single particle]

Examples 2 CH:COOH benzene — Na;S0:  2Na* + S0,
{CHsCOOH): (n=3)

(n=2 , dimerisation)

Molal elevation constant and enthalpy of Vapourisation




RX M, X(T})’

NzoH = Enthalpy of Kb - 1000 XA H vapourisation, Ma= molar
mass of solvent b

—

Molal depression constant and enthalpy of Fusion

. RX M X(T*
77 1000x A, H

bge H = Enthalpy of fusion




OF SOLUTIONS
Homegeneous

s Stshle

+ Particles size = 1
o Do motscatisr

light {Tyndall &ffect)
Do ol setile down

pe -
CHARACTERISTICS

El.lnl't—l: Sulutlunﬂ

v

SOLUTION

# homogeneows micture of fwo or more sulstonces,
The substance present in larger amaunt is called SCLVENT
und the substance present in smaller amownt is cafled SOLUTE

[ EXPRESSIONS OF CONCENTRATION ]

TYPES OF
SOLUTIONS

* Gammous solutions
+ Liquid splutions

= Solid solutions

v

.

L 2

v

v

1. MASS PERCENTAGE
(wiw %)

Minn, off sty

e 10
Maas f snlimion b

wni=

el =

2. VOLUME PERCENTAGE

fwfv %)
Vil o salute

Sl s B
Weluine af sehdion

uu| L=

PERCENTAGE (v %)
_ Mussf e is]

‘ 4. MASS BY VOLUME

wmamw J'

4. MOLARITY (M)

Moles of galube

Meg— "
Wehime al achudies (L

I

5. MOLALITY {msh

Malex of solute
Muse of unbvent (ko)

4

6, MOLE FRACTION (x]
Medzs of companent &

v

v

m.

Taitul real=s of all sompinmits
(Far 4 sababizn, ¥ i + Xaghvaem = 1)

| —

.

7. PARTS PER MILLION (pgm)

ppm

blass aof subite

Mass of solution

E. PAHTS PER BILLIOM (ppbd
- Maas of dolute
Mass of solutan

.

Colligative Properties Of Solutions

[
b

s Ghay Raoult's law st all

campasitions:
« A—A, B—B and A-8

Interectiong are similar
=0

« A, =0 AV,
+ Example:

= Himane + n=Hoptano

o

v

1. DEPRESSION IN
FREEZING POINT

.!IJTl = K;m

Ky = Cryassopi:
comatunt

o= Malality of
salutinn

POSITIVE DEVIATION

(&~ intoractions weakar)

s b :

1. RELATIVE LOWERING ( 2. ELEVATION IN

OF VAPOUR PRESSURE BOILING POINT
=P =
e =45 AT, = Kym
{Racult's Lew)

P = \aspaur prasuure =f K, = Ebuliioscoplc
fure stalviant conylant

Fio emrmrmmo m = Molality of

KAy = Molz fraction of g
salute 4 ke |

[ (DEAL SOLUTIONS

Vapour pressure T
Aailing point

« Forms minimum batling
azectrope

"uzrniﬂa Ethanol + Water

HEGATIVE DEVIATION

(A~B interactlond stronger)
+ Vapourpressurs L

Bailing peint T
Fuarens maeimum bolling

Freatraps

Example: Acetone + Chiorofem
-

v

.

=
A=
=

4. DEMOTIC PRESSURE

M=CcRT

Malzrity of salution
Gas ennstani

Absalute
tamperature (K}

Y

5. AFPLICATION
OF OSMOTIC PRESSURE

= Absorption of water by
plant. roots

= Swelling of ralsins

» |nsertion of [V fluids

» Warking of reverse
oamosls/desalinathan

NON-IDEAL SOLUTIONS

+ [do not obey Reoult's law
at all eompeesithores,
= A-B Intarsctions differ

from A~A or B8

s AHL, # 90 andfor

AV .0

AZEQTROPIC MIXTURES

= Mitures that boil at conetant
tempearaturs with constant
campositian,

*  Shiw ne changes n comgosition
on boiling.

= Separated by fracthona’
distillstion,

-

Solute lowers the ascaping tendency of aalvent malecules, causing changes in calligative
properties which depend only on the number of sohile particles and net an thelr nature.




SECTION -A (1 Mark)

Q1. K« value for Ar{g), CO:(g), HCHO (g) and CHs(g) are 40.39, 1.67, 1.83 x 10* and 0.413 respectively. Arrange
these gases in the arder of their increasingsolubllity.
a) HCHO < CHy < CO: < Ar b) HCHO < CO3 < CHa< Ar
t) Ar< COz< CHs < HCHO d) Ar < CHs = COz< HCHO
2. if a molecule AB undergoes dimerization in Benzene,; its van’t Hoff factor is found to be 0.60. The
degree of association of AB is

{a) 20% {b) 60% (c} 80% (d) 50%
Q3. Water- HCl mixture will

I. shows positive deviations Il forms minimum boiling azestrope

Il Shows negative deviations IV. forms maximum boiling azeotrope

a)landll bjland il ¢} land IV d) Il and IV

Q4.An unripe mango placed in a concentrated salt solution to prepare pickles shrinks because

{a) It gains water due to osmosis (b) It loses water due to reverse 0smosis

(¢} It gains water due to reverse osmaosis (d) It loses water due to osmosis
05, Which of the following salt will have same value of Van't Hoff's factor (1) as that of Ka[Fe (CN)s]

{3) Alz2(504)2 (b) NaCl {c) Al{NO3)s (d) Naz504

Q6. An azeotropic solution of two liquids has boiling point lower than either of them when solute
solvent interactions are:

a) Egual to solute solute and salvent solvent interactions

b) Stranger than solute solute and solvent solvent interactions
c)Weaker than solute- solute and solvent-solvent interactions
d|None of the above

Q7. The value of van't Hoff factor for ethanoic acid in benzene 1s

(a) 1.0 {b) 1.5 (c) 05 (d) 2
08, The system that forms maximum boiling azeotropes is:
{a) ethyl alcohol-water (b) benzene-toluene
(e} scetone-chioroform (d) carbon disulphide-acetone
Q9. Which has the lowest boiling pointat 1 atm pressure?
{a) 0.1 M KCl (B) 0.1 M Urea {c) 0.1 M CaCl: {d) 0.1 M AlC!s
Q10.The molal elevation constant depends upon
{a) Mature of salute. {b) Nature of the solvent.
(¢) Vapour pressure of the solution. (dl) Enthalpy change.

Ascertion 2nd Reason Questions
(a) Assertion and reason both are correct statements and reason is the correct explanation for assertion.
(b) Assertion and reason both are correct statements but the reason is not a correct explanation for
assertion.
(¢} Assertion is a correct statement but the reason is the wrong statement.
(d) Assertion is a wrong statement but the reason is a carrect statement
{11 .Assertion (A): Cooking time is reduced in pressure cooker.
Reason (R ): Boiling point of water inside the pressure cooker is elevated
(12 Assertion{A):Azectropic  mixtures cannot be separated by fractional distillation.
Reason(R):Azeotropes boil at a constant temperature and have the same compaosition in
liquid and vapour phase
(13.Assertion(A): the aguatic species mare comfortable in cold water in comparison to warm water
Reason(R): the solubility of oxygen in water decreases with decrease in temperature.

8



Q14.Assertion{A) : mercuric iodide is added to an aqueous solution of K, the freezing point is raised

Reason(R): the formation of complex Kz[Hgld], number of particles in the solution decreases

(115. Assertion [A): In an ideal solution, Ay H s zero.

Reason (R): In an ideal solution, A-B interactions are lower than A-A and B-B interactions.
l1 |z 3|4 |55 |6 7|8 |9 |w|11]12|]183|]18]15
| € C b D A C C | C B B & A C A C
L . I 1l ] T | L | il

Q1. What type of devigtion is shown by ethanol and acetone mixture? Give reason. What type of
areotropic mixture is formed by that deviation?

Hint : Positive deviation, minimum boiling azeotrope.
(2. a) How the csmotic pressure of 5 % aqueous solution of glucasa (my) is related to that of 5 %
aqueous solution of Urea (ma)?
b) Why do salt water fish die when they are suddenly transferred to a fresh water aquarium?
Hint ; a) m< w2
b) Water from agquarium enters in cell causing them to expand and get ruptured
{13.Explain why on addition of 1 mol of NaCl to 1L of water ,the boiling point of water increases ,while
the addition of 1 mol of methyl alcohol to one litre of water decreases its boiling point
Hint :NoCl is nonvolatile while methyl aicohol is more volotile than woter.
Q4.(i) On midang liguid X and liguid ¥, volume of the resulting solution decreases. What type of deviation
from Raoult’s law is shown by the resulting selution? What change in temperature would you observe
after mixing liguids X and ¥?2
(i} What happens when we place the blood call in water (hypotonic solution)? Give reason.
Hint: i) The solution will show negative deviation from Rooult’s low. Temperature will rise.
(i} Due to endosmosis water enters into the cell .

5. a) Rams father is suffering from high blood pressure , he is advised to consume less
guantity of common sait. Why?
b) Two solutions A and B are separated by semi-permeable membrane. If the liquid flows
from A to B then which solution is more concentrated?
Hint :a) More salft use will increase ions in the body fluid which increases blood pressure
b)B
SECTION- C [ 3 Marks)

Q1.Calculate the boiling paint of solution when 2 g of Na250: (M = 142 g mol™) was dissolved in 50 g

of water, assuming Na:50s undergoes complete ionisation.(Kb for water = 0.52 K kg mol™)
Hint: =3, T:=T+ATa & XK, % W, > 1000
AT =
b
M, X W,

Q2.a) Compare and contrast the properties of ideal and non-ideal solutions.
b) 30 g of urea is dissolved in B46 g of water ,calculate the vapour pressure of water for this solution if
vapour pressure of pure water at 298K is 23.8 mm Hg.
Hint; b} Apply formula
(Po-Ps)/Po=Xa (Relative lawering in vapour pressure)
P.=23.55 mmHg
3. A 0.01m agqueous solution of AlCIs freezes at -0.068°C.calculate the percentage of
dissociation.{given Ks for water =1.86K kg/mol).
Hint: AT= i Kym, a={i1)/n-1(n=4), i=3.65 a=0.8833
Q4. a) Why do Scuba divers use Oxygen cylinders diluted with He .Explain
g



b) Which cold drink you prefer one chilled or other one at room temperature and why?
c)At the same temperature hydrogen is mare soluble in water than Helium. Which of them will have
higher value of KH and why?
Hint: refer summary page-2
05.a) Why the colligative property of an electrolyte solution is always greater than that of non-
electrolyte solution?
b)Which type of deviation is shown by Carbon tetra chlaride and chloraform mixture?
¢)What is the unit of eulliascopic constant?
Hint:a) No of ions increases in case of electrolyte.

b) Positive deviation. ¢} K Kg/mol

SECTION D: Caze based Study Question{4 Marks)

01. Read the passage carefully and answer the questions that follow:

Certain membranes allow solvent molecules to pass through them but not solute molecules,
particularly not those of large molecular mass. Such a membrane is called semipermeable and might be
an animal bladder, a vegetable tissue, or a piece of cellophane.Osmosis is the phenomenon of solvent
flow through a semiparmeable membrane to equalize the solute concentrations on both sides of the
membrane. When two solutions of the same solvent are separated by a semipermeable membrane,
solvent molecules migrate through the membrane in both directions. However, the solvent migration
15 faster from the solution of low concentration to the solution of high concentration. The osmaotic
pressure is a colligative property of a solution equal to the pressure that, when applied to the solution,
just stops osmosis. The osmotic pressure, i, of a solution is related to the molar concentration of solute,
€
n=CRT
Here R is the gas constant and T is the absolute temperature.
(Source : General Chemistry by Ebbing)

Answer the following questions-

a. Name one artificial and one natural 5PM which can be used in the process of reverse osmaosis.

b. Which one of the following will have higher asmotic pressure in 1 M KO ar 1 M urea solution?

c. Calculate the osmaotic pressure at 20C of an aqueous solution contaiming 5.0 g of sucrose,

CizHz2014, in 100.0 mL of solution, (R=0.082 L atm K+ mol?)

Himts-

b) 1M KCl , electrolyte=dissociation , ¢) a=CRT = x 1000

02. Read the passage carefully and answer the questions that follow:

Arushi was performing an experiment in her school laboratory to determine the boiling point elevation
of a sugar solution, She prepared two solutions by dissolving 34.2 g of sucrose (CixH2:0n) in 5300 g of
water and 58.5 g of NaCl in another 500 g of water. She observed that the NaCl solution had a higher
boiling point than the sucrose solution. Her teacher explamed that this difference was due to the van't
Hoff factor and the number of particles inte which a solute dissociates in solution.

Sucrose is a non-slectrolyte and does not dissociate in water, while NaCl is an electrolyte and
dissociates into Na™ and Cl™ jons.

The elevation in boiling point is a colligative praperty and is given by: ATe=1 Kam

Sucrose is a2 non-electrolyte that dissolves in water without dissociating into fons. Based on this

understanding, determine the van't Hoff factor (i) for sucrose and explain your reasoning. | 1M)
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b) Why does the NaCl salution exhibit a higher boiling elevation compared to the sucrose solution,even

though both are dissolved in the same amount of water? [1M])
Calculate the moiality of sucrose solution, (2M)

Hint: a)i=1 b)NaCl s an electrolyte ¢) molality=0.2
SECTION-E (5 Marks )

Q1 .a) Describe the effect of temperature and pressure on solubility of solids and gases in liquids.
b When 2.56 g of sulphur was dissolved in 100 g of €55, the freezing paint lowered by 0.383
K. Calculate the farmula of sulphur (5x).
[K:for CS; = 3.83 K ke mal—1, Atomic mass of Sulphur =32 g moi™
Hint : b) ealeulate molar moss of associated molecule [5x),

KrEFF’ﬂil[}ﬂ{]

« TP molar massof Sx
AT, < W, = f

molar mass of §

(2. a) Blood cells are isotonic with 0.9 % sodium chloride solution. What happens if we place

blood cells in a solution containing
(i} 1.2% sodium chloride solution? {ii) 0.4% sodium chloride solution?

b} 2 g of benzoic acid (CsHsCOOH) dissolved in 25 g of benzene shows 3 depression in freezing point
equal to 1.62 K. Malal depression constant far benzene is 4.9 K kg mol™. What is the percentage
association of acid if it forms dimer in solution?

Hints- a) (i) cell shrink ;exosmaosis (i) cells swell, endosmasis

b) ATe=iKsm, calculatei
o (asso) = -]1-_—%— 3 n=0.992 or99.2 %

F-I

UNIT-2. ELECTROCHEMISTRY (9 MARKS

11



Redox reactions, EMF of a cell; standard electrode potential, Nermst eguation and its application to chemical cells,
Relation between Gibbs energy change and EMF of a call, conductance in electrolytic solutions, specific and molar
conductivity, variztions of conductivity with concentration, Kohlrausch's Law, electrolysis and law of electrolysis

| (elementary idea), dry cell-electrolytic cells and Galvanic cells, lead accumulator, fuel cells, corrosion..

Key Concepts-

Conductors: Materials that allow flow of electrons. These are of two types

Electronic or Metallic Conductors
1. Maovemaeant of alectrons m the
metallic lattice, 2.g., Cu, Ag, ete

2. Passage of current brings only physical
change.

3. No transfer of matter

4, Generally show increase in resistance

with increase in temperature.

Electrolytic or Solution conductors

1. Movement of ions in molten state or in aqueous
solution of electrolytes, e.g., NaCl (ag) or NaCl (fused).
2. Chemical and physical change bath.

3. Transfer of matter takes place.

4. Generally show decrease in resistance due to
decrease in viscosity of medium and degree of
hydration of ions.

ELECTROLYTES:

The:substance that in solution or in the molten state, conducts-electric current and is

simultaneously decomposed. Their extent of dissociation may vary.

Strong electrolytes: That is 100% decomposed in

normal solution.

eg.:All salts {except CdBrz, HeClz), mineral acids like HCl, H2581, HNOs, etc. and bases like NaOH, KOH,

Beic.

Weak electrolytes: which dissociate only to a small extent in aqueosus solution.
eg : All organic acids [except sulphonic acids), inorganic acids like HCN, H:BOs, etc. and bases like NHs,

amines; etc.
ELECTRODE :

To pass the current through an electrolytic conductor, two rods or plates are conducted with the

battery. Thase are called electrodes.

Active Electrodes: (Basically used in electroplating.)
Actively participate in the electrochemical reaction, either by donating or accepting ions.

eg.Zn, Cu,,Pb and Ag electrodes.

Inert Electrodes:(basically used in electrolysis, and electrolytic cells) do neot actively participate in the

reaction but fadilitate the transfer of electrans
eg :Pt, Au, graphite, rhodium etc.

Electrical Conductance

The property of the conductor (metallic as well as
electrolytic) which facilitates the flow of
electricity through it.

Conductance =1/ Resistance

Unit : mho™

Specific Conductance or Conductivity

I a conductor if length is 1 cm. And area is 1 cm?,
the resistance offered is known as resistivity R=p
The reciprocal of specific resistance or resistivity is
known as specific conductance or conductivity

(k)kappa.
1

H: —_—= ——
o iy 7

Where | fA 15 called cell constant
Unit of (x) is Siemen Cmt
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Molar Conductance

the conductance of all the ions produced by
ionization of 1 g-mole of an electrolyte when
present in V ml of solution. it is denoted by Am.
_ kx 1000

M

Unit : Siemen Cm?mol?

LLLY

Molar conductivity versus ¢* for acetic acid

[weak electrolyte) and potassium chloride

[strong electrolyte) in aqueous solutions

AHY —

e CH Conl]

z

o

o

]

= 200 =

-

\ et
-; t f
0 0.2 L]
P 11T A

Kohlrausch' law of independent migration of
ions:
Molar conductivity of an electrolyte, at infinite
dilution, can be expressed as the sum of
individual contributions from its individual jons.
If the limiting malar conductivity of the cations is
-"‘1 and that of the anions by —\E,
then the limiting molar conductivity of
electrolyte is:

A = oA el

denoted by

Where v+ and v- are the number of cations and
anions per formula of electrolyte

variation With increase | With decrease
in temp cone.

conductivity | Increases decreases

Malar increases increases

conductivity

conductarice | increases decreases

Applications of Kohlrausch’s Law -
1. Determining A° m of a weak electrolyte:
2. Degree of dissocition,

hcm

A'm
3. Determination of solubility of sparingly soluble
£aft:

d=

A'm = 1000k
cC
where, C is moelarity of solution and hence solubility
4. Determination of ionic product of water
APm (Hz0) =A% + Aou
[complete dissociation of water)

k

num -
C
Then. Kw=C2

lonic mobility ;For agueous solution, greater the charge or smaller the size of gaseous ion, greater will
be the size of aqueous jon. When such a big ion moves in solution, it experiences greater resistance by

the size of solvent particles. This results in a decrease in its conductance as well as ionic mobility.

Following are the increasing order of ionic mobilities of same ions:

Li'¢« Na'<K*<Rb'< Cs* ; F<Cl<Br <l

Al emglenat
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Weak electrolytes : These are not completely ionized in polar solvents like water and hence an
equilibrium between ions and unionised salt exists
AB+ =A" + B.
We can caleulate degree of dissociation| a) and equilibrium constant (K},using expression
K=ca?f(1-a), ifa<<lthenuse: K=ca’

Electrode Potential: A potential difference develops between the electrode and the electrolyte which is
called electrode potential. When the concentrations of all the species involved in a half-cell is unity then
the electrade potential is known as standard electrode potential. According to IUPAC convention,
standard reduction potentials are now called standard electrode potentials.

EMF of a cell: it iz the difference in the potential across left and right electrodes due to which electrons
How from anode to cathode.

Standard EMF: The EMF values of an electrode under standard conditions (1 atm, 298 K) and the unit
concentrations of its ions

E:E” = E:aﬂ‘h-da ~Enode OF E:uﬂ =E:igl‘rtriu:m:|dz _E:uﬂahﬂmch:

ELECTROCHEMICAL CELLS

ELECTROLYTIC CELLS DAMIEL CELLS GALVANIC CELLS

Devices in which electrolysis | A specific type of voltaic cell with | A broader term encompassing
(chemical reaction involving | a copper cathode and zinc anode, | any electrochemical cell that
oxidation and reduction) is | using copper sulfate and zinc | converts chemical energy to
carried out by using electricity or | sulfate solutions, respectively. Itis | electrical energy through 2
in which conversion of electrical | known for its reliable and | spontaneous redox reaction.
energy into chemical energy is | consistent voltage output.
done.

[non spaontanecus redox

reaction is carried out) Cell reprasentation : \
e e Vet low |
bt I_h Inet
W
i

t Ly

Mujnmw.w.mu Sidrian cipia g
Cell reaction : —— e Cell representation :

Zn/Zn"?{aq.) Il Cu™*{aq.)/Cu Cu/Cu* (aq.)llAg+{aq) /As

NaCl +#;0 :‘Na* + OH +H: +Ck

QUICK COMPARISION

ELECTROLYTIC CELLS DANIEL CELLS GALVANIC CELLS
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1. Redox reaction

2. Non spontaneous

3. E%ell is negative

4. Anode is +ve

5. Cathode is -ve

6. flow of electron anode to
cathode

Electrolysis, electroplating

Redox reaction Redox reaction
Spontaneous Spontaneous
ECcell is positive (+ve) E%ell is positive
Anode is -ve Anode is -ve
Cathode is +ve Cathode is +ve
Anode to cathode Anode to cathode
Cell Batteries

Faraday's law of electrolysis

First law: the amount of
substance deposited at electrode
is proportional to guantity of
charge passed through the

electrolyte.

=zit
z is-electrochemical equivalent
z_ M

nF

M.1.t
W= —————

nF

Second law :the masses of
different substances deposited at
the respective electrodes will be
in the ratio of their equivalent
masses,when same quantity of
current is passed.

W =Fx0,

When Q = 96500 coulomb

W becomes gm equivalent mass

Faraday’s first law and second law
can be combined

Q. QM Cu
W=7 -....,: —.-xE-.._x_=._.ﬁ_..
< < F F oz

=

Nernst Equation : (For calculating Eior emf)
For & general reaction; 8A + bB—>¢C +dD

I:E
Ec-t'E[:w 'Q le|| F‘IF L]] [;r

eg: For the cell, Ni /Ni*(aqg) Il Ag™{aq)/ Ag
The cell reaction is Nifs) + 2Ag {ag) = Ni*'(aqg) + 2Ag(s)
The Nernst equation can be written as

= e RT [Bi* )
B = Bey = 37 In AL T

Equilibrium Constant from Nernst Equation
o _ 2.808RT

Lol ) .

log K.

Electrochemical Cell and Gibbs Energy of the Reaction
AG® = —nFESy
Salt bridge completes the circuit, maintains electroneutrality and
also minimises liquid junction potential,
Reference Electrode To determine the cell potential of individual

half cell , reference electrode is required. The electrode cell potential
of reference electrodes are known.a and on coupling with ather
electrade, a voltaic cell is constituted.

Standard Hydrogen Electrode, SHE or NHE

Electrode :
Platinized

fati

nu
m

Electrolyte: 1M HCI

SHE half reaction Electrode potential
H,——2H" + 2" 00V (Anode)

ZH" + 26" ——H, 0.0 V (Cathode)
* PRODUCTS OF ELECTROLYSIS

Preferential Discharge Theory: EIe::tmh,rs:s of solutions containing more than two ions, the lon that
regquires the least energy (or has the highest reduction potential] to be discharged will be preferentially
discharged at the respective electrode,
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electrolyte elect | Cathodic reaction Anodic reaction Remarks if any
rode |
L Molten NaCl | Pt 2ZNa*+ 2e- 2Na 2010 Ch 4+ ?e- One cation and one
anian
2.Malten FhBr;._ Pt Phi+2e- Ph 2B~ Bry+ 2e- —~do-—
3.NaCl aq. AT pH7
[two campeting Ar cathode @ Na+ and water both can be reduced

reactions are possible | Pt 2H,0(1) + 26~ — Hy(g) + 20H E°=-1.0V
bath at cathode and

anade) Na* (1) + e — Nal) 2 = -2.71v
The products vary At anode : both water and chloride ion can be oxidised.
with concentration. EHQG La thg} + 4H* + de” F° =-142V

2CI" — Cl; + 26" E =~ 1.36Y

A.) Very dilute aq. NaCl solution
water with high reduction potential is reduced at cathode

At cathode: 2H;0 + 2™ — Ha(g) + 20H 2 = =10V

At anode: 2H,0 — Oalg) + 4H" + de" 2= +14V

In small conc. the electrolysis of water becomes more predeminant yielding oxygen at anode.
B. High Concentration of Sodium Chloride - Hydogen at cathode

At anode oxidation of water being mare positive is more feasible, so the evolution of oxygen gas
should happen at the anode. But, the evolution of oxygen from water has an overvoltage of -0.6V, making

the voltage for the oxidation of water as -1.4V.50, chlonide is, oxidised to chlorine at the anode.

BATTERIES :Consist of two ar more galvanic cells.these are of two types.

PRIMARY BATTERY
When the reactants have been converted to products, no more electricity is producad.the cell reaction
can not be reversed and cell becomes dead.
A. ) DRY CELL
Anode: Znfs) —s Zn*™ + 2e”
Cathode: ~ MnO,+ NH,'+ e— MnO(OH) + NH,

B. ) MERCURY CELL
Anode: ZnHg) + 20H —— Zn0(s) + HED + 2a”
Cathode: HgO + H,0 4+ 2e” —— Hg(l) + 20H"

overall reaction does not |, ;s representad b
involve any ion in solfution P 4
— ZnOfs) + Hg(l)

SECONDARY BATTERY :The cell reaction can be reversed by passing electricity through the
battery(charging).lt can be used again and again.
LEAD STORAGE BATTERY :
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Anode: Pb(s) + SO,“(aq) — PbSO,(s) + 2¢
Overall cell Cathode: PbO,(s) + SO f‘iaq] + 4H*(aq) + 2e” — PbSO, {s) + 2H,0 (1)
reaction- FD{S)+ FDULIS)H2H,5U@g) = 2PDSUL(S) + 20,04

FUEL CELLS :Electrical cells that are discharged

to convert the energy from the combustion of Anode Hi(g) + 20H (g) — 2HaO(l) +2¢~ x 2
fuels (hydrogen, carbon monoxide, methane, Cathode Oy(g) + 2H,O(1) + 42~ — 40H  (ag)
ete.) directly into the alectrical energy are called Net reaction 2Ha(g) + Os(g) = 2H0(1)

fuel ealls.

Hz-0: fuel cell was used in Apollo space program.

Corrosion of Iron (Rusting)

Rusting of iron which is the most commanly seen example happens when iren comes in contact with air
or water, The reaction could be seen as a typical electrochemical call reaction.

Oxidation: Fe {s}— Fe® (aq) +2e
Reduction: O, (g) + 4H'(ag) +4de” — 2H,0()

Atomospherie

oxidation : 2Fe*'(aq) + 2H,O0) + '20,(g — Fe,04s) + 4H'(aq)

PREVENTION OF RUSTING :

BARRIER PROTECTION:Paint acts as a coating to protect the metal surface from the electrochemical
charge that cames from corrosive compounds,

HOT-DIP GALVANIZATION :The iron in the steel reacts with the zinc to create a tightly bonded allay
coating which serves as protection.

CATHODIC /SACRIFICIAL PROTECTION :To prevent carrasion, the active sites on the metal surface are
converted to passive sites by providing electrons from another source, typically with galvanic anodes

attached on or near the surface. Metals used for angdes include aluminum, magnesium, or zinc,
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QUESTION BANK
SECTION- A (1 MARK)
0.1). An electrochemical cell can behave like an electrolytic cell when
(@) Ezan=0 (b) Ecaii > Ezur
(€} Ecen= Eent (d) Eoq > Ecan
(.2) The difference between the electrode potentials of two electrodes when no current is drawn
thraugh the cell is called

{a) Cell potentials {b) Cell emf

(c) Potential difference (d) Cell voltage

(.3) The most durable metal plating on iron to protect agamst corrosion is
(a) nickel plating (b) copper plating

(c) tin plating. {d) zinc plating

0.4) The electric charge for electrode decomposition of ane gram equivalent of substance is
(a) one ampere per second

(b} 36500 coulombs per second

(e} one ampere for one hour

(d) charge on one maole of electrons

Q.5) A"m{NH20OH) is equal to
{a) ASm{NH4OH) + am(NHsCl) - A°m(HCH)
(b) A%m{NHaCl) + A°=(NaOH) - a°m{NaCl)
(¢} APm(NHaCl) + A%n{NaCl) - A°m(NaOH)
(d) "®m(NaOH) + a%m(NaCl) - aA%{NH2Cl)

Q6. Which device converts chemical energy of a spontaneous redox reaction into electrical
energy?

(a) Galvanic cell {b) Electrolytic cell

(e} Damell cell {d) Bath (a) and (¢}

.7) Which of the following batteries cannot be reused?

{a) Lead storage battery {b) Ni-Cd call

{c) Mercury cell {d) Bath (b) and (¢)

Q.B) Specific conductance of 0.1 M HNO3 is 6.3%x10°% ohm ™ e 2. The molar conductance of the
solution is

(a) 100 ohm=2 em? (B) 515 ahm™ em?
(¢) 630 ohm™ cm? (d) 6300 ohm™ em?
.9] If salt bridge is removed from two half-cells the voltage

(a) drops to zero (b) does not change
(¢} increases gradually (d) increases rapidly

Q.10) For the galvanic cell Zn | Zn® (0.1M) || Cu®™ (1.0M)|Cu; the cell potential increase if:
(a) [Zn*] is increased
(b} [Cu™] is increased
{¢) [Cu?*] is decreasead
(d) surface ares of anode is increased

B.JASSERTION-REASON TYPE QUESTIONS:



In the following questions Q.11 to Q.15, each of these questions contain two statements, Assertion and
Reason, Each aof these guestions also has four alternative choices, only ane of which is the correct
answer. You have to select one of the codes {a), (b), () and (d) given below.
(a) Assertion is correct, reason is correct; reason is a correct explanation for assertion.
(b) Assertion is carrect, reason is correct; reason is not a correct explanation for assertion
(c] Assertion is correct, reason is incorrect
(d) Assertion is incorrect, reason is correct.
.11 Assertion : On increasing dilution, the specific conductance keep on increasing.
Reason : On increasing dilution, degree of ionisation of weak electrolyte increases and molality
of 1ons also increases.
(.12 Assertion: Assertion : Ecal should have a paositive value for the cell to function.
Reason: Ecathode < Eanode
.13 Assertion :Salts like KCI, KNOz i.e., inert electrolytes are used in salt bridge.
Reason: An inert electrolyte can easily be filled in the U-tube.
(.14) Assertion : Electrolysis of NaCl solution gives chlorine at anode instead of O..
Reason: Formation of oxygen at anode requires overvoltage.
(1.15) Assertion: The electrode potential of standard hydrogen electrode is zero,
Reason: There is no patential difference at the electrode — solution interface in this case.
ANSWERS
MULTIPLE CHOICE QUESTIONS

1.d 2.b | 3.d 4.d 5.
6.d N I 8.c 9.3 10.b |
ASSERTION REASON QUESTIONS '
11.d | 12.¢ |-13:c 14.a 15.a ]

SECTION -B [TWO MARKS)
Q.1)Why an dilution the An of CHzCOOH increases drastically, while that of CH2COONa increases
gradually?
Hint ; In the cose of CH:COOH, which is o weak electrolyte, the number of ions increose on dilution.In
the case of strong electrolyte such as CH:COONa, the number of ions remains the same but the

interionic attraction decreases.

0.2)Why does mercury cells give constant voltage?

Hint : Overall eell reaction does not include any ion in the solution whose concentration changes during

its lifetime.

Q.3)Consider a cell given below Cu |Cu®'| | CI | Cl3,Pt. Write the reactions that accur at anode and

cathode..

Hint : Cu is anode as it is getting oxidised. Cl; is cathode as it is getting reduced.

0.4)Why in a concentrated solution, a strong electrolyte shows deviations from Debye-Huckle-
Onsagar eguation?

Hint :Becouse interionic forces of attractions are large.

0.5)Electrolysis of KBr{aqg) gives Brz at anode but KF{ag] does not give F2. Give a reason.
Hint : Oxidation potential of Br, H;0, F~ ore in the following order. Br>H;0>F
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Therefore in the Aqueous Solution of KBr. Br—ions are oxidized to  Br:z in preference to Hz0.
On the other hand, in the agueaus solution of KF, H:0 is axidized in preference to F~. Thus in this
case exidation of H:0 at anode gives O: and no Fz s produced,
SECTION-C [THREE MARKS)
0.1)Calculate emf of the following cell at 298K,
Zn/In{107M) | | Cu?{102M)/Cu  (Given E%mpsszn =-0.76 V,E%u2+icu=+0.34V )
Hint : Cell reactian is as follaws,

Znfs)+ Cut+fag)—> Zn+{ag) + Cufs) ,Use Nernst equation and put values
n=2and T=298 K (Ans.E=j= +1.1591V )
0.2)What happens when a piece of copper is added to

a. An agqueous solution of Fe504 7 b. An aqueous solution of FeCls ¢
Hint : a.) No reaction as E'o™ jou (—0.34V) > Eo5 re (~0.44V)
b. Jcopper will dissolve in an ag. solution of FeCla o8 Ep e (+0.77V)>E% ¥ . (-0.34V)

Q.3)The malar conductivity of a 1.5 M solution of an electrolyte is found to be 1389 Sem ‘ot
Calculate the conductivity of this solution.
Hint : K = AmxC/1000=138.9x1.5/1000 = 0.20835 5 cm™*
O.4}How many grams of chlorine can be proeduced by the electrolysis of molten NaCl with a current of
1.02 A for 15 min?
Hint ; use formulo ;

w=mwtofClxixtlinsec

nxF
Ans:0.331 gm.

0.5) Whyis it necessary to platinize the electrodes of a conductivity cell before it is used for
conductance measurement?

Hint : platinization increases the surfoce aren of the electrode ond lead to better conduction
measurement.

SECTION =D CASE BASED/SITUATION BASED QUESTIONS (4Marks)
PASSAGE 1

Read the passage given below and answer the following gquestions:

"Replacing fossil fuels with sustainable, enviranmentally benign, and affordable energy sources and
tarriers is amongst the most pressing challenges for future socio-economic developmaent. To that goal,
hydrogen is presumed to be the most promising energy carrier.

Electrocatalytic water splitting, if driven by green electricity, would provide hydrogen with a minimal
CO: foatprint. The viahility of water electrolysis hinges an the availability of durable, earth-abundant
electrocatalyst materials and the
overall process efficiancy,

This review spans the fundamentals of electrocatalytically initiated water splitting to the latest scientific
findings from university and institutional research, also covering specifications and special features of
current industrial processes,

Recently developed strategies for the optimization and discovery of active and durable materials for
electrodes increasingly harness first-principles calculations and machine learning. Additionally, a
techno-aeconomit analysis of water electrolysis is included to assess the extent to which large-scale
implementation of water splitting can help combat climate change.”
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(Source: Adapted from "Water electrolysis: from textbook knowledge to the latest scientific
strategies and industrial developments,” Chemical Society Reviews, 2022, published by the Royal
Society of Chemistry.)
0.1)What is the primary goal of electracatalytic water splitting as described in the passage, and why is
hydrogen considered a promising energy carrier in this context?

Hint :To produce hydrogen with a minimal CO: footprint by using green electricity. Hydrogen is
considered a pramising energy carrier because it can replace fossil fuels.
Q.2)Why might the use of earth-abundant materials be critical for the large-scale implementation of
this technology ?
Hint :becouse they are more readily avoilable and cost-effective compared to rare or expensive
materials.
0.3)Water electrolysis system using Mickel Oxide as an electrocatalyst has an efficiency of 75%, If 1000
kWh of green electricity 15 supplied to the system, calculate the energy available for hydrogen
production?
Ans.Efficiency = 75% = 0.75
Energy Available = Input Energy x Efficiency
Energy Available = 1000 kWh = 0.75 = 750 kWh

OR

0.3)Calculate the total cost of operating three water electrolysis systems, each using a different
electracatalyst material, for 5,000 hours. Assume the cost of operation is $0.10 per kWh of energy, and
each systerm consumes 200 kW of power continuously?

Ans.Energy Used = Power Consumption x Operating Time
= 200 kW x 5,000 hours = 1,000,000 kWh
Operating Cost = Energy Used x Cost per kWh
Operating Cost = 1,000,000 kWh x 50.10/xWh
= 5100,000 {same for all, as cost depends on input energy.

PASSAGE 2
Read the passage given below and answer the following questions:
"Corrosion, the spontaneous deterioration of metals through chemiczl or electrochemical interaction
with their environment, poses a significant challenge to industrial and societal infrastructure. This

natural process often converts refined metals into more stable forms, such as oxides, hydroxides, or
sulfides, driven by thermodynamic favorahility.
Electrochemical corrosion, the most prevalent type, occurs in the presence of an electrolyte, where
anodic oxidation releases electrons from the metal, and cathodic reactions, such as oxygen reduction
or hydrogen evolution, consume them. The rate of the rate of corrosion depends on factors like the
nature of the metal, the presence of impurities, the electrolyte’s pH, temperature, and oxygen
availability.
Recent advances leverage computational tools, including first-principles calculations and machine
learning, to predict corrosion behavior and design corrosion-resistant materials. Pratective strategies,
such as coatings, cathodic protection, and inhibitors, are critical to mitigating corrosion, which costs the
global econamy approximately $2.5 trillion annually, underscaring the need for innavative solutions to
enhance durability and sustainability.”
(Source: Adapted from "Corrosion Science and Technology: Advances in Understanding and
Mitigation," Chemical Reviews, 2021, published by the American Chemical Society.)
0.1) What are the two primary types of reactions involved in electrachemical corrosion?
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Hint :anodic oxidation and cathodic reactions
Q.2) Name twa forms that metals can turn into during corrosion, as mentioned in the passage.
[Hint : oxides and hydroxides]
0.3)If you netice a car’s metal body rusting near the ocean. Based on the passage, what factor might
be speeding up the corrosion?
| OR

Q.3)steel bridge component has a corrosion rate of 0.8 mm/year, as nated in the sample database. If
the component is 10 mm thick and exposed to corrosion for 5 years without protection, calculate the
thickness lost and the remaining thickness.
Hint : Thickness Lost = Corrosion Rate x Exposure Time

Thickness Lost = 0.8 mmy/year x 5 years = 4.0 mm

Remaining thickness = 6.0 mm.

SECTION-E {5 MARKS)

Q.1ja)
Observe the figures A and B and answer the following questions
a) Inwhich figure the redox reaction is non-spontaneous?
b) In which cell EMF is positive?
c) Assuming the electrolyte in fig B is CuClz solution and
Pt electrodes, Predict the electrode reactions.

L e e o e e

Ll

b)A solution of magnesium sulfate (Mg504) has a conductivity of  0.00635 5 cm™ at 25°C when its
concentration is 0.01 M. Calculate  the molar conductivity. If the solution is diluted to 0.005 M and
the conductivity drops to 0.00350 S cm™', what is the new molar conductivity?

Hint: b )Am= (k= 1000) /¢
Am = (0.00635 S em™ x 1000) /0.01 mol L™= 635 § em? mol™!
Initial molar conductivity = 635 5 em* mol™
Molar Conductivity After Dilution
Am = (0.00350°5 cri™" = 1000} / 0.005 mol L™
=700 5 em?® mol™!
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UNIT-3: CHEMICAL KINETICS (7 Marks)

Aate 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-life {only for zero and first order 10 reactions), concept of collision theory
[Ele!?_'le_qtar-,r ideaf no mame_r_natlﬂal tream_aent], activation energy, Arrhenius equation.

Key Concepts
Rate of a Chemical Reaction: It is the change in coancentration of a reactant or product per unit time.

Units of rate of a reaction: mol Ls™
Expression for rate of reaction:
Considera reaction, R3>P

—AlR] _ Alr]
AL AT
[ Average Rate | Instantaneous Rate
| it is the change in concentration of | Rate of a chemical reaction at a particular moment of
reactants in a given interval of time. time, is known as instantaneous rate of reaction.
(Rl
il
T ¢
g -AIRI - (<)
E Al To = ."!U‘- =~ Ii[:__tlj
3 o ¥ dIRI
g =il =
i
E
g
=i
o
&)
L & ¢ Time ——>
Consider a given reaction : af+Bb —>cC+dD
_ 1AM _ 1 A[Bl_1 AIC] _1 A[D]
o a At b Ar € At d Mt
—1d[4] 1 d[B] _1d[C] 1 d[D]

.'i-_ — — —

st a gt b dt € dt d dt
Rate of disappearance of A= -A[A] /At , Rate of disappearance of B =- A[B] / At

Rate of appearance of C = +A[C]/ 4t Rate of appearance of D = +A[D]/ At
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Factors Affecting Rate of Reaction
Conceston T

« Mone parthches per unit virkime | » Increddes Kinetic energy |
| » Maore effactive collishoni = More molecules cross £

« Lowers activation endrgy
+ Speedi up reaction

« Hijghet gas contentration
« Nore frequent collicions

+ lonic or Covalent?

= Greatar surface exposire + Simple or Complex®

Rate Law Expression: it is a2 mathematical expression in which rate of reaction is expressed in terms of
melar concentration of reactants with each term raised to power, which may or may not be equal to
the stoichiometric coefficient of the reacting species in a balanced chemical equation.

> For a given reaction : A=>B

> Rate =k[A]* X=Order of reaction k= Rate constant
General unit of K=[Mal L] ** time

| Where time may be second, minutes or hours , days or years)

Order Unit Examples
0 [Mall ") See INH (53— s Ny(g) + 3Halg)
[ ar any ather umit of time |
E Sec. 2Ha0,(ag) — 2H,0() + 0205
(2 [ Mol -*L] Sec.t INO,(g) — 2NO() + Oaig)
S.N. ORDER MOLECULARITY
1 | Sum of powers to which conc. terms are | No. of molecules taking partin elementary
raised in rate law. reaction,
2. Can be zero or fractional. Can neither be zero or fractional or more than
3
3. Determined Experimentally Theoretical concept
4, Applicable to elementary as well as Applicable to only elementary reaction
complex reaction

The integrated rate equations

Zero order reaction First order reaction

e = Bl —[R]

2.303  [R]lo
r -

k=3 SRl

Where [R]q = initial concentration of reactant, [R] = the final concentration at time ‘t’,
t = time taken



# Integrated Rate Law & Important Graph plots for zero order and first order reaction-

(zero order reaction) (First order reaction) (First order reaction)
Integrated
ol 2303 [R]o
rate k= R —[R] k= log
equations . 2 [R] -
Line : [R] ket
El:[l.l&ﬁﬂﬂ R =—kt+ R 1II-‘I-IQ:I = =K + |n[R|” . A1) -
[R] [Rls e T2 = 230
Graph
]‘ =] "
I;; W= 1:.Irj|,:|- :T E
.§_ E 3 Hlipee = e 0008
g 8
B -
o Time —s a f — 0 Time —=
Plot [R] vs time In[R] vs time Log L0 s time
4]
Slope —k -k k/2303
Intercept [R]o In [R]a 0

Half life period: The half-life of a reaction is the time in which the concentration of 3 reactant is
reduced to one half of its initial concentration. It is represented as ty,.

- The half life period for a zero order reaction is directly proportional to the initial concentration
of the reactants and inversely proportional to the rate constant.

> For a first order reaction, half-life period i constant, i.e., it 5 independent of initial
concentration of the reacting species.

Graph plots for half life period of reaction-

Zero order reaction First order of reaction
Line equation [R]o ti/z-0za3/k
tip=——
2k
Graph
m L
2 s 112
= Slope = 1/2k
x
[Rle
Initial concentration
Plot between tyz vs [Rlo tiz2 vs [R]g ]
Slope 1 No slope (independent to initial
2k concentration of reactant)
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Pseudo first order reactions: Such reactions in which the molar concentration of reactant remain
unchanged and small change in concentration does not effect the rate of reaction are called Pseudo
first order reactions.
1. Inversion of cane sugar:
CizHz00u0  # H0 __H-
Cane sugar
Rate = k [CazHzz011]
2. Hydrolysis of ester:
CH:COOGHs + H,O _H* CH:00H + CsH:=0H
Rate = K [CHzCOOC:Hs]

CeHy 0
Glucose

+* CEHHDE
Fructose

# Activation Energy(Es) = The minimum amount of extra energy required by reactant molecules to
initiate a chemical reaction and transform into products.

¥ According to Kinetic theory of Molecular gases, the average kinetic energy of reacting gaseous

molecules is directly proportional to absolute temperature.
KE a T

As temperature increases, speed of reacting molecules increases. Thereby, the frequency of collisions
also increases and hernice rate of reaction increases,

# Experimental evidence shows that for every 10 degree rise in temperature, the rate of 3 reaction will
be doubled.

# It 'E" is the energy barrier, then the number of molecules that crosses over the energy barrier is more
at higher temperature than at low temperature.

* Activated complex [Transition State theory)!it is the reaction intermediate possessing energy that correspond
to top of energy barrier.

7 Threshold energy(E7):The minimum amount of energy which the reactant must possess in order to
convert into products is known as threshold energy.

ﬁ’iﬁ‘.’;ﬁf e Activatad complex
of ¢ : T
E Auctnvation E
H et 1 ® Eg
B v
&

BEl B

Ep

Hepciion coordinnte
—y

Reaction coordinatas

Arrhenius equation

A (The Freguency Factor); Also ——
called the pre-exponentlal factor. A
constant specific to a particular reaction,
related 1o the frequency of collisions,

Kk

k (Rate Canstant): The
quantitative measure of the
rate of a chemical reaction,
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—— En [Activation Energy): The

-Ea_
A-eRT

R (Gas Constant); 8314 J mol! K~

mimimurm ensrgy requlred fora
reaction to occur {measured In Jfmol).

T [Absolute Temperature):
Temperature in Kelvin.



NOTE: Increasing the temperature or decreasing the activation energy results in exponential
increase in rate constant (K)

# |Important formula to relate activation energy , temperature and rate constant-

ID ﬁ_‘_ Eu. {TJ 'TII]
g k, 2.303R| TT,

Where: k: and kz are the values of rate constants at temperatures T1 and Tz respectively
Es= Activation energy, R= Gas constant

*> Graph:-
B\ 1 Plot between In kvs 1/T,
Ink— (!E) T Ind- - - -
e S Straight line equation
o Ea
s Ink = — 4+ InA
e : nk=-—2
A "‘\x_ﬂ':ilnps = (%) '
E ‘l‘HH__h Ea
i slope = —— and intercept = In4
~ R
lllK'I

> Effect of Catalyst: A catalyst is a substance which alters the rate of 3 reaction without itself
undergoing any permanent chemical change.

# Catalyst help to increase the rate of chemical reaction. It carries the reaction through the path
of fower octivation energy.
Collision theory of Reaction Rate

An Initial Rate Expression from Collision Theory

For a bimolecular elementary reaction: A + 8 = Products

Rate = Z, * el"%/RT)
I

|
Zyy The collelon freguency of S The fractian of molecui=s with
repcianls & aird B enepgies egual 1o o greater than Eg (the
same Faclof rsm e Arffienius aquston ).

Importance of Molecular Orientation:
Not all collisions lead to product formation. They must have sufficient kinetic energy ( threshold
energy} and proper orientation to be effective.

m — T Mo reaction Improper orientation

DO — @0

More CO; farmation Proper orientation
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> Collision frequency: The number of callisions per second per unit volume of the reaction mixture

is known as collision frequency (Z).

> Effective collisions: To facilitate breaking of bonds between reacting species and formation of
new bonds to form products are called as effective collisions.

The Probability Factor ( Steric Factor) (P) :
# It accounts for the orientation of molecules.

Criteria for reaction: 1. Sufficient activation energy 2. Proper orientation.

Rate = P.Zxg.el-E8/RT)

Drawback: It considers malecules to be hard spheres.

| Fora typical first order gas phase reaction
Alg) —> B(g) + Cle)
The rate law will be

2,303 B

k = liagr
T *’tfip. )

here, pi 15 the initial pressure at time t =0 & P: s the total pressure at ime t

e.g.

The following data were given for thermal decomposition of 50:2C1; at a constant volume :
50zC1z (g) = 50z [g) + Clz (g)

Esp Tineess Total poatim

I ] 1.5

Calculate the rate constant of the reaction

Hint- P=0.5, Pe=0.6 use formula

. 2.303 B
k= log -
t (2m-R)
K=2.23x 107 s
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RATE OF REACTION Unit-3 RATE EXPRESSION ‘Ignarall

Pt CHEMICAL KINETICS | “"aa ias . an

Rate s oot _ 3
peer unit time. wip Study of the ate of chemical resctions and the factors affecting the ate " a dt b ot dt
. & 1. RATE OF A REACTION 2. FACTORS AFFECTING
v - RATE OF REACTION
A. AVERAGE RATE B. INSTANTANEOUS RATE = Nature of reactants
« Concentration of reactants
Average rite = — —ﬂi’:kl (or} ﬂ—i:l Instantaneous rate = - ﬂi‘“ (or) d'[;:] * Temperature
= Preserce of catalyst
[Owver a tims intarval At) (At a particular moment) : SR
Tangert al & point * Pressure (in case of gases)
& ;
g e « Light {in photochermical reactions)
Priociuct
E * Solvent
g * Presence of inhibitors / promoters
Tire z l
v
3. RATE LAW AND ORDER OF REACTION 4. DETERMINATION OF DRDER 5. INPORTANT POINTS
Rato taw gives tha relntionship batween rate and concentration « From Rate Lew (If mechanizm known) * Rate is independent of
Gl reaabnts. staichiometric coefficlents.
Rate = kia]™ [B]" —pe| @ Initial Rate Methed — A :
Fa ) T - b e Half:Life Methed = Order iz determined
ki = Male oot | = Crd Ovarall peder = fryem) ﬂF Il'mr-
Jenbrp g ¥ e, | | Tnt._&m:; s of pewarl * IR e 5 L * Overall order is the sum
trest epends e A ey ||1r-|| i ) + Differential Method (Grapbical) of powers.
& st of puscdannd | = Unit of k depends on
Ortder con be O, frectional or integral but not negetive. y _ y the order of meaction.
6. INTEGRATED RATE EQUATIONS
{i} FERD ORDER REACTION (i} FIRST ORDER REACTION {iil} SECOND DROER REACTION {iv! o' ORDER REACTION {n =01}
(A —= Produocta) (A —= Products} oy —s Prodocts) Hate = [fAJ"
Rate = k[A]" = k Hate = k[A] Rate = klA]* integrated form
Integrated form: Integrited formt Ietegratiod lomme [_Mli-n = [ﬁnln-ﬁ + (n - Dkt
[A], = [Aly - kt InfAl, = InfA], — ket =L B S
) Tk [Aly  LAlp Hisi-life:
Mttt (4], = [Alge il w1 )
by = o Halt-ife: g § _ tin = T
2k e = 22 i |87 RAT, e o
Unitof ke mol L "s~! Ot of e 5—° Uit stle La=tg=1 Unltofbg L® ! mal'—" st
Plat: [Alvst — Staight e piop infA] vet — Stmightins | Flat ﬁ st —= Straight line Plot: [A]'™® vs t — Straight line
sope = =k vlope = -k slope =& slope = [n— 1)k
7. INITIAL RATE METHOD 8. HALF-LIFE METHOD 9, TEMPERATURE DEPENDENCE 10. GATALYSIS
! Kot = Brodcts = T P (ARRHENIUS EQUATION) o DNyt
Kb mes prartant o linge svrdas sid d._mgt-mmhmmhnlrurm _.El. Wﬂng@dm
vary the congontration of athar. il oot ion. k=Ae RT m;::;;:ﬂ
Rate = k[A]™ [B]" Order | Hablifs (1) | b = Ratn conatant * Doos not change AL,
I B-\rmqnnn] inetinl rates: T ﬁ}g = & = Frequency factar (pre-aponentinl facto) wouillibelim constart ar
| T Taro E, = Activnbln sosny | the stpichiomalry.
[I:_P- AT i L) | N[rlltiL-IJI ._“._u 1y | n:;a ; “n LT R » Typei: )
: I : iy I i’I | Fg ) First = ri T = Absoluts temperatsir (1K) i mfmﬁmtzﬁ.w i:l;
(12 L S i. i e = == =1 | same phate}
Il & | by r, Secand | Two paint forme fii] Heteroganeou: catalysic
I_ A :1, by | T | kAl 111 k E 1 1 [Diffrrent phassi
: 7 = m(—“)- a-(___) o Sk iy
- Jot i n) ; iho | e =
g Cagf) {inepirg [B] enratant] ntine 1) —(“ AR k; R AT T, e 5 .
T L e p— ; o mﬂ;:'i:w-:fwi:y diue :
n o s 78] Use: :ﬂmm"md | Higher E, —» (ewsinr immperatirs seralihity. p -
1. MECHANISM OF A REACTION 12. COLLISION THEORY
| A corviglax renction oecums by a waries of alemankery sps + Besction oot by coliden of seactant malscules,
Pesctane ST mﬂlmlmmhﬁm:g £y - + For sfoctive collision:
i) Coliiding rmolecubes muul have msogy = £

{il} Propor oriontation most exst
» Rats o Mumber of affective colllstons

s Duerall orded i determined by the mie determining siep.

# The govwest step in colled the rate determining stop.
# Sum of atrps = vl mactinn.

1
lﬂeﬂﬂmﬂnﬂr ]

_t"a_ 'HE\'TME&WN' The rate of B ru.mlim'r dﬁpmd.t on Ih.q mn:emnbm, I'I.'II.I.I‘E of resclants, mmeﬂmm catalyst ard mh&r hn'uar:.
b sifhitebir otk | Understanding rate laws, order, and mechanlsma helps in coptrolling and predicting chemical reactions.
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QUESTION BANK
Section — A {1 Mark)
(.1: For the reaction 2P + O — P;Q. the order with respect to P and O is 2 and 0 respectively .what
will be the effect on the reaction rate if the concentration of reactant P is doubled and the
concentration of reactant Q is decreased by half?"

{a) increase 2 times (B) increase 4 times

{c) decrease 2 times {d} remain the same

{0.2: The wvalue of rate constant for a reaction is 3.96 x 103 Molllst. What is the order of the
reaction?

()1 (b) 3 lc) 2 |d)Zero

0.3 The role of a catalyst is to change :

{a) equilibrium constant  (b) AG {c) AH (d) Ez

(.4 "If the rate of the reaction 2 H;0; & 2 H,0 + O3 is r = k[H,0,], what is the reaction order?"
(a) second order (bifirst arder (c] third order {d) zero arder

Q.5 According to Arrhenius equation rate constant k is equal to A @ =/, Which of the following
options represents the graphofInkvs 1/T ?

(a) (b)
T / T ‘/
Is B M
T ' T
(c} (d)
1 1
In K In W
T ¥ T 2
Q.6 In the graph plotted between In [R] and t for a first order reaction, the intercept on y-axis is
(a) -k {b) [R] {c) In [R]z {d) k/2.303

0.7 A reaction fallows first-order kinetics and has a half-life of 69,3 seconds. What is the rate
constant (k) for this reaction?

(a) L.0s* (b)0.01 52 (e) 0.1 5+ (d) 0.001 s>

(0.8 If the rate of reaction is proportional to the concentration of A and the square of the concentration

of B, what is the total order of the reaction?
{a) O (b} 1 {c) 2 (d)3

Q.9 To what order of 3 reaction does the following graph belong to?

(a) Zero order reaction il

k= < mlinjen

(b) First order reaction
(c) Second order reaction
{d} Third order reaction

Infi] —

.10, In pseudoe unimolecular reactions:

{a) Bath reactants are present in low concentrations,
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(b) Both reactants are present in the same concentrations,
(c) One reactant is present in excess,
{d) One reactant is non-reactive.

ASSERTION AND REASON TYPE QUESTIONS:

For the Questions given bealow, select the most appropriate answer from the options given below:

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

B. Both A and R are true but R is not the correct explanation of A.

C. Aistrue but R is false.

D. Ais false but Ristrue

0.11Assertion{A): Hydrolysis of methyl ethanoate is a pseudo-first-order reaction.
Reason(R): Water is present in large excess, and therefore its concentration remained constant
thraughout the reaction.

Q.12 Assertion (A): The presence of a catalyst increaszes the activation energy of a reaction.
Reason (R): Catalysts provide an alternative reaction pathway with 3 lower activation energy.

Q.13.Assertion[A): Increase in concentration of reactant will not change the rate for a zero-arder
reaction.
Reason(R): Rate constant for a zero-order reaction is a constant for a particular initial
concentration.

Q.14.Assertion[A): Every collision between reacting molecules results in the formation of products.
Reason(R):Product formation accurs only when colliding molecules have the proper arientation and
enough energy.

Q.15 Assertion{A): A bimolecular reaction becomes first arder reaction when ane of the reactants is

in excess.
Reason(R): Rateis not significantly affected by change in concentration of the reactant present in
small amount.
Answer Keys :
Q1 Q2. |3 |Q4(Q5 |06 Q7 |08 |0Q9|Q10([(0Q11 0412 | G153 | Q14 | Q15
b) [0 [{a) [(b) [t |4 [0} [(a) [(0) [{e) [fa) [td) [@) [(d) [ite)

Section — B [Short answer Questions) 2 marks each
Q.1 A chemical reaction reduces the amount of a substance following first-arder kinetics, with k=60s™.
How lang will it take for the substance to shrink to 1/16 of what it was?

:-E;ﬂﬁ,-ﬂ?fﬂ_lﬁ- , Answer: 0.0460 Seconds)

[al
Q.2.How order is different from Molecularity.
(.3 Can the activation energy of a reaction be zero Justify your answar.
{Hint: Yes)
0.4 The conversion of X to Y is a second- order reaction. Compare the rate of reaction when the
ctoncentration of X is increased from itsinitial value to three times that amount.
( Hint: rate will increase by nine times)
0.5 Fram the rate expression for the following reactions, determine their order of reaction and the

{Hint: Put the values in formula k=

dimensions of the rate constants:
[a) 3NDyy ———> N0 + NOzg rate = k[NOJ2
(b) CaHeClizy ——* CaHam + HClg rate = k[CaHsCl]
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()
(b)

(Hint: (a) Il order reaction and unit - Mal* L s ; {b) | order reaction and unit- s7)

Section — C (3 marks)
Q.1 A chermical reaction has rate constants of 0.02 s™ at 500 K and 0.07 s™ at 700 K. Using this data,
determine the activation energy and the frequency factar {A) using the Arrhenius equation.
k E [1; ~T, }
logo2=_——= 132 4
[Hint: Put the k, 2305R| TT, value of E: by this formula
And A by this formulo  logk=log A- = i

2iI303RT
Q.2. Inagraph In| reactant | was plotted vs. time, it gave a straight line, predict the order of the reaction

also give the expression of its half life and rate costant.
2303 [R]e

[Hint: 17 order, ty2=0.693/k, rate constant k= Tjuam

Q3 . For the reaction A+ B = C, you find that the rate = k[A]%. What does this imply about the mechanism
of the reaction?

[Hint: 2 arder w.r.t. A, B do not participate in rate determining step{large excess)]

Q4. Account for the following:

{a) Reactions with higher molecularity are rare.

(b) A zera-order reaction show a linear concentration vs. time graph

(c) Adsorption of gases becomes faster on powdered charcoal

[Hint: (a)- Chances of effective collision decreases, (b)- Rate is independent aof initial concentration, (c)-
Large surface area]

Q5 .If half life period of A in a first order reaction reaction is 2 minutes , How long will it take [A] to
reach 25% of its initial concentration.

[Hint: Use formula of t12=0.693/K for 1* order, Ans- t;s =4 min.]

Section — D [CBQ) 04 marks

A gzroup of Class 12 students performed an experiment to study the rate of decompaosition of hydrogen
peroxide (H:03) n the presence of a potassium iodide (KI) catalyst. They observed that the reaction was
faster at higher temperatures. The balanced reaction is:
2H:026q) KI —  2H;0p + Oz
They measured the time taken to collect a certain velume of oxygen at different temperatures and
found that the reaction rate increased with temperature. Their teacher explained that the reaction
follaws first-order kineties and the rate constant k can be calculated using the integrated rate equation:
2304  [R]e
The class was also ¥= 7 €1r) introduced ta the Archenius equation: k=Ae /"
which shows how the rate constant changes with temperature and activation

energy.
What role does potassium iodide (KI) play in the reaction?

Predict the order and unit of rate constant for the above reaction

(e} How does temperature affect the rate of a chemical reaction? If the rate constant at two
temperatures is known, how can you calculate the activation energy?
Hint: {a) Catalyst

(b}Definition first arder
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{c} As the temperature increases rate of reaction increases.
[Hnt kB [T, -1 ]

o TT

Sk; 2.303R

LONG ANSWER TYPE QUESTIONS [S MARKS]
Q 1(a). Radioactive decay follows first order kinetics. The rate constant for the decompaosition of a
hydracarbon is 2-418 x 107 s at 546 K. If the energy of activation is 179-9 kI mol?, what will be the
value of pre-exponential factor.
[Hint:

Arcording to Arrhenius equation,

E

I.I.I;R = logr A E}I.'I;T

A = Amilog 125916 = 30 x 1024,
so value of pre-exponential S * "

(b).The initial rate of a reaction A+B—>C is studied at various initial concentrations.
The data obtained is: - -
[Aa] (mol/L) | [B] (mol/L) | Initial Rate (mol L' s7")

0.1 0.1 0.02
0.2 0.1 0.04
0.2 J 0.2 0.DE

Determine the order of the reaction with respect to A and B. Write the rate law and the value of rate
constant (k).
Hint:(b).order; w.rt. A=1, w.rit. B=1; rate law R=k[A] [B]; K=2lit/maols
@ 2. (a).Describe the concept of pseudo first order reaction and support your explanation with an
example.
(b). For a zero order reaction Lthe rate constant kis 0.005 mal/L sec.|f the initial concentration of the
reactant is 0.2 mal/L then calculate :
(i) The time required for the reactant to be reduced to 0.05 mol/L.
(ii). The half- life of the reaction.
[Hint: {a)Refer summary]
(b) (i) t={ [A]=-{A] }/k ; t =30 sec
(if) tisz=[A] f2k =20 sec

(1.3a) A reaction is first order in A and second orderin B.
{i) Write the differential rate equation.
(it} How is the rate affected when the concentrations of both A and B are doubled?
b) The half-life for radioactive decay of 14C is 5730 years. An archaeclogical artifact containing
wood had anly 80% of the 14C found In a living tree. Estimate the age of the sample.

Hint-a.i) Rate= k[AJ{B]F (i) Use formula, Rate= k[A][B}*
b) use first order integroted rate eguation to solve the problem.

UNIT-4: d & f-BLOCK ELEMENTS (7 Marks]

General introduction, electronic configuration, occurrence and characteristics of transition metals, general |
trends in properties of the first row transition metals — metallic character, ionization enthalpy, oxidation states,
ionic radii, colour, catalytic property, magnetic properties, interstitial compounds, alloy formation, preparation
and properties of KiCr20- and KMnO.. Lanthanides - Electronic configuration, oxidation states, chemical reactivity
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and lanthanide contraction and its conseguences, Actinides - Electronic configuration, oxidation states and
comparison with lanthanides.

Key Concepts

d - Block Elements
ooy 4 = 6 7 8 £
1 22 23 25

25 27
Sc|Ti |V |Cr Mn|Fe |Co

s- 44955 | 4757 | so9 | s2c0 3555
—_ 39 40 41 4_2 <44 =5
Y | Zr [Nb[Mo| Tc |Ru|Rh
B]ﬂ 2201 | 9132 | 935 | sm9e | ¢28 | sor0r | 2029
=——r 57 72 73 74 75 76 r7

ck La|Hf |Ta|W [Re |Os | Ir

— 1MADY | 17549 | 1IOFS | 168 | 180 | 1902 | I%LFR

Ac | Rf |Db|Sg |Bh |Hs | Mt

3Ty ALt s e ] Lieay et LoLi ] el

5] &0 $2| 63| 64] 65| 66| €7 &a] &3] J0] 71
f-Block Nd [Pm|Sm|Eu |Gd | Tb |Dy |Ho| Er [Tm|Yb|Lu
Elements ! -m';‘"l e {1mde | e | viam Lot | s .nm _;.um Bie I-l'l.ﬂ

U [N ' Bk | Cf | Es |[Fm|{Md|No| Lr

General introduction-

> The TRANSITION ELEMENTS are those elements which have partially filled d-sub shell in their
elementary farmoor in their commonly occurring oxidation states.

7 In, Cd and Hg not regarded as transition elemeants because they do not have partially filled d-

subshell
ELECTRONIC CONFIGURATION - (n-1) d+10 ps!2
There are four transition series in d-Block of elements —
GEMNERAL CHARACTERISTICS OF d- BLOCK ELEMENTS

» Metals with high tensile strength, ductility, malleability, thermal and electrical conductivity.

> Solids except Mercury with high Melting and Boiling Points.

3d-series s |Sc | Ti | V | Cr [Mn Fe | ©
oo | e [ese | s s | |
39| 40| 41] A42] | 44|
4d-seriesmes | Y | Zr [Nb Mo Tc Ru|f
Sd-series=e |3 Hf | Ta/ W Re|Os|Ir | Pt |2
. '}"- ] =i |oetg b [ ; ..J =2 ==
oc-seriss— |5 0 0 s 5[ ncomplete
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LA A A

L

1.Atomic Radii 4

i

The atomic radii decrease with increase in atomic number, | : -

In the middle of the series atomic radii become almost constant. % i IZE

L a8

At the end of the series the atomic radii show a small increase. \I::a_;—n a1y &
On moving down the atomic radii increase due to increase in L Jm‘“r—r*"/ :;

—Nr Tl ¥ O Mo e Co B Co f0
— T Tl R T
— e Hl Ta W fe O b Pt Au Hg

number of shells.

However the atomic radii of second and third transition series are
almost same due to LANTHANOID CONTRACTION'.
2. Metzllic Character and Enthalpy of Atomization

# Metallic character is due to low ionisation energies.

» These are hard metals with high enthalpies of atomisation. This is due to strong bonding due to
overlap of unpaired electrons of different atoms.

> Values of enthalpias of atomisation increase with increase in number of unpaired electrons.
3. Densities

> All transition metals have high density due to small size and high atomic mass.

o Densities increase in a series due to increase in atomic mass and decrease in atomic size.
4. Melting and Boiling Points

¥ In general transition metals have high melting and bailing paints. This is due to strong metallic
bonds.

# The melting points in a series rise to @ maximum value in middle and then decrease. This can be
explained on basis of number of unpaired electrons.
5. lonisation Enthalpies and Electrode Potentizls

» |E;of d-block elements is higher than s-block elements but lower than p-block elements.

» In a series ionisation enthalpies generally increase from left to right due to increase in nuclear
tharge.

# The stahility of a particular oxidation of an element depends on total value of all of its ionisation
enthalpies. Lower is the total of ionisation enthalpies for a particular oxidation state, more is the
stability of that oxidation state.

#  The stability of a particular oxadation in agueous solution depends on values of electrode potentials.
Higher is the value of oxidation potential of a metal mare is stability of its particular oxidation state
in agueaus solution,

> The oxidation potential of 3 metal involves the following process —
Mis) = M-{ag) + e
6. Oxidation States

» Maost of the transition elements show variable oxidation states.

% The variable oxidation is due to the participation of (n-1)d electrons beside ns electrons. This is
due to the fact that ns and {n-1)d electron differ very less in energy and (n-1)d electron can also
participate in bond formation beside ns electrons.

36



The highest oxidation stotes are found in their fluorides and oxides.
Excapt 5S¢, the most common oxidation state for first transition state is +2.

The elements with highest oxidation state lies in ar near middle of the series.

Y ¥V ¥ V¥

For all elements the lowest oxidation state is equal to number of ns electrons while the highest
oxidation state is equal to sum of nis and (n-1)d electrons only for first five elements,

> In +2 and +3 oxidation states the bonds are mostly 1onic while in higher oxidation states these
are essantially covalent.

»  Within the group highest axidation state increase down the group.
7. Formation of coloured ions

#Muost of the compounds of transition elements are coloured in solid/solution form,

# This can be explained on basis of presence of incomplete (n-1)d sub-shell/presence of unpaired
alectrons,/d-d transition.
8. Magnetic Properties

# Most of the compounds of transition elements are paramagnetic in nature.
%> This can be explained on basis of presence of unpaired electrons in (n-1)d sub-shell.

> Higher is the number of unpaired electrons in a substance, the greater is its paramagnetic
tharacter.

o L =4ni J i i ] .
> n+2 , where n is the number of unpaired electrons and p is the magnetic
rmoment in units of Bohr magneton (BM).

9. Formation of Complexes

» Transition elements form a large number of coordination complexes. This tendency of transition
elements is due to-
1. Small size of atoms and ions of transition metals.
2. High nuclear ctharge:
3. Availability of vacant d-orbitals of suitable energy to accept lone pair of electrons from
other groups.
“For example- [Ni(NHs)s]%, [Co{NHa)s]™, [Fe{CN)s]®, [Zn{OH)a]*
10. Formation of Interstitial Compounds

> Transition elements form large number of interstitial compounds with H, B, C, and N.

> This is because the small atoms of these elements get trapped in vacant spaces of the lattice of
the metal.

# Interstitial compounds are generally non-stoichiometric e.g. TiH1 7, VHass, etc.

11. Catalytic Properties

Many transition elements and their compounds act as catalysts in various chemical reactions.The
transition elements have ability to form reaction intermediates due to variable exidation states. The
formation of reaction intermediates leads the reaction to a path of lower activation energy increasing

the rate.In some cases transition metals provide adsorption surface to reactants and increase their
concentrations.
12, Alloy Formation
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# Transition metals form a large number of alloys e.g. steel, bronze, brass, ete.

> This is because the transition elements are quite similar in size and their atoms can easily
accommaodate themselves in each other’s [attice.
13. Preparation of Potassium dichromate (K2Cr207): it is prepared by fusion of chromate ore

(FeCr204) with sodium carbonate in excess of air.

4FeCro0y +8NasCO3 + 102 = SNaaCrOy + 2Fea03 + 8C Oy
2NazCrOq + ZH = NazCra07+ 2 Na*+ H:O
NasCroOy 4+ 2Kl = Ky CroOy + 2N aCl
» Effect of pH on chromate and dichromate ions: The chromates and dichromates are inter-
convertible in aguesus solution depending upon pH of the solution. The oxidation state of
chremium in chromate and dichromate is the same.
2Cr03~ +2HY = Cra02~ + H,0
Cra05~ + 200~ = 2005~ + HaO
= Potassium dichromate acts as a strong oxidizing agent in acidic medium:
Cra0% + 14H* + 6~ — 20r* 4+ TH,0
Thus, acidified potassium dichromate will oxidise iodides to iodine, sulphides to sulphur, tin{ll)
ta tin{IV} and iron(ll) salts to iron(iii). The half-reactions are nated below:
6T 5 3, +6¢e; 3Sn" —»3Sn"+6¢
3 H,S - 6H" + 35 + Be ; 6 Fe” — 6Fe” +6e

14. Preparation of Potassium permanganate (KMnOa):

a) Potassium permanganate is prepared by fusion of Mn04 with alkali metal hydroxide (KOH) in
presence of Oz or axidising agent like KNOa. It produces dark green KeMnOawhich undergoes
oxidation as well as reduction in neutral or acidic solution to give permanganate.

2MnOg + AKOH 4 Oy = 2KoMnOy + 2H0

AH* + 3Mn0O% = 2MnO7 + MnOs + 2H20

b) Commercially, it 1s prepared by the alkaline axidative fusion of MnO; followed by the electrolytic

oxidation of manganate (VI).
ﬂfﬂﬂi_ electrolyfic oxidation in alimline mediom

Fresn
c) In labaratory, Mn?* salt can be oxidized by peroxodisulphate ion to permanganate ion.

Potassium permanganate acts as a strong oxidizing agent in acidic medium, neutral or faintly basic

» MnOJ (Purple)

medium:
In acidic medium: MnO7 +8H* + 5~ — Mn?* 4 4H,0
Andified permanganate solution oxidises oxalates to carbon dioxide, iron{ll} ta irenill), nitrites to

pitrates and iodides to free jodine. The half-reactions aof reductants are:
OOy

s | — 10CO, + 10
COO

B Fet s 5 Fe™ 4+ B

SNO, + SH,O — SNO,
101 — S51; + 10

In neutral or faintly basic medium:

MnOy +3e™ 4+ 2H20 = MnOp +40H™
(a] A notable reaction Is the exidation of iodide to lodate:
2O, + H. O+ T —> 2MnO, + 20H + 10,
ib) Thiosulphate is oxidised almost quantitatively to sulphate:
8MnO, + 35,0, + H,0 > 8MnO, + 650, + 20H
(c) Manganous salt is oxidised to MnOq: the presence of zine sulphate
or zinc oxide catalyses the oxidation:
2MnO, + 3Mn* + 2H,0 —> S5Mn0, + 4H"
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General Comparison

f-Block Elements
Lanthanoids and Actinoids

Basis of Comparison

Lanthanoids

Actinoids

Position in Periodic Table

Elements from La (57) to Lu (71) | Elements from Ac (BS) to Lr (103)
involving filling of 4f orbitals involving filling of 5f orbitals

General Electronic Configuration | [Xe] 4F74 5477 652

[Ra] 5F7* 6497 742

Physical Properties

Property Lanthanoids Actinoids
Appearance Soft, silvery white metals Silvery metals, mostly radicactive
Hardness Hard but less hard than actinaids | Harder and denser

Melting and Boiling Points

High melting and boiling points High melting and boiling points

Density

Density increases with atomic
number

Generally higher densities

Radioactivity

Maostly non-radioactive except
Promethium

All are radioactive

Colour of lons

Many ions are coloured due to f-F | lons show more intense calours

fransitions

Magnetic Nature

Mastly paramagnetic

Strongly paramagnetic

Chemical Properties

Property

Lanthanoids

Actinoids

Oxidation States

Mainly +3 oxidation state

Show variable oxidation states (43 to+7)

Reactivity

React with axygen,
halogens, acids and water
slowly

More reactive than |lanthanoids

Formation of Compounds

Form oxides, halides and
hydroxides

Form a larger variety of compounds

Complex Formation

Less tendency to farm
camplexes

Greater tendency to form complexes

Mature of Hydroxides

Hydraxides are basic

Hydroxides are less basic

Bonding: Compounds are mainly ionic | Compounds show more covalent
character
Lanthanoid Contraction and Conseguences
Point Description
Meaning Gradual decrease in atomic and ionic radii of lanthanoids from La* to Lu™
Cause Poor shielding effect of 4f electrons
Effect on Size Size decreases regularly across the series
Conseguences Similarity in properties, difficulty in separation, similarity of Zr and Hf, decrease
in basic strength of hydroxides
Actinoid Contraction and Consequences
Point Description




Meaning Gradual decrease in atomic and 1onic radii from Ac® to Lr*”

Cause Poor shielding effect of 5f electrons
Effect on Size Atomic and ionic sizes decrease gradually
Consequences Similarity in properties, complex formation tendency, decrease in basic

character, difficulty in separation

Mischmetall :it is a wall-known alloy which consists of a lanthanoid metal (~ 95% Jand iron (~ 5%}
and traces of 5, €, Ca and Al
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Unit-4

LOCK ELEMENTS

¥

1. d-BLOCK ELEMENTS

(Transition Elements)

v

2. f-BLOCK ELEMENTS

(Inner Transition Elements)

b

|

;

Y

1.‘ 1-2 1-3 1.4 1.5 '-'ﬁ 1-? ( 2-1 Lal'lihaﬂnilli 2-2 Mﬂdds
General || Electronic || General Important | | Chemical | | Impertant Uses
Introduction | |Configuration| | Properties | | Charecteristics | | Properties | | Compounds | (4f-Block Elements) (5f-Block Elements)
= b . L & L ¥ - __§
* Elementsin | = General | + Metallicm ||+ Variathe | Readlily ppact | » Il'.!b!nl). * Alloys = Elements 58 to 71 « Elements 90 to 103
whichthelast  comfgurstion || ature. axidation wihomygen, || o 0 || (Stainless | | {CetoLu) {ThtoLr)
{| gk
e {"hmT_“m”l |. High melt T hakagane, lack = General electronic » Beneral electronic
{1 siehe " _ ' » MaD; Nichroms)| : :
. fo-10d andboling | * Formation o | | configuration: configuration;
:1:: putermas abbeligets || panes el e = VL0 | = Catalysts [Xe] 4!""' -1 s [Rn] 51?—14 G-t 7et
Miledin these || e pampounds.  eidation  w Ni(CO), (V:0} » Mostly show +3 = Sho vasiahle oxidatian |
+ Gronpes 310 12 i £atoy. | i i
e tlempnts, |+ Pariivagnate states ; |FE{WJJ'|' Pigments oxidation stale. states (+3 to +7)
ili electricifyand  RturE: + Form batic (Fermeymcel (Cry0,) |« Sah, sitvery white = All are radioactive.
e beat - Tendency o e and « Pigmarns- ||* Battarlas matals = Mere reactive than
ke - - ;
wiedation states « Formallays, | formcompiex {Ce,0,) {Ni—Cd) Farm W:i"’d Larthantids.
and Toemn tamponds. s RO = Grzater tendency 1o
eoloured (Ni-Cd) | = Maostly non-radipactive farm complex
compain. {Except Pm). compounds.
_ |
L 3. Some Important Concepts Related to d-Block J 5 y 7 2 v
.3 Lanthanoi .4 Actinoid
+ v 4 + ¥ Contraction ‘ Contraction

31 3.2 3.3 34
Variable Colour of Magnetic Complex
lﬂxililfl:l‘l Smu" Compounds | L Properties ._HF“"'“E“E L
- Smallenergy |+ Duetod-d |« Dueto [-Emallsitu. |
difference transifions. urpaired high charge

between (1) ) ehectrons. and vacant d |
and os erbitats, || oorpeon of orbials:
ligght Freen * Mostare
= Both electrons visible region, | | - paramagnetic. | * Form camplas
can parficipate fans. with
In bording. ligands. |

3.5
Catalytic
Activity

= Warlable ]
ottt vam
statas.
* Provide
altwinate
[ pathwey.

e

| 4. Importance of d_and_f BI:;::I-: Elements

+ Gradual decreass in |
atomic and jonlc radii
fram La®* to Lu'",

+ Due to poor shielding
by 4f electrons.

Consequeances:

= Similarity in properties
of lanthanoids.

# Ditficulty In asparation,

¥ Similarity of Ir and HI.

* Decrease in basic
strength of hydroxides

+ Gradua| decreasa in
atomic and lonic radi
from Ac?* 1o Lt

+ Due to poor shielding
by 5F glectrons.

Consequences:

= Simiarity in propertiss
of actinoids.

= Greater tendency o
form complexas.

* Dpcreasa In basie
strangth of hydroaides.

from La{OH), to Lu{OH),. | | % Difficulty in separsrion

* Used in varioys industries, medicines, catalysts, alloys, pigments, batteries and electronic devices.
* Essential for bivlegical processes (e.g., Fe in haemoglobim, Co in Vitamin B,,),
= Actinoids are important in nuclear energy.
« f-Block elements show unique properties dus to fanthanoid and actinold contraction.
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QUESTIONS AND ANSWERS
Section A {1 MARK)
1. Manganate ion is paramagnetic due to the presence of :
(&) one unpaired electron (B) two unpaired electrons
(C) three unpaired electrons (D) fully paired electrons
2. lron forms Fe®" and Fe®* ions. Which of the following is true regarding their electronic
configuration?

a) Fe> :[Ar] 3d® Fe* :[Ar] 3d° b) Fe* :[Ar] 3d", Fe* :[Ar] 3d®

c) Fe* ;[Ar] 3d® Fe* :[Ar] 3d* d) Fe* :[Ar] 3d* Fe* :[Ar] 3d®

3. Which of the following is the correct order of magnetic mement (spin-only) for the ions?
a) TP*< V3*< Cr¥*< Mn®* b) Mn®*< Crit= 3= T

c) Crits Tites Mn< 3+ d) Ti*< Cr¥*< Mné*< \f**

4, The electronic configuration of a transition metal ion is [Ar]3d® The ion could be:

a) Mn* b) Fe®* o) G d) Co?*

5. Ta which of the following series the transition element from Z= 39 to Z = 48 belong:
{a) 3d series (b) 4d series (c] 5d series (d) 6d series

6. Why is Zn?" jon colourless?

a) it has a fully filled d-orbital b) It has unpaired electrons

c) It absorbs all visible fight d) it has empty d-orhitals

7. The separation of lanthanides is difficult due to:
a) High reactivity of lanthanides

b) Similar chemical and physical properties

¢) Different oxidation states of lanthanides

d) Low melting and boiling points of lanthamides

8. The stability of which ion is due ta its half-filled d-orbital configuration?

a) Fe®* b) Mn2* c) Cu®* d) Zn*

9. Chromium forms most stable compound in the following oxidation state:
{a) Cr (1) {b) Cr{ll) {e] Cr (111) {d) Cr (IV)

10. Not more than one oxidation state 1s shown by:

{a) Mn {b} Cr {c) Fe {d) 5c

Ques 1 |2 |3 |4 |5 |6 |7 (8 |9 |10
Ans A A A A B A B B E 3]
Section B [Assertion-Reaszon guestions)

ASSERTION & REASON QUESTIONS

These guestions contains, Assertion and Reason

{a) Assertion is True, Reason is True; Reason is 3 correct explanation for Assertion

[b) Assertion is True, Reason is True; but Reason is NOT a correct explanation for Assertion
(c] Assertion is True, Reasan s False. (d) Assertion is False, Reason is True.

1. Assertion: 1st ionisation potential of mercury is greater than cadmium.

Reason: Hg has stable electronic configuration {5d*” 6s7).

2, Assertion (A): Transition metals form alloys easily.
Reason (R): Transition elements have partially filled d subshell.

3. Assertion (A): Lanthanides show a gradual decrease in atomic and tonic radii across the series.
Reason (R): This is due to the poor shielding effect of 4f electrons.

42



4. Assertion: Change in colour of acidic solution of potassium dichromate by breath is used to test
drunk drivers.

Reason: Change in colour 15 due to the complexation of aleahol with K:Cr:05

5. Assertion: K:CrO: has yellow colour due to charge transfer.

Reason: CrO4% ion is tetrahedral in shape.

faues [1 T2 [3 [a
lans |B |B |A |C |B

Section- C [2 Marks questions])
1. Why are Sm*, Eu™, and Yb™ ions in solutions good reducing agents but an aqueous solution of Ce®
is @ good oxidizing agent?

{Hint: The most stable oxidation state of lanthanoids is +3. Hence +2 oxidation state tend to
change +3 state by loss of electron whereas those in +4 oxidation state tend to change to +3
oxidation state by gain of electron.)

2. E? of Cu is+ 0.33V while that of Zn is — 0.76V. Explain.

(Hint; High ionisation enthalpy to transform Cufs) to Cu** {ag) is not balanced by its hydration
enthalpy. However, in case of Zn after removal of electrons fram 4s-orbital, stable 3d'°
configuration is arquired.)

3. On what ground can you say that scandium (Z = 21) is a transition element, but zinc (Z = 30) is not?
(Hint. Seandium (Z = 21), otom has incompletely filled d-orbitals (3d°) in its ground stote,

On the other hand, zinc (£ = 30] atom has completely filled d-orbitals (3d*7) in its ground state as

well as most common oxidation state of +2.)

4. Which element of first transition series is a strong oxidising agent in +3 oxidation state and

why?

(Hint: Mn, betouse change of Mn?* to Mn® give stable half filled fﬂ'ﬂ! electronic Configuration).
5. Most of the transition metal ions exhibit characteristic colours in agueous solutions. Explain

(Hint: d-d transition/presence of unpaired electrons)

Section - D {3 Marks questions)
1. Give reasons for the following features of transition metal chemistry.
(a) There is a general increase in density from titanium (Z = 22) to copper (Z= 29

{b) Transition metals are well known to form complex compounds
(c) The second and third members in each group of the transition elements have very similar
atomic radii
(Hint: (a) Atomic velume decreases but at the same time, atomic mass increases.
(B) Smalfl size and high charge on cotion ond presence of vocant d-orbitols.
(e)Due-to lanthanoid contraction. ]
2. Demonstrate your understanding of the lanthanoid contraction by explaining it, analyzing the
causes behind it, and evaluating its impact on the chemical properties of elements that follow the
lanthanoids in the periodic table.
(Hint: Steody decrease is the size of lanthanoids with increase in atomic number across the period
is known as Lanthanoid contraction. It is because the electrons of 4f orbitals offer imperfect/poor
shielding effect in the same sub-shell,
Conseguences:1) Due to this 5d series elements haove nearly same radii as thot of 4d series.
2) Basic Strength decreases from La(OH)z to Lu{OHJs.
3) Lanthanoid contraction mokes separation of lanthanoids possible.)
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3. Assign reasons for the following:
(i) The enthalpies of atomisation of transition elements are high.
(i) The transition metals and many of their compounds act as good catalysts.
(iii) Seandium (Z= 21) does not exhibit variable oxidation states and yet it is regarded as a
transition element.
(Hint: (i} strong metaollic bonds due to large number of unpaired efectrons.
(ii) Because of their variable oxidation states suitable larger surface areao.
(ii1) Partially filled d arbitals in the ground state (3d* 45°) of scandium .)
4, Explain why Cu™ ion is not stable in aqueous solutions? Give another example of a
disproportionation reaction in agueous solution.
Hint: Cu” ion undergoes disproportionation.
2Cu*(ag) = Cu**(ag) + Cufs)
3 MnY'04% + 4H+ > 2 Mn"05+ MOz + 2H:20 (or any other)
5. Compare the chemistry of the actinoids with that of lanthanaids with reference to:
(i) Electronic configuration (ii) Oxidation states and (i) Chemical reactivity.
Ans. (i} For lanthanoids is [XeP* 47 547 5% and thet for octinoids is [Rn]® 5£2 647 75°.

(ii) The principal oxidation state of lanthanoids is {+3). However, seme also exhibit oxidation states
of + 2 and + 4. Actinoids exhibit a greater range of oxidation states. Again, (+3) is the principal oxidation
stote for actinoids.

(iii) in the lanthanoid series, the earlier members of the series are more reactive. They have reactivity
that is comparable to Co. Actinoids, on the ather hand, are highly reactive metals, especially when they
are finely divided.)

Section - D [Case Based guestions)
1. Read the passage given below and answer the following questions:

The lanthanoids, also known a5 rare earth elements, are a series of elements in the f-block of the
pariodic table, from atomic number 58 (Cerium) to 71 {Lutetium). These elements are characterized
by the filling of 4f arbitals. Lanthanoids exhibit similar chemical properties due to their similar
electronic configurations and are known for their high melting points and ability to form colored
compounds. The lanthanoid contraction, caused by the poor shielding effect of 4f electrons, results
in a gradual decrease in atomic and ionic radii across the series. These elements are widely usad in
industries, such as in the production of alloys, catalysts, and phosphors for electronic displays.
(il Why do lanthanoids show similar chemical properties? {1 Mark)
(i) How does the poor shielding of the 4f electrons effect Lanthanoids? {1 Mark)
{iii) Explain how lanthanoid contraction affects the atomic radii of the third transition series
compared to the second transition senes. {2 Marks)
(Hint: (i) Their similar outer electronic configurations and lanthonoid controction results in
minimal differences inthe size of the lonthonoid ions.
i} Lanthanoid contraction.
fii) Similar atomic radii of both transition series,)

2. Read the passage given below and answer the following questions:
The d-block elements exhibit unique magneatic properties due tothe presence of unpaired electrons
in their d-arbitals. For instance, iron (Fe, [Ar] 3d° 4s%) can form compounds like FeS0,, where Fe?*
has a 3d® configuration., The magnetic behavior of such compounds depends an whether the
glectrons are paired or unpaired. Paramagnetic substances are attracted to magnetic fislds due to
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unpaired electrons, while diamagnetic substances, with all electrons paired, are weakly repelled.
The magnetic moment is calculated using the farmula ¥v[n(n+2)] BM, where n is the number of

unpaired electrons.

{i) Write the electronic configuration of Fe? ion? (1 Mark)

(ii} What is meant by paramagnetic behaviour? {1 Mark)

(i) Caleulate the spin-only mégnetic moment of Fe?” ion and explain whether itis
paramagnetic or diamagnetic. (2 Marks)

(Hint: (1) The electronic configuration of Fe2" ion is [Ar] 3d°.
(i) Poramaognetic behaviour refers to the property of o substance to be attracted to an
external magnetic field due to the presence of unpaired electrons in its orbitols.
(iii) For Fe? ([Ar] 3d%), use n=4 in the formula , u=v[n{n+2}] BM)
Section - E (5 Marks guestions)
1.{a) When a chromite are [A) is fused with sodium carbonate in free excess of air and the product is
dissolved in water, 3 yellow solution of compound (B) is obtained. After treatment of this yellow solution
with sulphuric acid, compound (C) can be crystallised from the solution. When compound (C) is treated
with KCl, orange crystals of compound (D) crystallise out. Identify A to D and also explain the reactions.
(b) Describe the oxidising action of potassium dichromate and write the ionic equations for jts
reaction with: (i) lodide and (i} H25
Hint: {a) A = FeCr:04, B = Na:CrOq, €= NozCr:072H:0, D = Kz2Cr207

b (i) Cr.0; +61 +14H" —2Cr™ 431, + TH.,O
(i)
2. When an oxide of manganese (A) is fused with KOH in the presence of an oxidising agent and
dissolved in water, it gives a dark green solution of compound (B). Compound (B)
disproportionates in neutral or acidic solution to give purple compound (C). An alkaline solution
of compound (C) oxidises potassium iodide solution to a compound (D) and compound (A) is also
farmed. Identify compounds A to D and also explain the reactions involved.

(Hint: A = MnO: (B) KzMnOs (C) KMnQs (G) KIO3z

Cr.O0> 4+3HS+8H" —20r" +38+7H.0

UNIT- 5: COORDINATION COMPOUNDS (7 Marks]
Coordination compounds - Intreduction, ligands, coerdination number, colour, magnetic praperties and shapes,
IUPAC nomenclature of mononuciear coordination compounds. Bonding, Werner's theory, VBT, and CFT;
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structure and sterecisomerism, importance of coordination compounds (in gualitative analysls, extraction of
metals and biological system).

Key Concept

» Coordination Compounds
Coordination compounds are the compounds which contain complex ions. These compounds containa
central metal atom or cation which is attached with a fixed number of anions or malecules {called
ligands) through coordinate bonds.

# Type of addition compounds-

l 1. Double Salt
' Dissociate into simple ions completely when

E.Eumplex compound

Do not dissociate into simple ions in water
dissolved in water.
e.g. Mohr's salt, FeS0..{NH4):504.6H:0

> Fe™® +2NHs"+ 5047 + 6H20
Patash Alum Kz504A1:504.24H:0

32K 425042 + 2417 £ 24H:0

e.g. Ka[FelCNJg).
Complexion [Fe(CN)s]* does not dissociate
inta Fe?* and CN™ ions.

> IMPORTANT TERMINOLOGY OF COORDINATION COMPOUND.

" Coordinntion
-
- WY sphiere
K, |Fe(CN),]
i A
Coumnter / ‘f T = Coordination
lan X Ligands nunber

Central
I1H‘I111 ntom

Central
metnl atom

Cinniter \
jon (anion)

_-[Co(NHa),], SO,

Coordinat lon
sphere

/

Clhairgee 0 (harge oin
. 1 , covrdination
LmLF“.‘-,Tr e Lignnds  (Toorelination sphere (+2)
B number  Chnter lon '
(mifphnte)

(i) Coordination entity: It constitutes the central metal ion or atom bonded to a fixed number of jons
ar molecules represented within a square bracket.

{ii) Central atom/ion: The atom/ion to which a fixed number of ions/groups are bound in a definite
geometrical arrangement around it, is called the central atom or ion.

iii) Ligands: Ligands are the neutral or negative ions donate lone pairs to the central metal ion via
coordinate bonds, acting as Lewis bases. Its may be classified as-

Monodentate/ l Ligands which Contain only one donar atom Ex-Cl" ;H:0, NHi, NOs.
Unidentate:
Didentate/ Bidentate

—

Ligands which Contain two donor atoms. Ex-Cz0+%{ox);
NH2CHzCH:NHz{en)
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Polydentate which Contain two or mare donor atoms present in a single higand.
| Ex-(EDTA)Y

1 Chelating ligands Di-or polydentate ligands that uses two or more danor atoms to
bind to a single metal ion to form ring-like complexes.(Ox); (edta)

| Ambidentate ligand A ligand that can ligate through two different atoms, one at a time,
Ex—CNS and NCS, NO and ONO-, CN-and NC

Coordination number: The number of ligand donor atoms to which the metal is directly bonded
through toordinate bond. It determine the geometry of coordination complex.

Counter ions: The ionisable groups written outside the square bracket. Ex-K"in

Ka[Fe(CN)s] OR 3 CI in [Co{NHz)e]Clz

Coordination Polyhedron: The spatial arrangement of the ligand stoms which are directly attached to
the central metal atom/ion. They are commaonly Octahedral, Square-planar or Tetrahedral.

Oxidation number: The charge that the central atom would carry if all the ligands are

removed along with their pairs of electrons shared with the central atom.

Homoleptic complexes: Complexes in which anly one kind of Ligand . Ex-[Ca{NHz}s]**

Heteroleptic complexes: Complexes in which more than one kind of Ligand Ex- [Co{NHaz)s Cl5]*

Werner's theory of coordination Compounds-

Developed by Alfred Werner in 1893.The main postulates of this theory are:

(i) In coordination compounds, metals show two types of valencies: primary and secondary.

(ii) The primary valencies are normally ionisable and are satisfied by negative ions.

{iii) The secondary valencies are non ionisable and are satisfied by neutral molecules or negative ions.
The secondary valency is equal to the coordination number and is fixed for a metal.

(fv) The ions or groups bound by secondary linkage to the metal have characteristic spatial
arrangements corresponding to different coardination number.

Cl —— Primary valency (corresponds to 0.5.)
HoN |} NH. —— Secondary valency [corresponds to C.N.)
2 i . Both primary and secondary valencies
HE.N____.C'-T{_NH;; (satisfy both the O.S. and C.N.)
ol g cl
NH,
Number and Name of Primary Number and Name of
Example of Complex Valencies Secondary Valencies
[Fe(CN)5]* 2 primary valencies 6 secondary valencies
[Co(NH,);1C1y 3 primary valencies & secondary valencies
[Co(N Hy)s| Cr(CN Jg) 3 primary valencies each for Coand & secondary valencies sach for Co and
Cr Cr
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IUPAC NOMENCLATURE OF
COORDINATION COMPOUNDS

Prefix for Charge en
counter ion \\‘ Ligands coordination
antity

& "a Countar ion(s)

[X] M (L) [Y]._mmm

n coardination

Central metal \ untity
e Mumbser of Determing oxidition
ligands statn of metal

[ ORDER OF NAMING ]

2, Ligand name(s} 3. Name of metal 4, Suffix according 5. MNarms al
+ | (with appropriate + [with exidation “pe to charge on = eaunter lonis)
prafives) state in Roman cooncination {if any)
numeraks) entity
v
Use di-, tri- tetra-, MWeme of ligand; uss Metal names as sueh. Usa —ate for-anionic Mame of anion
panta-, hexa-, etc. cli~. tri-, tatra-, ate, for Write its oxidation complaxes; —ium {6.g., chlorida,
[ more than ona number of ligands state in Roman for cationic complaxes: suffate, nitrnto, ate.)

Counter In-nl nummErals none for nevtral complexes

MNote =+ Ligands are named first in alphatwtical order (igrnoring prefixes di-, tri-=, ste.)
« Meutral ligands are named as such (&g, ammine, agua, carbonyl).
= Anionic ligands end with —o (e g., chlorido, cyano, hydroxo).

IUPAC names of some coordination compounds

S. No. Formula Name
(i [PHNH5):CINOS] diamminechloridonitrito=MN=platinumdll)
(i) [CoClyen)]CI dichloridobis{ethane-1, 2-diamine) cobaltiill) chioride
(il K;[Fe(Ca0y4)4] potassium trioxalaloferrale(lll)
(iv) [AGINH4);] [AQICN).] | diammine silver(l) dicyanoargentats(])

ISOMERISM IN COORDINATION COMPOUNDS

Compounds having same molecular farmula but different structural formula or stereo-forms are
called isomers and the phenomenon is said to be isomerism.

[ Isomerism ]
|
| |
LSiErﬂﬂiBﬂmEﬂEm ] { Structural isomerism ]
Gaomelrical ] [ Linkage Coordination ]
Optical ] [ Solvate lonisation l
- ] |

&) Structural Isomerism-isomerism in which coordination compounds have the same molecular formula
but differ in the arrangement or connectivity of ligands, counter ions, or coordination spheres within
the compound.
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Sr.Na. Type Description
1 The tompounds which have the same malecular formula but
lanisation lsarmariem give different ions in solution.
. [Eﬂ{NHg];SGﬂE and [Cﬂ{NH3}5Br]SGq
2 Linkage lsomerism It oceurs in compounds which having ambidentate ligands
showing different modes of attachment to metal through either
of the two different donar atom. (e.g., NO: binds through
nitrogen or cxygen).
[Co{NHz]s{NOz}]Cl: and [Co{NHz}<{OND)]Clz
3 Coordination Isomerism | It arises when bath the cation and anion are complexes which
diffar in the distribution of ligands.
[Ca{NHz)s][Cr{CN)&] and [Cr{NHz)s][Co(CN)s]
4 Solvation lsomerism The compounds which have the same composition but differ in
the number of solvent or water malecules present as ligands
[Cr{H20)e]Cls and [Cr{H20)=Ci]Cl2.H20 '

B) Stereo Isomerism- Compounds are stereo-isomers when they contain the same ligands in their
coordination spheres but differ in the way that these ligands are arranged in space. They are of two

types:
A, Gaometrical isomerism

B.Optical isomerism

Gaometrical Isomerism -This type of isomerism arises in heteroleptic complexes due to different

possible geometric arrangements of the ligands

COORDINATION | [Mazb3] type complexes | ¢y Ni. cl . NH
NO-4 [Pt{NH3)2Ch] S 2 , AT A 2
(Square planar Cl = \“Nlta HHS"’ ﬁ“l:::t
complexes) s fruns

| Tetrahedral complexes do nat show geometrical isomerism.

Reasan: The relative positions of the unidentate ligonds attached to the centrol metal otom are the

same with respect to each other

COORDINATION [Mazba] type complexes = __]. - __.|+
NO & [CD{ NHEI}ACIZ ]+ N '| q NI I ”H
(Octahedral S Sl
Complexes NH, I N, NH; | NN
31 8 o
[ iln irethm __
[Mazbz] type complexes i nit
[Co(NHs}3(NOz}3] o L‘*’"h S '(,,r_,
{a TRy " n>i NY)
0 1H
Jar— frer-

Optical lsomerism: Optical isomers are mirror images that cannot be superimposed on one another

and are called as enantiomears.
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Optical isomers of [Colen)s]*

dhrirn mitror I

Cpticd mamams (o and 1) af [Cofen N 0]

Bonding in Coordination Compounds (Valence Bond Theory] : Key Points of VBT
1. The central metal atom/ion provides empty hybrid orbitals (equivalent energy orbitals) to accept

lone pairs from ligands, forming coordinate bonds.
2. Hybridization and Geometry of the complex-

Coordination Number Type of Hybridisation Acquired Geometry Examiples

4 sp’ letrahedral |NiCl ", | Zn(NH;) 4™

1 dsp’ Square planap |BLCL ), [NV(ON )y >

. sp'd? Octahedral |CoFy*, |[Fe{H:0)/*

6 disp? Octahedral [Coa(N H3)s|**, [Fe(CN)g|*

3. Magnetic Behavior: VBT to explain paramagnetic (unpaired electrons) ar diamagnetic (all paired
electrons) nature.
4. Spectro chemical series: The arrangement of commaon ligands in the increasing order of their
crystal-field splitting energy (CFSE) values.

I <Br «SCN <« Clm«5" ¢ F ¢« OH <« G057 €« H:0 « NCS™ < EDTAY <« NHy < en « CN™ <« CO

Mnemonic: “I Bought Spicy Chips, Sandwiches, Fries, Omelette, Cold Honey Noodles, Eggs, Naan,
Energy Chocolates, Cookies.”
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e | =

e Bought — Br~

s Spicy — SCN™

e Chips — CI°

e Sandwiches — 5%
* Fries—F

* Omelette -« OH"
e Cold - C,0s"

s Honey — H.0

s MNoodles — NCS
» Eggs — EDTAY

* Naan — NH;

* Energy — &n

* Chocolates — CN-

s Cookies — CO

Examples [ VBT in coordination Compounds): 1. [Cr(NH3):]*
Atomic no. of Cr =24 3 Cr*" = 21 electrons > 3d?

rirlr] 1 |

)

i

i

du

NH: is a neutral ligand (weak field).

Sud

I I

|

[ 1 |

—

Hybridization: d?sp? ; Geometry: Octahedral; Magnetic: Paramagnetic (due to 3 unpaired electrans)

Some more example:-

| Sr.No. ' Oxidation Hybridi Magnetic
Comiplex State Type of sation Geometry Mature
Ligand
1 [CriNHs)s]* +3 Strong disp? Paramagnetic
Octahedral
2 [NI{CN)5]* +2 Strong Square planar Diamagnetic
dsp?

3 +2 Strang | disp® Diamagnetic
[Fe(CN)e]* Octahedral

4 +3 Weak spid? Paramagnetic
[FeFg)*~ Octahedral

Crystal Field Theory (CFT)
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1. Electrostatic Model: CFT treats ligands as point charges (or dipoles in the case of neutral ligand:
like NH;3 or H;0). The interaction betwean these ligands and the metal's d-orbitals causes splitting

of energy levels.
2. Degeneracy of d-orbitals is Lifted: In a free metal ion, the five d-orbitals are degenerate (have

the same =nergy). In 2 complex, due to the ligand field, these orbitals split into groups with
different energies.

3. Geometry-Dependent Splitting:

4. Octahedral field (common for 6 ligands): The d-arbitals split into two sets:

Lower energy: tag — (dey,Ou,tye), Higher energy: eg— (da, dx®—y?),

Energy difference = Ag (octahedral splitting energy)

fwarage energy of

the d orbitsis in
& sphercal crystal
field
dy b dy duye dp Spliting of d-orbitals
in an aotahedral
Wetal d-orials crystal fleld

d-rkitais solifting in an ociahecral cresial fiebd
The splitting of degenerate levels due to the presence of ligands in a definite geometry i termed as

urw_.rstal field spliﬂ:ing
[ Weak field ligands .T Strong field ligands
[ As<P | As>P
| Form high spin complexes | Form low spin complexes

5. Tetrahedral field (4 ligands): Lower energy: eg—> (dz?,dx?-y?), Higher energy: tag. — {(dxy,dxz,dyz),

Energy difference = At (Tetrahedral splitting energy)

iy
“““““““ ;" = -

5 Average Iﬁnﬂ:;gy of I- 5 A

@ the d orbitais i a

1| spherical crystal a8

l i I | [ fiald
by O, dg das 0z Splitting of d-orbitals
Metal d-orbitals I Intranatial
crystal fisld

d-orbitals splitting In an tetrahodral crystal feld

Why Coordination Compounds are Colored-
1. d—d Transitions: In transition rmetal complexes, the d-orbitals split in the presence of ligands (crystal

field splitting]. Electrons can be excited from a lower-energy d arbital to 3 higher one using visible light.

52



2. Charge Transfer Transitions: Electrons are transferred between the metal and ligands or vice-versa.
These transitions also absorb light in the visible region, producing color,

3. Ligand Field Effect: Different ligands cause varying d-arbital splitting (A). Strong-field ligands like CN™
tause more splitting than weak ones like H;0, affecting the colour of complexes. For example,
[Ti{H2O}¢]*" is violet because Ti*" (3d") absorbs blue-green light, promoting the electron from tz; to e
level(tzle® = t” ecl). Without ligands, no crystal field S#Fitting occurs, so the substance remains
colourfess,

Note: {i) For example, removal of water from [Ti(H20}s]Clz on heating renders it colourless. Similarly,
anhydrous CuS0as is white, but CuS04.5H:0 is blue in colour.

(ii) Zn?*, Cd¥*, Se¥*, ete.: These are colorless in solution because they have no d=d transitions {either
d” or d'" configuration).

BONDING IN METAL CARBONYLS: In metal carbonyls, the M—C bond has both o and e character. The o
bond forms by donation of a lone pair from €O to the metal vacant d orbital, and the it bond forms by
back-donation from the metal’s d-orbital to the €O w antibonding orbital. This two-way interaction
creates a synergic effect, strengthening the M—CO bond.

Synergic bonding

Applications of coordination compounds:

(i) Complex formation is frequently encountered in analytical chemistry. For example identification of
Cu?* is based on the formation of a blue complex with NHz :-

CuClz +4NHs3 = [Cu{NHa)4]Cl;

and that of Fe** on the formation of a red complex with KSCN:

FeClz + KSCN — Ks[Fe{5CN]s]+ 3KTI

Similarly. Ni*? is estimated as red complex with dimethyl glyoxime (DMG).

(i) Complex formation is used in the extraction of metals from their ores, For example Ni is extracted
from its ores as volatile nickel carbonyl.

Ni+4C0 >Ni{CO}s T Heated - Ni+4C0

(i1i) Metal complexes of Ag. Au, Cu, etc., are used for electroplating of these metals on the desired
objects.

(iv) Many biological processes involve complex formation. For example haemoglobm, chlorophyll,
vitamin Biz , cisplatin are complexes,

(v) Hardness of water is estimated by complexometric titration of Ca?* and Mg?* with ethylene
diaminetetraacetic acid (EDTA).

53



COORDINATION COMPOUNDS

(Chapter 9, NCERT Class 12 Chemistry)
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QUESTION BANK
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SECTION —-A (1 MARK EACH)
1. One mole of the complex compound Co{NHz)sCls, gives 3 moles of ions on dissolution in water, One
mole of the same complex reacts with two moles of AgND: solution to yield two moles of AgCl (s). The

structure of the complexis

{a) [Co(NHs)sCls). 2NH; {b) [Co{NH3)aCly] CI. NH3

{c) [ColNHz)aCl] Clz. NHz {d] [Co(NHz)sCl] Clz

2. In the coordination compound, K3[Ni{CN}.], the oxidation state of nickel is
{a)O (b +1 (e} +2 (dj—1

3. [EDTA]*isa:

{a) monodentate ligand (b) bidentate ligand

(¢} quadridentate ligand (d) hexadentate ligand

4, The total number of possible isomers for the complex [Co(C20:)z{NHz)z] are:

(a) 1 (b) 2 (e} 3 (d) 4

5. The stahilisation of coordination compounds due to chelation is called the chelate effect. Which of
the following 15 the most stable complex species?

(a) [Fe(CO)s] (b) [Fe(CN)s]* (c) [Fe(Cs04)s]* (d) [Fe(H:0)s]**
6. The colour of the coordination compounds depends on the crystal field splitting. What will be the
carrect order of absorption of wavelength of light in the visible region, for the complexes,
[Co{NHs)s]*", [Co{CN)s]*, [Co{H;0)e]* ?
(a) [Co(CN)s]* ~ > [Co(NH1)s]** > [Co(H20)s P *
(b) [CO(NH3)s]** > [Co(H20):]** > [Co{CN)e]*
(c) [ColH20)51** > [ColNH3)el* * > [Co(CN)s]?~
(d) None of the above

(Hint: Greater the crystal field splitting energy (4g), smaller will be the wavelength absorbed. Use the
spectrochemical series)

7. On the basis of CFT what will be the electronic configuration of d®in terms of tzz and e; Orbitals
when Ag = P.

a) tas e b) tzs%es” c) ) tzg’es® d) ) tas e

8. Match the coordination compounds given in Column | with their corresponding properties or
applications given in Column 1l and choase the correct option.

Column | Column I
(A) [Ca(NH3):]1Ch (1) Anticancar drug
(B) Ka[Fe(CN)s] (2) Paramagnetic complex
(C) cis-{Pi{NH:3)2Cl3] (3) Coordination number = 6
(D) [Cr{H20)6]Cla (4) Strong field ligand complex
(a) A-3, B4, C-1, D-2 (b) A-4, B-3, C-2,D-1
(c} A-2,B-1,C4, D3 (d) A1, B2, 3, D4

9. Which of the following statements is correct 7 (Atomic number of Ni= 28)
{a) Ni(CO)a is diamagnetic and [NiCls]*” and [Ni{CN)a]* are paramagnetic

(b) Ni{CO)sand [Ni{CNJa]* are diamagnetic and [NiCls]* is paramagnetic

(¢} Ni{CO)sand [NiClz]* are diamagnetic and [Ni(CN)a]* is paramagnetic

{d) [NiCla}* and [Ni[CN}a]* are diamagnetic and Ni(CO)s is paramagnetic

10. Which of the following pairs represent linkage isomers?
(a) [Pd(PPh3)2(NCS);] and [Pd(PPhz)2(SCN)s]
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(B) [Ca(NH;)sNO:]504 and [Co(NH3)s504]NO;
{c} [PtClz(NH3)s]Br; and [PtBra(NHa)4]Clz
(d) [Cu(NH;)s][PtCls] and [Pt{NH;)s][CuCly]

ASSERTION- REASON TYPE QUESTIONS (1 MARK EACH)
In the following questions a statement of Assertion (A) followed by a statement of Reason (R) is given.
Choose the correct option out of the choices given below each question.

a) Both A and R are true and R is correct explanation of A.

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

c) Alistrue but R is false. d) Ais False but R is true.

11. Assertion : A chelating ligand must possess two or more lone pairs at such a distance that it may

form suitable strain free rings at the metal ion.

Reason : HzN - NH; is a chelating ligand.

12. Assertion{A}): {Fe(CN)s]*~is weakly paramagnetic while [Fe(CN}&]* is diamagnetic.
Reason(R) : [Fe(CN)z]P has +3 oxidation state while [Fe[CN)g]* has +2 axidation state.

13. Assertion (A); [Ti{Hz0)s]** is coloured while [S¢{H:z0)e]** is colourless.

Reasan (R): d-d transition is not possible i [Sc{H20)g)**

14.Assertion (A): Optical isomerism is not shown by square planar complexes .
Reason (R): Square planar complexes do not possess chiral structures.

15. Assertion : [Co{NHz2)s504]Cl gives a white precipitate with silver nitrate solution.
Reason : The complex dissociate to give Cland SO ions.

ANSWERS

ANSWERS KEY :

@1 2[3]a[5]e [7] 8 [9]10][ma]12[23]14]15
EA _r:ll a |d| d|c| e |B 2 _#;_.E__. c | b I a 2 c |

SECTION -B_(TWO MARKS EACH)

1. A cationic complex has two isomers A & B. Each has one Co™, five NHz, one Br and one S04+ A

gives a white precipitate with BaClz solution while B gives a yellow precipitate with AgNOs salution.
{a) What are the possible structures of the complexes Azand B 7

(b) Will the two complexes have same colour ?

(HINT: (a) [CofNH3)5 Br] 504 ond [CO (NH3)5 504] ; (b) No

2. A, B and C are three complexes of Chromium with the empirical formula H1208CI13Cr. All the three

complexes have Cl and H20 molecules as the ligands. Complex A does not react with conc. H2504.
Complexes B and C lose 6.75% and 13.5% of their original weight respectively on heating with conc.

H2504. Identify A, B and C.
(HINT- Dato suggests that the complexes are hydrote isomers. As complex A does not lose any molecule

of H20 on heating which shows that no water molecule of H20 is outside the co-ordingtion sphere. A=

[Cr {H20]g]CI3 . As B loses 6.75% actual loss in wt. = x 266.5 = 18 emu, 8 = [Cr (H20)s5 Cl] Cl2 . H20 As
C loses 13.5% of wt. on heating which is twice the loss in the ﬁrst case. C isomer exists as o difiydrate :

[Cr(H20)g Cl2] Cl . 2 H20.)
3. How tz; and ez orbitals are formed in an octahedral complex?
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(HINT-In an octahedral complex, the metal ion is at the center and ligands at the corners. The d-=and
d:= orbitals point along the oxes (toward ligands), causing greater repulsion and higher energy. The other
d orbitals lie hetween the axes, facing less repulsion and have lower energy.)

4. A solution of [Ni (H20)g]** is green but a solution of [Ni(CN)4]* is colourless. Explain.

HINT--In [Ni{H20)s]*> H20 is o weak field ligand. Therefore, there gre unpaired electrons in Ni*“in this
complex, the d electrons from the lower energy level can be excited to the higher energy level i.e., the
passibility of d—d transition is present. Hence, NifHz0)sj*'s caloured. In [Ni{CN}qJ*™ the electrons are all
paired as CN- is o strong field ligand. Therefore, d-d transition is not possible in[Ni{CNsJ*~ Hence, it is
colourless. As there ore no unpaired electrons, it is diagmognetic.
5. Draw the structures of aptical isomers of sach of the following complex ions:

[Cr{Ca0:)a)* [PtChalen)a]**

HINT-
o I o x_ L | " Cl
X ] &7 ox =
| PR o e
| X F
d-form mirror I-form o o1
mirroe

Optical i FCHC20
ptical isomers of [CHC20:%P Optical isomers of [PIGIa{en):E*

SECTION -C { 3 MARKS EACH)

1. A student prepared three co-ordination complexes cantaining chromium having the following

tharacteristics:
Sr. No. Formula colour Cl-ions present in solution per formula unit
(A) CrClz.6H:0 violet 3
| (B) CrCl2.6H:0 Light green 2
| (@ | CrClz.6H;,0 Dark green 1

[3) Write the structures of the three com plexes.
(b) Give IUPAC name of the complex
HINT- Accarding to Werner’s Coordination theary.
2. On the basis of valence bond theary explain geometry, nature of hybridisation, magnetic property
& optical isomerism of [Co(OX)z)F and [CoFsl
HINT- According to Velance bond theory.
3. Calculate the magnetic moment of the following complexes;
(i} [Cr (NHz)e]* (i1) [CoFe]* (i) [Fe{CN)e]*
HINT- Use formula p=vn{n+2) BM
4. What will be the correct order for the wavelengths of absorption in the Visible region for the
following: [Ni{NOz)s]*, [Ni{NHz)e]*, [Ni{H20) s]*?
HINT-: Stronger field — larger Ao — absorbs higher energy (shorter wavelength)
Weaker field > smaller Ao = absorbs lower energy (fonger wavelength)
ligand strength increases roughly in this order: H:0<NH:<NO;~
Hence, order of the wave length of absorption is as follows

[Ni{Hz0)g]** > [Ni(NHz)s7* = [Ni(NO3}e]*
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5. (a) On the basis of crystal field theaory, write the electronic configuration of d® in terms of tzg and eg
in an octahedral field when Ao<P.and Ag> P
b. Low spin configuration are raraly observed in tetrahedral coordination entity formation. Explain.

HINT-1.a)
[ “ Weak j‘féﬁﬂ‘ fﬁgﬂn ds .'j'tmn-g ﬁe:'ﬂ" ﬁgands_
" A< P Ao>P
i tz:', 85" f2585"

b). The orbital splitting energies, A: are not sufficiently large for forcing pairing of electrons in the
tetrabedral coordination entity formation.

SECTION =D Case Study Based guestion [Four marks)
1.Read the passage carefully and answer the questions that follows.

Alfred Werner, a Swiss chemist was the first to formulate his idea about the structure of coordination
compounds. He proposed the concept of primary and secondary valences for a metal ion. The primary
valences are normally ionisable and satisfied by negative ions. The secondary valences are non-ionisable
and it is equal to coordination number and is fixed for a metal. The groups bound by the secondary
linkages to metal have spatial arrangements corresponding to different coordination numbers.
Octahedral, tetrahedral and square planar geametrical shapes are more commaon in coordination
compounds of transition metals.Double salts and coordination complexes are formed by the
ctombination of two or more stable compounds in stoichiometric ratio. Double salts are dissociated into
simple ions completaly when dissolved in water whereas complexes do not dissociate completely into
its ions. Werner was the first to discover optical activity in certain coordination compounds.

{i} What is the oxidation number of cabalt in coordinatian entity: [Ca{H;0){CN)(en)z]*?

(i1} What is the coordination number of chromium in K[Cr{H20)2{C204):]?

(iif) Arrange the following complexes in increasing order of conductivity of their solution. Give reason,
[Co{NHz)xClz], [Co(NH3)aClz]Cl, [Co{NHa):]Cls, [Co[NHz)sCI]Clz

OR

How many ions are produced from the complex [Co{NHz)s]Cls in solution?
HINT-{i) O.N. of Co is +3 {ir} Coordination number=6

(it} Increasing order [Co {NHz}zClz] < [Co (NHz)aClz] Cl= [Co (NHz)sCl] Clz <[Co (NHa)s] Cls
As no. of ions in-solution increases their conductivity also increases.

OR

(iii) 4
2.Read the passage carefully and answer the questions that follow
Valence bond theory considers the bonding between metal ion and ligands
as purely covalent. On the other hand, crystal field theory considers the metal-ligand bond to be ionic
arising from electrostatic interaction between the metal ion and the ligands. In coordination
compounds, the interaction between the ligand and the metal ion causes the five d-orbitals to split-up.
This is called crystal field splitting and the energy difference between the two sets of energy levels is
called crystal field splitting energy. The crystal field splitting (A;) depends upon the nature of the ligand
and the charge of the metal ion. The electronic configuration of the metal ion in the complexes depends
on the relative values of A and P (pairing energy). If Ao < P, then complex will be high spin. IFAS> P,
then complex will be low spin.

{i} Calculate the magnetic moment of the metal ion in the complex Ka[(Fe{CN)g).
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b)

(ii) On the basis of crystal field theary, write the electronic configuration of d* in terms of tzg and ez in
an octahedral field when Ao > P.
(i1} Explain the vialet colour of [Ti{H-0):]* complex on the basis of the crystal field theory, (Atomic
number of Ti = 22)

OR
{ni)State the magnetic property of each of the following complexes.

Hexaaminechramium (1} ion (At no of Chromium = 24)
Tetraamminezinc(ll) ion (At number of Zinc =30)
HINT: (i} Magnetic moment= Vax{n+2); Answer: u=v24 BM

(it} As per the summary {iti) Az per the summary
OR
(iii) a) Pararmagnetic. b) Diamagnetic

SECTION -E {5 MARKS]):

1. (a) Draw the geometrical isomers of [Colen),Cl:]*. Which geometrical isomer of [Colen).Cl;]* is not
optically active and why?

(b) Write the hybridisation and magnetic behaviour of [CoFg]*.

[Given: Atomic number of Co = 27]

2,A) (i) Write the IUPAC name of the following complexes:

(a) [Cr(Hz0)c]Cls (b) [Pt{NH2)zCla]  (c) [Fe(CN)s)*

(it) Give the formula for the following complexes:

(a) Tetraamminecopper(ll) sulphate (b) Potassium trioxalatochromate(lll)

(¢} Hexaamminecobalt{lll) chloride

B).Discuss the nature of bonding in the following coordination entities on the basis of valence bond

theory:

(i) [Fe(CN)s]* (i) [FeFe]™

HINT-A) (i} {a) Hexaaquachromium (Ill) chioride. (b) Diamminetetra-chloroplatinum (I} (c)

Hexoryanoferrate(ll] ion

i} (a) [Cu(NH3)a]SO2  (b) K3[Cr(C204)5]  (c)[Co(NH3)s]Cls

B) (i). [Fe{CN)s[*~ CN- is a strong field ligand, hence pairing of 3d orbital tokes place ; d°sp®
(ii) [FeFslF, F is a weak field ligand hence pairing doesn’t occur; Answer: sp d”



UNIT-6: HALOALKANES AND HALOARENES (6 Marks)

Haloalkanes: Nomenciature, nature of C-X bond, physical and chemical properties, optical rotation mechanizm
of substitution reactions. Halearenes: Nature of C—X bond, substitution reactions (Directive influence of halogen
in monosubstituted compounds only). Uses and environmenta! effects of - dichloromethane, trichloromethane,
tetrachloromethane, iud-::ﬁ::rm, freons, DOT.

» When one or more hydragen atoms in a hydrocarbon—either aliphatic or aromatic—are replaced by
halogen atoms, the resulting compounds are known as alkyl halides (haloalkanes) and aryl halides
{haloarenes), respectively.

> CLASSIFICATION OF HALOALKANE AND HALOARENE

When C—X carbon is sp” hybridised. When C—X carbon is sp” hybridised.

Allylie Alleyl Banzylic Vimgdic Aryl
=0y 0 O | CyHyCH.X CH, == Halogen is directly attached
cg. i e.g. CHyCH,CH,CL Eof I g, CHa=CH-(1 to the carbon atom of
a CHGl aramatic ring, €., CoH5Cl
Halogen H R R’
1 1 1
attached to BR— ?—x R"—(I: —_— D l-t"—(;_“ —_2
sp* carbon H B R
Primmary {1%) Sccondary (2) Tertinry {3%)

# Nature of C-X bond: Carbon-halogen bond of alkyl halide is polar in nature because chlorine is more
electronegative in nature. The carbon atom has a partial positive charge and halogen atom has a

partial negative charge.

\G+ §-
—[=X
e [/
» Nomenclature:
Rule : Halo+ Alk+ane/en =
CH
H,.C—CH-CH, Wi
CHLCILGH. B I 1,C-CH-CH,C]
Common name n-Propyl bromide Isopropyl chiloride lsebutyl chlaride
IUPAC name:  1-Bromopropane 2-Chlsropropare 1-Chloro-Z:methylpropane
3r Br
SN !
Br Br Br
Common name: Bromobemsene m-DibromobonzEzcne sym-Tribromobenzéne
ITIPAC imme: Bromohenzene 1, S-Dibromobenzene 1.3, 5-Tribromoben=ene
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# Methods of Preparation for Halozlkane:

1. Frem ZnCl, ’ Important Paint:
Alcohal BN B T 0 {i) ?hiqnvl chloride(S0OCl) is
R-OH + NaBr + HS0,——> R-8ir + NaHSQ, + H,0 preferred because the
SRONS Py ——» X+ HRO, XeGm | S esHeprducre
R-OH + PCL —— R-Cl + POCI, + HCI rea_ctiﬂn gives pure alkyl
; halides.
R-OH m R-X i) The order of reactivity of
E=Br,,1, aleohols with a given
R-OH + SOCI, —3 R-Cl + SO, + HCI haloacid{HCl) is 3°>2°>1°.
Where R=Alkyl Group{CHz,CiHs eic )
2. From ¥ ' i| Reaction follows free
Hydrocarbon | CH.CH,CH,CF CL/UV light CHaCHACH,CH,C f-jditat substitution
gL, Chy or heat * :
s CH4CH,CHCICH, | reaction.
(i) if a molecule has
O _ ‘F"i Gy ?"! CH; different types of carbon
CHOCHCHy — CCH,CHOM,Cry = CHODHCHy + CHCHORCH, + CRCHOHCHE | atoms (primary, secondary,
H C 0 tertiary), different products
i Imu il MI it !-Chn iurn-:-ﬂ : :m will be formed.
i . (i) Alkene reacts with
CHCH=CHt Bl — CHCH,CH,! + CH:,CH]CHJ hydrogen halide
minor major (i) Major and minor
product is given by
Markovnikov's rule.
B H H ool In this reaction, brown
I-F: / + Brl o HTCHE—CHEBT color of bromine water
1 uieDibromiide disappears, indicating the
presence of unsaturation
{C=Cor C=C).
3. Halogen 2wl (i) Name reaction:
Exchange R-X + Nal m R-1 + NaX Finkelstein Reaction
X=Cl. Br (i1} NaCl or NaBr formed as
side product is
R=CHa, CaHs, CeHs etc precipitated in dry acetone
and facilitates the forward
reaction.
H,C-Br + AgF H,C-F + AgBr {i) Name reaction: Swarts
Other metallic halide AgF, Hg,F, , CoF, or SbF,| feaction

# Physical Properties
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e Haloalkanes have higher boiling points than alkanes due to stronger intermolecular forces of
attraction, including dipole-dipole and dispersion forces.

e For the same alkyl group, boiling points of alkyl halides decrease as Rl > RBr > RCl > RF due to stronger
van der Waals forces with heavier halogens.

e The boiling points of isomeric haloalkanes decrease with increase in branching. Example is given

below: CHy
1
Br Br
Lp /K 375 S6%¥ 346
o Melting and boiling

point arder for dihalobenzene is given below:

<1 Lt <=1
1
1
B £ A5 A4 -3 43 <3 <3
g I RIS .6 323

Mote: Para-isomers have higher melting points than orthoe- and meta-isomers due to their symmetrical
structure, allowing better crystal lattice packing.

e Solubility: Despite of polar nature of alkyl halides, they are insoluble in water due to the inability to
form hydrogen bonds. Still, they are soluble in non-polar solvents.

e [Density: The density increases with an increase in the number of carbon atoms, halogen atoms, and
atamic mass of the halogen atoms.

#» CHEMICAL PROPERTIES
1. Reaction with Metal:
{2) Haloalkanes React with magnesium in dry ether to form RMgX, a compound known as a
Grignard reagent. The reaction is given below:

CH,CH.Br + Mg 9wy cther | ol CH Mgy
Grignard reagent

MNote: Traces of moisture must be ovoided as Grignord reagents are highly reactive due to their nucleophilic
nature and react with proton sources like water, alcohols, or amines to form hydrocarbons. Hence, the

reaction is carried out in dry ether.

/N o

{
R—MgCl + |44 —» R—H + Mg(OH)CI

(b) Wurtz reaction: This reaction produces symmetrical alkanes with twice the number of carban
atoms as in the original alkyl halide. The reaction is given below:

A—X + 2Na + X—R —2XSher. o R+ 2NaX
Alkyl halide Alkane

CHa—Br + 2Na + Br—CHg ™', GH,CH3 + 2NaBr
Methyl bromide Ethane
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2. Nucleophilic substitution reaction:

General definition: The reaction in which a strong nucleaphile replaces the already existing weak
nucleophile in a molecule is called nucleophilic substitution reaction.

ltCHICH:x -+ = RCH:CH:Y 4+ X

a substitution reaction :

]the leaving grnupl

Groups like cyanides and nitritas possess two nucleaphilic centres and are called ambident
nucleophiles. The example is given below

[a) R-X+KCN ZR-CN (Cyanide produce due to ionic nature of KCN)

(b) R-X + AgCN ZR-NC (lsacyanide produce due to covalent nature of AgCN)
Substitution nucleophilic unimelecular (Sul) and Substitution nucleophilic bimolecular [Snu2)

Mechanism:
Sl Reaction
e
I";{C—Br
Br ‘ —Br-
4y b Both side attack .
}_, C|f =3 chance is 50:50 ‘
H,0: :0H,
inverted configuration - -
relative to the configuration 3 b same configuration
of the alkyl halide as the alkyl halide
Vl _ + /4 Y ;. \V :
+ .i—- | il '_—... - L =il [T —— — fmai — - +
H"+ HO: c Hﬁ C -C ﬁ]—[ v C—OH + H’
ﬁHZ Reaction
= H S H
s o —— [ lod] —— wf,

Note: (i) Tertiary halides are the least reactive because bulky groups hinder the approaching

nucleophiles.
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H /
Nu: —— 3—X X | Nu: i} S NHZLH" N v
@

@

Methyl Ethyl 1° 1ﬂuprnpyl 25 tert-butyl 3°
(30) (1) (0.02) (0)
Fip 100, Sace efsoly ; 32 feaction. The mlstoes fahe of Hgd rescfrun o gl it pandnbiiagly

{11} In 5u1 rate of reaction depends an the stability of carbocation. Allylic and benzylic halides are
highly reactive in 5,1 reactions due to resonance-stabilized carbocations.

H,C- ’E“ CHa

o {IL Cl'l CH,
— =T —C

{ii) For a given alkyl group, the reactivity of the alkyl halide R-X, follows the same order in both

the mechanisms R—i> R—Br>R—Clz>R—F
For S.,2 reaction

| - -
Tertiary halide: Secondary halide: Primmary halide; CHL X

< |

For 5,1 reaction

HaC -f:l"—cl-ff

# STEREOCHEMICAL ASPECTS OF NUCLEOPHILIC SUBSTITUTION REACTIONS

® Some important Terms
(i) A tetrahedral carbon bonded to four different substituents is called a chiral carbon/chiral center/
asymmetric carbon/stereacentre.
The objects or molecule which are non- The  objects or  molecule  which
superimposable on their mirror image are  superimposable on their mirror images are
said to be chiral and property is known as called achiral.
chirality.

Optically active
Dptically inactive

(it} Nonsuperimposable mirror-image molecules are called enantiomers.

ceyCis M | RS ey
, [ Eareal CHh ,_H"é il

By

P2 ol >
CHyCH: \ - CHy | €7y ey

"Hy |_

.".-C \. | a chiral nonsparimposable an achiral | supesimposabie |
j | molecule mirrie jinage maletule | irfar InFn.ﬁg_L‘
F e rrteEmary pedwrnincl rmglecube
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(a) Enantiomers rotate the | (b) Enantiomers possess (¢} They only differ with respect to the
plane polarized light in identical physical rotation of plane polarised light.
opposite direction hence it | properties namely, melting | {i) if rotates plane-polarized light to the

is known as optical point, boiling point, right (clockwise) is called dextrorotatory

isomers. refractive index, etc. (d-form) and marked with a (+) sign.

(i) If it rotates hight to the left
{anticlockwise), it is laesvarotatory (l-form)
and marked with a (=) sign.

{i)INVERSION, RETENTION AND RACEMISATION

Inversion: A process in which the relative configuration of an atom in 2 molecule changed, Inversion

takes place in Sx2.

Retention: It is the process in which configuration of substrate and product remains the same.

Racemisation: (3) The process in which optically active compounds are converted into optically

inactive compounds with zero optical activity.
{b) Racermisation takes place in Snl.

C.H, - C.H, GJ'II_,!
H A
CH, Y Inversion X CH, Retention Y CH.|
B A
Y Racemisation
A+DB
Comparison of S 1 and 5.2
5,41 Sy2
A Kineties 1% arder 2™ order
B Rate kIRX] kIRX[INu ]
cC Stereochamistry Racemisation Inversion
D Substrate 3 >»2>1 > MeX MeX >1 >2>3
E Mucleophile MNat important Needs Strong Nu
F Solvent Good lonizing Faster in aprotie
G Leaving Group Needs Good LG Meeds Good LG
H Rearrangement Possible Neot Possible

3. Elimination reaction/Dehydrohzalogenation/ B-elimination

Elimination of hydrogen atom from 8 -carbon and a halogen atom from the a-carbon atom
simultaneously takes place in presence of strong base like alcoholic KOH is used in this reaction.

Mechanism:

Loss uf the

65

+  Br + HOH

fat v gro g
rBr e
P -‘;‘f ) OH e —
Forming 8 N —"pace attacks E2 Product
xond p-Hydrogen Alkene




Note: If more than one a-hydrogen is available, multiple alkenes may form. The major product is

predicted by Saytzeff's rule. The example is given below:

I-lr

OH OH
H.ECCH~CH=CH-CH,«— H C—CH -CH,—'CH—CH —— HC-CH -CH-CH=CH,

Penitl-2-orie [5194) 2-Hromopentane H Penit-1-ene (1Er%)

> PREPARATION OF HALOARENE:

Chs THy CHy | (i) The given reaction is an example of an electrophilic
[| ,.J % @ Q aromatic substitution reaction, where X; can be Cl: or
Brs.

o ookl p-Haloioluenn

Electrophilic substitution reaction {i1) The artho and para isomers can be easily separated
due to large difference in their melting points.

' (i} Name Reaction: Sandmeyer’s reaction

L'I Y o =
N X |
Ki
Aryl halide X =l H . + N,

For Chloro or bromobenzene

| For iodobenzene

# CHEMICAL PROPERTIES OF HALOARENE:
1. Nucleophilic substitution reactions chlorobenzene reacts with agueous NaOH at high temperature
and pressure, & give phenol. Introducing NGz groups at the ortho and para positions makes the
reaction condition milder and increases the reactivity towards substitution reactions. The reactions are

given below:
ol b H

v

@ i1l NaOFH. 623K. 300 atm ) NaOM, 443K
iy 1" Lup ¥
N,
i X ol ol
N NO B
I NaOH. 368K | *ooN N, N MOy,
o S -
oy H.O
NO, NG, NO, N,
Pivwic Acinl

2. Electrophilic substitution reactions:
(a) Haloarenes undergo electrophilic substitution. The halogen is slightly deactivating due to - effect
but directs new groups to the ortho and para positions due to resonance, which increases electron

density at these sites.
L&z, > L.
3 R 2 R
S e =
I Il 1 v

(b) The major product is the para-substituted compound, as it is favored over the orthe product.
{(a) 1 i 1

x L cl
Halogenation @ + ©, _Anhyd. FeCl, . @/

1, 2-Dichlorobenene
IMinor)

L |
1. d-Inchlorobensonc
{Major)
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(b) Nitration Cl Cl <l

. HNO, e,

conc. H,50, +
1-Chlsro-Z-nitrobenzene e
(Minor) 1-Chloro-4-nitrobenzenc
[Major)
{c) Cl Cl Cl
Sulphanation conc. H,50, @""-‘“*H @
N 2 +

(d) Friedet- | ¢

2 Chlorobenzenesulfonic acid S0OH

(Minor) 4. Chlorobenzencesulionic acid
{Manr] )

cl
Crafts reaction Anhyd. AICI CH,
(ALKYLATION) +CH,CI |

L-Chlore-2-methylbenzene

(M) I—Chluru—q—mﬂhylbm—menc
{Mlnjor)

{d) Friedel- ol

Cl

Crafts reaction ; "!’
F |'l1.. 1 Anbad. AT,

(ACETYLATION)

2 EhInru-nﬂ:ln phenone

(Batnor) 4—1’..“]:|.I:}maccluph:rmnc

Ml cafoan)

3. Reactions with Metals

(a) Wurtz- Y
Fittig reaction ©/ + Na +RX quethcr ©/ + NaX

(b) Fitting X
reaction 2 ©/ + 2Na Jary s + 2NaX

Polyhalogen Compounds

{a) Trichloromethane
[Chloroform)
CHCly

The main use of chloroform today is to produce the refrigerant Freon
R-22.

Chlorofarm slowly oxidizes in air and light to form poisonous
phosgene gas{carbonyl chloride). it is stored in dark, tightly sealed
bottles to keep air out.
2CHCI, + 0, —UEht . scocl, + ZHC
I’hbﬁgl:mc

(b)Triiodomethane
(lodoform)
CHI3

lodoform was once used as an antiseptic, but its effects come from
releasing free iodine, not iodoform itself, and its unpleasant smell has
led to its replacement by ather iodine-based farmulations.

(d) Tetrachloromethane
{Carbon tetrachloride)
CCla

Use in the manufacture of refrigerants and propellants for serosol
cans, feedstock in the synthesis of chiorofluorocarbons.

used as a cleaning fluid, both in industry, as 3 degreasing agent, and
in the hame, as a spot remover and as fire extinguisher.

It cause dizziness, light headedness, nausea and vomiting, which can
cause permanent damage to nerve cells.
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(&) Freans

Ex Freon 12 (CCl2F3)

Chlorofluarocarbon compounds of methane and ethane. Eg: Freon 12
{CClaFz )

Extremely stable, unreactive, non-toxic, noncorrosive and easily
liquefiable gases.

it is manufactured from tetrachloromethane by Swarts reaction.

In stratosphere, freon is able to initiate radical chain reactions that
can upset the natural ozone balance.

{a) Dichloromethane
(Methylene chloride)
CH:Clz

Used as a salvent{in drug industry), paint remover, propellant in
aerasols

Harms the central nervous system, Skin contact causes intense
burning and mild redness. Eye contact can burn the cornea.

(f).p.p"Dichlorodiphenyl
trichloroethane

(DDT)

DDT is chemically stable and fat Cl
soluble. It is not metabalized very
rapidly by animals; it is deposited
and is stored in the fatty tissues.

Being non-biodegradable its
residues accumulate in environment DT
and are toxic to mammals etc.
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HALOALKANES

Compounds having
ahe or more halogen
atoms bonded ta
2p? hybridized
carbon of alkanes.

R—CH,—X
iX = F, CL Br, )

' DL ]
¥ &
|

1l

HALOALKANES AND HALOARENES

Organic compounds containing hatogen (F, Cl, Br, ) as the functional group,

GENERAL POINTS
= Halpalkanes ara moro reactive than haloanmes.
= Rssctivity order (R~ X) o susleophlbe substitution: B = RBe = RL] = RF
» Bond strongth (C—X) oder; R—F = R—=C1 » R=Br > A—1

HALOARENES

Compounds having
one ar ore halogen
atoms bonded to

sp” hybradised cadson
of aromatic ring.

(=

(X =F ClBr, 1)

1. PHYSICAL PROPERTIES
= Celourfees conmporls
= Léndemr riviarnibers EC.-—E‘] e e,
G Ly e Nquiicks arch higher

2. CHEMICAL PROPERTIES

Undeargo mainky nuclsaphilic
subvatitution reacthan

o syt N R—Ru+ X
= Boiling paints are higher than X

carresponding alkanes bk lwer (L R

than carresponding alcohods.
= Inscluble In wates st solubiy n

arganic oot

= Dansily groater than waler.

. PHYSICAL PROPERTIES
» Genorally colourless solids or
liguids with charactaristic odouwr,

* Boiling points are higher than
correspending arense.

» |nselulsle i owater but soluble in
arganic solvents

s Darear thian water,

2. CHEMICAL PROPERTIES

Linitergo mainly slectrophilic
aromatic subistitution reactiang.
Thae € - X bond is stronger and has
partial doubls bond charsctar dus
ta resonance, hence less rasctive
towvards mcleaphilic salbstitution.

O~

3, IMPORTANT REACTIONS 3 IMPORTANT REACTIONS

1] Electrophilic Substitution Reactions

[ Muclmophilic Subetitution Reackione
= WWikh agusous KOH (hydrotysi)
R—X 4 BEOH by — R—0H - KX
Alpahali

= With alcohalic KDH tddryhhhlnwm.lnnj

R—CHy~CH,~X 4+ ale. KOH —+ R—CH = CH, 4 KX+ H,0

AT

= With sadiurn athoside (Willlamson eynthesis)

R~X + CqH;ONa + R—-0CH.+ NaX

[Elser)
= With KCM (nitrile)
B—-—X « KCN —% R-~CN 4 KX
(Hinrile}

= With ﬁgﬂﬂ, lprecipiindson]
R =X + AgNQ,nie) —= K- ONO, + AgX.)
[\ilde ppt )
i} Elimimation Resction
R=CH,~CH;=X + al.KOH — R—CH = CH; + KX + H;O
i Lewrem |
{ill} Wurtz Reaction

IR—X + 2Na gy wthar] —= R— K = INaX
{iv) Finkelstein Reasction
R—Cl / R—8r + Nal facztans) —+ R—1 + NaCl / NaBr |

(v} Swarts Reaction iprepsarwien of B-Fi
R—Cl/R—Br + AgFlorHg,F.) —» R—F + AgCl/Hy.Cl,

4. PREPARATION OF HALOALKAMES

i} Froem nlicanes fFree radicsl substitston
RH + X, —2—= R—X + HX
%= 1, B
i) From alcohols
R=0H « HX — R—X + H,0
[ = O M. Iy
R—OH + §OCI, /MC1, /IPCly —— B— O+ 50y /POCL S HC
fiki} From allbenss indiéman nf Hi
B—TH = CH; + HX — H—CHX—CH,

i) From arh‘u:yﬁr_ seids (FHunsdiscker reactiom)
R—CODAR + Br, — =% . R—Br + CO, + Aghi¢

USES OF HALOALKANES
Az solvents (CHCI,, CCl,).
Aa relrigarants (Froom).
As anipesthetics ECH‘:E:_:I.
I firw sxtinguizhars (GFCly )
An intormaodiatos in organic synthosis

D KEY POINTS

= MNivrwthon
At =X 4 HNOy

* Sulphonation

otiem, #5800,
—_—

o, p=R0=Ar=N+ H,0

Ar—X + 80,/ fuming H.50, — o= p-S0,H-Ar=% + H,0

o Halogemation

P 5‘1“ Tl jent.)
o Frlmihils (st Adlkiplabicin
Ar—% + REy 2 AlG,
= Frimdol - Cratts Acylation

Ar—X 4+ ROCOCT

o, p-X—Ar—X + HX

oy pR—Ar—X + HEI

undage. AIET,

o=, p—RED ~ Ar— X + [

04 Musleophilic Sutsstiiutbon Renctions (Under drastie eoeditioes)

= Hydrolysis (Dow processd
Ar—Cl + MNaDH {ag)

= 'With MaMNHy thagh Sermpeaione]
AEF K

2 K, 300 uem

Ar—0OH + Nall
tPhemol)

Ar—Cl + ZNaNH, ———— Ar—NH,; + Nadl + MH,

(i} Metaiation

| Bl b

Ar —X & INg (dryether] —-+ Ar—Na = NaX

4. PREPARATION OF HALOARENES

il From aranes (slectrophillc halageaurtion]

ok, fai.
K =H e I

(i} From digronlum salts Ssndrmeyer rvaction)

Ar -~ NIClIT 4 CuX

(ki From pheonols

Ar—X + HX

O sl

*Ae =X b Ny b Cild
U6 = CL b}

Ar—OH + PCIy /5001, — Ar—C) o+ POCL, /50, + (HOL

USES OF HALOARENES
= A imtermadiates 0 dyes drugs and pacticidas.

« In manulacturing of golymers,
pharmaceUticals.

= Chiorobenzens is used az salvent and

in production of DOT.

o Haloslbares: WMeres cosctive, unslorgo mucleophilic submstitution sasily.
* Haolowrenes: Less reactive, undesrgn sentrophilic substitution) ©- X band has partial doubic bond charmartor.

QUESTION BANK

63

plastics and

]I:::I—EI




SECTION — A (1 MARK)

1.0xidation of chloroform by air in the presence of sunlight produces 3 poisonous gas known as
(ALL INDIA 2026 )

{a)Mustard gas (b) Tear gas (c) Chlorine gas (d) Phosgene gas

2. Which of the following haloalkanes react with aqueous KOH most rapidly by Sul reaction?
(ALL INIDA 2025)

{A) 2-Chlorobutane {B) 1-Bromobutane

(C) 2-Bromo-2-Methylpropane (D) 2,2-Dimethyl-1-Chloropropane
3. 2 —Bromo-2-methylepropane is allowed to react with alcoholic KOH solution. The major product
farmed is — (ALL INDIA 2022)

{a) {CHz}zC=CHz {b) CHz-CH=CH-CH=z (¢} (CH3)2CH-CH3 {d})CH3-CHz-CHz-CHz

4. Given below are two statements:
Statement 1: The process of conversion of enantiomer into 3 racemic mixture is known as
racemization.
Statement 2: 1-chlorobutane has a higher boiling point than 2-chlorobutane.
(a) Statement 1is true and statement 2 is false
(b} Statement 1 is false and statement 2 15 true.
{c) Both statement 1 and statement 2 are false.
(d) Both statement 1 and statement 2 are true,
5. Match Column | (Compounds) with Column 11 (Uses), and mark the appropriate option:

I Column | (Compounds) Column Il (Uses)
[- {A) Carbon tetrachloride '{i} Paint remover
[ {B) Methylene chioride {11} Refrigerators and air conditioners
| (C)pDT {iii) Fire extinguisher
(D) Freons (iv) Non-biodagradable insecticide

(a) (A)=(ii), (B)={iii), (C)=(i), (D}=(iv) (b} (A)={iv), (B}=(i), (C)=(i1), (D)=(i)
(e} {m)=(i), (B}=(ii), (C)=(iii), (D)=(iv) (d) (A)=(iin}, (B)=(i), (C)=(iv), {D)=(i1)
6. What is the correct order of dipele moments from highest to lowest among the following?
{a) CHsCl = CHsBr> CHSF {b) CH3Cl > CHsF > CH1Br
{¢} CH3Br = CHaCl = CHaF (d) CHzBr > CHaF > CH:Cl
7. The correct order of melting point for the given compounds is:

i

C
(a)A=B>C (b)A>=C>B (e)B>A>C (dic>A>8
8. Consider the following compounds:
H
. & ::*z fg‘zm .-fg'zx
Hy H3C CHj
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Identify the correct statement related to these compounds.
{a) | and Il are chiral. (b) I and Il are achiral.
{c} lis chiral and |l is achiral. {d]) 1z achiral and 11 s chiral.

9. Consider the following reactions:
KMD,

A
R-Cl—
Wﬁ- B
The relation between A and B are:
{a) Enantiomers {b) Functional group isomers
{c) Position isomers {d]) Identical compounds

10. Examine the given reaction and predict the structure of the major monohalo product

CH,OH
’O' + HCl| e,
OH
H
Hz ,‘:1 H,
o, O, o
{a) e (b) © {e) ©

ASSERTION REASON TYPE QUESTIONS (1 MARKS)
These questions are based on Assertion-Reason and write the correct option from the following four
options given:

{d) None of the these

{a) Both A and R are carrect and R is the correct explanation of A.

{b) Both A and R are carrect but R is not the correct explanation of A.

{c) Ais correct and R is not correct. (d) A is not correct but R is correct

11. Assertion (A): ! undergoes Sy2 reaction faster than —~——~o

Reason(R): lodine is a better leaving group because of its larger size.

12. Assertion (A): Aryl halides and vinyl halides are less reactive than alkyl halides and are not easily
hydralyzed,

Reason [R): The cleavage bond in aryl halides acquires a double bond character due to resonance,
which makes its cleavage difficult.

13. Assertion [A): Grignard's reagent reaction accurs in aqueous medium.

Reason [R): In the presence of water, Grignard's reagent gets destrayed.

14, Assertion (A): AgCN gives alkyl isocyanides {R—NC) as the major product in nucleophilic
substitution reactions with alkyl chloride.

Reason (R): AgCN is predominantly covalent, allowing the nitrogen atom to act as the nucleophile.
15. Assertion (A): The 542 reaction of (—)-2-bromooctane with sodium hydroxide gives (+)-octan-2-ol
with inversion of configuration.

Reason(R): 5,2 reactions pracsed through a carbacation intermediate which allows for the inversion
of configuration.

Answer Key

B T2 3 [ a 5 T'e 7 8 g 10
| (d) (c) (a) ' (d) (d) (b) (a) (] (b) (a)
11 12 13 | 14 15

(a) () (d) | fa) (c)

71



SECTION - B (ZMARKS)
1. Consider the following reaction: (ALL INDIA 2024)

©,u 1,0 KCN
——
Cl :

The major product to the reaction is

Ans - @(_~| 1 —CN
i

2. An alkyl halide (A) of molecular formula CeH:sCl on treatment with alcohalic KOH gives twa isameric
alkenes (B) and (C) of molecular formula CzH;;z. Both alkenes on hydrogenation gives 2,3-
dimethylbutane. Write the structures of (A) ,(B) and (C) (ALL INDIA 2023)

(HINT: A, 2-chloro-2,3-dimethylbutane,B 2,3-dimethylbut-1-ene, (.2, 3-dimethylbut-2-ene.
3. Chlarobenzene and benzyl chloride are both aromatic halo compounds, but they react differently
with alcoholic silver nitrate solution. Explain how you can distinguish between the two using this
reagent.
(Hint: Due to resonance aryl halide 1s less reactive towards nuclenphilic substitution reaction.)
4. Draw the structures of major product(s) in each of the following reactions : 2x1=2

?
k)

{a)CsH=-Br + Mg (Ether)—-
{b) CH3:-CHz-Br + AgCN
(HINT {a)CsHs-Mg-Br
(¢) CHz-CHa-NC + AgBr
5. Apply your understanding of solubility and intermolecular forces to explain why alkyl halides are
insoluble in water despite having polar bonds.
(Hint: Unable to form hydrogen bonds with woter molecules)
SECTION - C (3 MARKS)

1. Answer the following : 3=1=3 (ALL INDIA 2026)

{a) Which isaomer of CsHaBr 1s most reactive towards Sul reaction ?
(b) Predict the alkene that would be formed by dehydrohalogenation of 1-Bromo-1-
methyloyclohexane.
Although chiorine shows strong — | effect, yetitis ortho-and para-directing in electrophilic aromatic
substitution reactions. Why ?

rHi-'I"?t- ia) Teri-butyl bromide {CHCBre -'Z—ﬂrumu—l-rntlh}']pru-pull:

b}
j LCH, S,
{-}r q

i) Because +R etfect stnbilises the intermedinte corbocation.

2. A compound (A) with molecular formula CaHsl which is a primary alkyl halide, reacts with
alcohalic KOH to give compound (B). Compound (B) reacts with HI to give (C) which is an isamer of
(A). When [A] reacts with Na metal in the presence of dry ether, it gives a compound (D), CeHia which
is different from the compound formed when n-butyl iodide reacts with sodium. Write the structures
of (A), (B), (C) and (D). Write the chemical equation when compound (A) is reacted with alcoholic
KOH. (ALL INDIA 2025)
(HINT ,(A,) Isobutyl iedide (1-lodo-2-methylpropane),(B); 2-methylpropene (Isabutylens)
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(C): 2-iodo-2-methylpropane (tert-butyl iodide) |, (D): 2,5-dimethylhexane,
3. Explain why resonance and electron-withdrawing groups to explain why p-nitrochlorobenzene
undergoes nucleophilic substitution faster than chlorobenzene. Support your answer with appropriate
resanating structures.
(Hint: In this reaction a carbanion intermediate is formed which is stabilized by —R effect (resonance)
as wall as—| effect of NO; group.)
4, Prop-1-ene undergoes electrophilic addition reaction in the presence of HBr.
{i) Write the names of all products formed in the reaction.
(i} ldentify the major product and explain why it is formed in greater amount.
5. (a) Study the reaction below and answer the guestions that follow:
CHzaCHaCl + Nal  CHzCHal + NaCl
(i) Suggest a way to increase the rate of the forward reaction in the given process,
(ii) If ethyl Auoride isto be prepared, which reaction should be used?

@ o AN
(b) Out of = and |.~_,,'- , which is an example of benzyl halide.
SECTION — D CASE BASED QUESTIONS (4 MARKS]
1. Read the passage given below and answer the following questions:
When a chemical reaction occurs at an asymmetric carbon atom, the spatial configuration around that
carbon may change depanding on the mechanism of the reaction. In the replacement of a group X by
another group Y, three outcomes are possible. The image is given below:

CH, . CH, CH,
i IQ\ —_— o H \I'—} ik
e Y X CIL, Y TCH,
H A
Y
A+B

(i) In the given reaction, if compound B is the only product formed, what type of configuration
change has occurred?

{a) Retention of configuration [b) Inversion of configuration

(c] Racemisation (d) Mo change in coanfiguration
{11) Observe the compound shown in the image given below and determine how many chiral centers
are presant in the molecule 0

OH

NH;
{i11) If compounds A and B are present in equal proportions, will the resulting
mixture be aptically active or optically inactive? Explain your answer.
2. Read the passage given below and answer the following questions:
When a halealkane containing a B-hydrogen atom is heated with alcohaolic potassium hydroxide
(KOH), it undergoes B-elimination, where a hydrogen atom is removed from the B-carbon and 2
halegen atam is remaved from the a-carbon, This results in the farmation of an alkene. Elimination
reactions follow the order of reactivity:
Tertiary [3°) > Secondary (2°) > Primary (1°).
If more than one B-hydrogen is available, multiple alkenes may be farmed. In such cases, the major
product follows Zaitsev's (Saytzeff)Rule, which states that:
“In dehydrohalogenation reactions, the preferred product is the alkene with the greater number of alkyl
groups attached to the doubly bonded carbon atoms.”
For example, in the elimination of 2-bromopentane, the major product is pent-2-ene, which is more
substituted and thus more stable.
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(i) Select the correct statement by considering the following reaction:
Br

M N e O
Main Product
(a). Hydroxide ion is a base. (b). Hydroxide ion 1s a nucleophile.
(c). it is 3 nucleophilic addition reaction. {d). it is 3 nucleophilic substitution reaction.
{Hint: hydrogen atom is removed from the B-carbon by base)
(ii) Predict the major product formed when 2-chloro-2-methylpropane is heated with alcoholic
potassium hydroxide,
{Hint: Follow the mechanism of elimination reaction given in summary)
{iii) Outof 2-bromopentane, 2-bromo-2-methylbutane and 1-bromopentane, which
compound is most reactive towards elimination reaction and why 7
(Hint: Elimination recction order 3° > 27 > 17
SECTION —E (5 MARKS)
1. (3} Starting with ethane, how could the following compounds be prepared?
(i). Propanenitrile; (ii}). Ethyl benzene
{Hint: Halogenation, followed by nucleophilic substitution; Halogenation, followed by Friedel-
Craft alkylation)
(b) Provide the IUPAC name of the given compound
CH,

|
H,C~C~CH;=Cl

CH,
2. (3) A common lab solvent can cause liver and kidney damage with prolonged exposure. When
exposed to air and light, it slowly forms a highly toxic gas. To prevent this, it is stored in sealed, dark-
coloured bottles.
(i) Name the poisanous gas formed.
(i) Write the chemical reaction involved in its formation.
{Hint: Gas is phosgene; formula is COC!z}
(b} A student is asked to prepare an aromatic-alkyl hydrocarbon in the lab. They use a mixture of an
aryl halide and an alkyl halide, along with metallic sodium in dry ether. The reaction produces a
compound used in fuels and perfumes.
(i) Name the reaction taking place in this case,
{ii) Write the balanced chemical equation for the reaction between bromobenzene and methyl
bromide.
Hint: (Wurtz-Fittig reaction)
3. How the following conversions can be carried out?
{a) Propene to propan-1-ol
(b) Ethanol to propanenitrile
(¢} Ethyl chloride te propanoic acid
(d) Aniline to chlorobenzene
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UNIT- 7.ALCOHOLS PHENOLS AND ETHERS (6 Marks)

" Alcohols: Nomenciature, methods of preparation, physical and chemical properties (of primary alcohols only), ‘
identification of primary, secondary and tertiary alcahals, mechanism of dehydration, uses with special reference
to methanol and ethanol. Phenols: Nomenciature, methods of preparation, physical and chemical properties,
acidic nature of phenol, electrophilic substitution reactions, uses of phenols.

Ethers: Nomenclature, methods of preparation, physicat and chemical properties, uses

Key Concepts

ALCOHOL- Hydroxy derivative of alkanes (R-H) such as Alkanols{R-OH)
PHENOLS - Hydroxy derivative of arene [Ar-H) such as Phenol {CsHs-OH)

Types of Alcohols-

A)On the basis of Alkyl group-

— CH —O0OH
Primary (17)

e
-

Seconcary (29)

CH—OH

—C—0OH
Tertdary (3%)

B) On the basis of alcoholic(-OH) group-

CH,OH
CH,OH CHOH
C_H_OH CHLO] CH.,OH
OH
O OH
H
- on
H
Monohydric Dribvyrlrie Trilyydric
PREPARATION OF ALCOHOLS-
ajFrom Alkenes \ / 'I‘ T" ]
(Acid Catalised Hydration) c=—c « Fhyo ERRING c—c—r0
2% Alcohals is formed- / N\ (H—0oH) I
. | sMkene o
b)From Hydroboration of Alkenes- i} BHsor BaHs
1% Aleohal is formed. R-CH = CH2 > R-CHz-CHz-OH
ii)H202/0H
) FROM CARBONYL COMPOUNDS( ad
FROM ALDEHYDES)-Besides Pd R— CHO + H: ——R CH: OH
Pt/Ni/NaBHs/LiAiHa can be used Aldahyde Primary alcohol
d)CARBONYL COMPOUNDS( FROM | R 29 nomn H
f s . R OH
KETONES]-Besides R \{”‘
Pd.Pt/Ni/MaBHs/LiAiH s can be used Ket R Alcohol
2% Alcohol is formed always
e) FROM REDUCTION OF (1) LiAlH,
CARBOXYLIC ACIDS AND ESTERS- RCOOH W RCH,OH
:Only 1° -Aleshol is formed (#) H,
ROH

RCOO T}

Fa

H
RCOOR ———> RCH:OH + R'OH

Catalyst




f) FROM GRIGNARD REAGENTS- ? 1. Mix
R—MgCl & ———=  A-CHz-OH
Besides methariol other aldehydes H™ “H 2. HaO*
form 2°- aleohols Formaldehyde Prmary alcohol
ketones form 3% alcohols [
; R—MgC1 + o _"ﬁ'_-'- = &:Hn OH
B T [ ] 2.
Aldohydo ZHecondary alcohal
o A
o + i 1. Mix o
A—MgCl R R E oH
Katona Taninry alcahol
Preparation of Phenols
a)From Hzaloarenes-{Dow ol ONa' H
Process)
G23 K Ml
+ NaOH m" e
b)From Benzene Sulphonic acid ﬁﬁ-' ! OH
Olewn ) NaOH @
IIJI H’
c)From Benzen Diazonium salts Ok

HaD
\'\"n_r I

S

Boneene dinsoanduomm
chloride

@ + N, + HCl

d) From Cumene(lsopropyl
Benzene)-Acetone is a by C:HE— E‘.H:, c_{}_(j_i-] 121
product of this reaction. :
-—H’:Ta + CH,COCH,
Cumene l:umene

Preparation of Ethers
a)From Dehydration of H, S0,
Alcohol-Protic acid is used CHSC HBDH 413 K >CHOCH
H3S0./HsPO4 Ethanol Ethoxysthane
b)From Willamson » »
Synthesis-Lab Preparation of | Haloalkane R-X+ RLD Na—— R_Q'R‘ +NaX
both symmetrical and Sodium
unsymmaetrical. Alkoxide Ether

It is SN?-Reaction.So that-

a)
Hﬂ
CHH-Ié ONa + O/ —cH- OjZ—CH._‘  NaBr
CHy CH,

Strong Nucleophile
(Weak Base)

Here Nucleophilic reaction overcome the effect of Elemination
reaction.

1%Haloalkane Ether
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b)
CH, 4
CH, -(l.‘ Br + Na{- -CH;— CHﬁ—CuCH,-vHaBr + CH,OH
H, Cll..,
2-Methvlpropene

3"Haloalkane Weak Nuclephile

(Strong Base)
Here Alkene is formed Elemination reaction overcome the effect
of Nucleophilic reaction.

PREPARATION OF AMISOLE
From Phenol B - D Na

oo S22y

PHYSICAL PROPERTIES OF ALCOHOLS

> The boiling points of alcohols and phenols increase Due to—
-increase in the number of carbon atoms -Molecular mass increases
-increase in van der Waals forces -High Temprature is required to break this farce

= In aleohols, the bailing points decrease with increase of branching in carbon chain. Due to-
- decrease in surface area - decrease in van der Waals forces
-decrease in intermolecular interaction - High Temprature is required to break this force.

> The boiling points of alcohols are higher than hydrocarbons, ethers, haloalkanes of comparable
molecular masses Due to formation of hydrogen bonding by alcahel molecules than others.

= Increasing order of Boiling Points  Propane < Methoxymethane < Ethanal .Due to formation of
(INTERMOLECULAR}hydrogen bonding by ethanel enly but not by ethers and hydrotarbons.

= Solubility of alcohols and phenols in water is due to their ability to form hydrogen bonds with
water molecules.

= The solubility of alcohols and phenols decreases with increase of alkyl/aryl gp. Due to

- Decreases with increase in size of alkyl/aryl groups.

-Hydro phobic nature of alkyl/aryl groups.

-Decreases capability to form hydrogen bonding.

CHEMICAL PROPERTIES OF ALCOHOLS AND PHENOLS

[A)ACIDIC NATURE OF ALCOHLS AND PHENOLS
>Reaction of metal with alcohols and Phenols-Pop like sound of H2 gas is produced and alkoxide is
farmed. This reaction s known as chemical test [ functional gp test of alcohols
2R —0H + 2Na »2R — ONa +H:z
2CcH— OH+ 2Na -2 CcHe~0Na + H;




> Alcohols are weaker acids than water due to (+ effect) group present in alcohols, which
decreases the polarity of -O-H bond.

» Acid strength of alcohols: 1°>2°>3°

# Phenol is more acidic than alcohols due to more - |-effect and stabilization of phenoxide ion
through resonance

53’_9
e B H

# Presence of electron withdrawing groups increases the acidity of phenol by high polar nature

of -OH bond,maore , -| effect High Ks value , Low pKs Value, Presence more & More -| effect
group , Resonance effect, stabilizing the phenoxide ion.

> presence of electran releasing groups decreases the acidity of phenal by high polar nature of

<0H bond, more + affect, Low Ka value, High pk: Value , Presence more & Mare + effect
graup , Resonance effect , destabilizing the phenoxide ion.

B)Esterification- The reaction of alcohols with carboxylic acid and acid anhydride is carried out in the

presence of a small armount of concentrated sulnhur]t acid. Pleasent smell of Ester Produced.
Ar/ROH + R- COOH == AI‘}' ROCOR + H,O
Ar/R-0OH + (R'CO), O —# Ar/ROCOR+RCOOH

Pyridine

R/ATOH+R COCI R/ATOCOR + HCI

Acetylation of salicylic acid produces aspirin.

COOH COOH
OH i OCOCH;
+ (CH,COLO 2> + CH,COOH
Salicyiic acid Acetylsalicylic acid
{Aspirin)

C) Reaction with hydrogen halides:

e Alcohols react with hydrogen halides to form alkyl halides in anhydrous ZnCia.
ROH + HX 2R-X + H:0

e Reactivity of Alcohols: 3% > 2°%> 19
® Lucas Test: - Used to distinguish primary, secondary and tertiary alcohols
o Lucas reagent - (conc. HCl and ZnCl;)

e Alcohols are soluble in Lucas reagent while Alkyl halides (RX) are immiscible and produce

turbidity in solution.
o Tertiary alcohols- Immediately produce turbidity ,
® Secondary alcohols- Turbidity appears After 5 minutes,

® Primary alcohols- No turbidity at room temperature.

D) Reaction with phosphorus halides & S0Cla:
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EH:CH:-0OH + Fu; —— EH;EHE—Cl + H3PO;5
CHzCHz-OH + PCls —— = CHaCHz-Cl + POCE + HO
CH3CH-OH  +50Cl; > CHaCHx-Cl  + S0, + HCl

.' E) DEHYDRATION OF ALCOHOLS-

Alcohols undergo dehydration (remaval of a molecule of water) to form alkenes on treating with a
protic acid e.g., conc.Hz5041 or HzP0Os ,or anhydrous ZnCl: or alumina.

Hi-

-C-b- > 3C=CI+HO
g OH Heat
H, SO,
CH0H = > CH,; = CIH,+ H,O
The reactivity of dehydration of alecohol = 37 > 20 > 1°
?1—1 85% HaPOy
CH;CHCH, yr— > CH,— CH = CH, +H;O

CH,
cHﬂ_i on Z8RMPO,, on & cHy 410

358 K
| F) OXIDATION OF AI.COHDLS—
- Primary alcohol = Aldehyde = Carboxylic Acid -
Cro, Tertiory alcohols do not
RCH, Ol ————=— RCHO undergo oxidation reaction.
pCcC ? Under strong reaction
CH; -CH = CH -CH,0H ———CH, -CH = CH-CHO conditions such as strong
- Secndary alcohol = Ketone-» Carboxylic Acid nuidiing ugents (KMnt)s ) and
elevated temperotures, a
Cro. mixture of carboxylic acids
R-CIER > R-C-RC containing lesser number of
ZPI a1 Eﬂ?ﬂne carbon atoms is formed
G|Dehydrogenstion Of Alcohols- When the
vapours of @ primary or a secondary alcohol RC ]-1501-1.2;} RCHO
are passed over heated copper at S73K
573 K, dehydrogenation takes place,while R —CI R —=2 5 RC-R
tertiary alcohols undergo dehydration. GI-I S73K
o o, O
CH,- ¢ -OH —> CH,-C =CH,
CHs 573K

CHEMICAL PROPERTIES OF PHENOLS-

{A)Electrophilic aromatic
substitution on Benzene

a)Nitration-

ring of Phenol

The ortho and para isomers
tan be separated by steam
 distillation.




o-Nitrophenol is steam
volatile due to
intramolecular hydrogen
bonding but p-nitrophenol|
dose not.

OH OH OH

Dilute HNOy e

tile
> +
o-Nitrophenol NO=
p-Nitrophenol
OH OH
NO,

NOg
2.4, 6-Trinltrophenol

[Picric acid)
(vellow)
b)Halogenation
(Bromination})- OH O OH
When the reaction is B
< = By i OS5
carried out in solvents of — e > +
low polarity such as CHCls 1%
or £5z and at low nooT Mﬂj:__rr
temperature.
H
When phenol is treated H,0 Br, Br
with bromine water. 4 3Br :
Br
(White 2,4.6- Tribromophenol
PPT)
c) Kolbe's reaction
OH ONa OH
OOH
NaOH (1] CE
i) W
2- d
(Salicylic acid)
‘ d) Reimer-Tiemann .
reaction Ot O Na* OH
CHO _, CHO
CHCL, + aq NaOH | @’ H
Salicylaldehyde
e)Reaction with Zn dust- O
4+ Fn —> @ + Zno
Benzene
f)Oxidation- O O
Nz#u,Cr, 0,
LSO,
O
bonzogquinonc
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bonding.

PHYSICAL PROPERTIES OF ETHERS-

# FEthers are polar in nature -due to polarity of C-O bond..

® The miscibility of ethers with water resembles those of alcohols of the same molecular mass,
Both ethoxyethane and butan-1-ol are miscible to almost the same extent due to hydrogen

e FEthers are volatile in nature like Alcohols.

A)Reaction involving
Cleavage of C—0 bond
in ethers.

The order of reactivity
of HX- HI > HBr > HCL.

The cleavage of ethers
takes place with
concentrated HI or HBr
at high temperature.

CHEMICAL REACTION OF ETHERS

R-O-R + HX—> RX + R-OH

R-OH + HX —> R-X + H,0

When primary or secondary both alkyl gp are present .Then the lower alkyl
gp forms alkyl Halide (5,2-Reaction)

R-0-R'+ HX—>R-X + R ~-OH

when one of the alkyl group is a tertiory group, the holide formed is
tertiary halide.

(IZH3 ?1']:1
CHR—(I':—D—CH;; +HI—» CHOH +CH3—(";—I
CH, CH,

It is because in step 2 of the reaction, the depaorture of leaving group
(HO—CHz ) ereates a more stable 3° - carbocation
[(CHz }3 C*], and the reaction Sn1 mechanism.

: B)Reactions of Aniscle.
a) Halogenation

OCH, OCH, OCHs
Br, In Br
Ethanolc acid y
Anisole By
pBomoanisole o-Bromoanisole
(Mzjor) {minor)

Bl




b) Friedel-Crafts QOCH,
reaction—-Both CH, QCH,
Alkylation and CH,
Anhyd, AlC]
Acylation +CH,Cl T,’} -
H,
2-Methoy- d=-Methoxy-
toluene toluene
(Minaor) (Major)
QCH, CH, OCH,
COCH,
O + cH,cocy Anhyd. AIC) : @
OCH,
Ethanoyl 2-Methoxy- 4-Methoxy-
chloride acetophenone acetophenone
[Minor) (Major)
c)Nitration-

OCH,4 OCH, CH,
H,50, 10, i
HNG,
NO;

2-Nitroanisole  4-Nitroanisole
(Minor) (Major)

Mechanism of Chemical Reactions

A)Hydration of
Alkenes-

Step L:

Step 2:

Protonation of alkene to form earbocation by electrophilic
attack of H,0".

H,0 + H' = H,0’
H
7~ N Al Iil + .
Se=c< + QR —C-CC +HY
Nucleophilic attack of water on carbocation.

B Ho

[ . I |
-C-C{ +H0 & —ﬁ:—q—ntu

Step 3: Deprotonation to form an aleohal.

| | 1 :-l-
| + iy ; +

B2




Step 1: Formation of protonated alcohol.

H- :’: 8; qu%ﬂ-g-g-gul

B)Dehydration Hou H H
ofAlcohols at Ethanel Protonated aleohal
Siep 2: Formation of carbocation: It is the slowest step and hence, the
rate determining step of the reaction.
H 5} H H
H-C ¢"‘0’ H 2 H—¢—$+ H,0
H H
Step 3: I“ﬂrmaunn of ethene by elimination of a proton.
H H
b H‘c
B e g e
H H

H I'i S U ——
C)Dehydration
ofAlcohols at . ,!-!
413K () CH;-CH,~O-H + H" — CH-CH,-O-H
(in excess of s >
Alcohol) (if) CH,CH,~ 0" + CH,;-CH,~ 0\1 e CH,CH,—G CH,CH, + H,0

\\____j
H H

iif) CH,CH, 0~ CH,CH,—> CH,CH,-O-CH,CH, + H
H
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IMPORTANCE
= Useful salverms
= Srarting raterials for
avganic synifesis
= Anilseptics. disinfectants
= Polymers, parfumes.
madicines, dyed. elo.

- - -

"ALCOHOLS, PHENOL

AND ETHERS

GENERAL TREND IN
PHYSICAL PROPERTIES

= With increacs in molecular maes
{ for the same homologous serlkes )
Boiflag paint T
Soluteliny inwater §

ALCOHOLS (R—-0H)

PHENOL (Ar—0OH)

ETHERS (R-0-R’)

CLASSIFICATION
(i T Alcohols 1 R-CH,~0H
{ill 2* Alcahols : R,CH-OH

|Llﬂl-'.i 3* Alcahols & R,‘:-nﬁ

4

F e
PREPARATION

(i} From Alkenes (Hydration)
RCH = CH, Mo ROH,-CH,OH
[} From Haloal bamnes (Hydroiysi]

PREPARATION
() Froem Haloarenes [Dow's pfocesi)
C‘H,-:l . MaQH, 813 K. 300 HI‘H‘ l:.l'lt-ﬂhl:
:.,_q-l._au. + HEL —# CH-0OH + Nall
{i#l Frem Benzene Sulphenic Acid
Cyby =500 He0H halon, 613K £y - ONa
CiH;=ONa 4 HCl =0 CHe~0H + NaCl
[} From Cumene [Cumens process)

[ With Acthe Metals
ZROH + Iha —» THONa « Hy T
iy With Hydrogen Halldes
HOH + HE =+ RX # H0
(1) With Phasphonus Halides
ARAH 4 PLly —+ JACI + K PO,
ROH =+ PClLy, —= RCI + POCL; « HO
(v} Esterification
RCOOH + BoH 0= N30, peang o 1,0
(v) Dabvpdration
hetramaleculaer (e H S0, 243 1)
R-CH,~CH,~0H -+ R-CH=CH, + H O
brtarmioiecular {ont, M50, 411 K)
2R0OH —= B—O-R + H0
[} Crulebutiom
1* Alcohol =+ Aldetysde — Carboulic scid
I* Akcohnl =+ Kepons
L 3* Akcohol —= Fhmhﬁr.ﬁmJ

TESTS TO IJI.S-NHGI.I‘ISH
i ¥, 2% 3* Alcohols : Lucos tast
{Comz. HCI # anhyel Zn1)
(1% mo turtsding: 2% trisidty in 5=-10 min
3* lmimeadlate tarbldity)
i 1* Adeohils @ ledofarm hest
CH,—CHIOM}—R e L. .
CHl, (yellow pet) + ROOONs » H,0

v

USES
= Ay palverty |
= Antisepiles frg. ethanal, TO%]
= In pharmacsuticsin, parfumery
A sl frthamel) [
= Mamlachee of esler polymen, slo J

r b

LS

CicH
i —=E o OH C{TH,) o, TGk, 00H
il From Carbonyl Compounds O
R-cho ¥, goon,oH P R e CoH,-OH +
R-co-p' M, b cuow-R' | hyeapiyoilda) (CHy3,E0 |
+ I —
( CHEMICAL PROPERTIES ) CHEMICAL PROPERTIES

() Acidic Neters [weaker thn carbeptic scids)
CUHOM » NaOH =+ CH,ONa « H,0
(Ro reaction with b, CO}
A Electrophilic Subatitution [acivating o pdivecting
& Dromination @ CHOH + 38r, —
2.4 5 tribwrormaphend (whils ppt.) +« IHBr
b Mitration :  CHOH « HNDG e —=
e-nitreghenal + p-nltrophenal + H,D
& Sulphonatian : SHOH & Hy5%0 mmey —=
o~ ard p-hydrosybensenesuiphonic acids
(i) With Mevtral FeCly Solution
Gives violst colour {characteristic test)

PREPARATION
{0} Wiliamson Synthetiz

R—DNa + R—X — R-O-8 + MaX

i} intermolocular Dahydration of Alcohols
groH SN WS0L 4NN L g 5 R+ H,O

L o

.

7 b
PROPERTIES
+ Eitprs am nowtral compounids:
* Lawar sthars are saleble In water.
+ Balling pednis s lewar than liemetls sleahsis
due ta abience of H-bording.

.

CHEMICAL PROPERTIES
(i} Cleavege by Hydrogoen Halldes
R=0=f" + HX — R~% + R'=0H jesce 50

fil} Chemvage by M [hear)
H=0=R" & HI — B=| + B =CiH

(1) Peraxkiaticn

R-D~R" ﬂ. A-O-0-R/

[FPurim e may e snpiouba)

i }

DIFFEREMCE BETWEEN

USES OF PHENOL
» Az astigepie and dicsindeciant
= In e manuisctee of phersilic retins (Baksize)
® h'l-d’ll.-l"wll pu_l.l-:iﬂ-qq.-l]iulhi.
* in preparation of aslisylic acid, picric sci, wic.

ETHERS AND ALCOHOLS
ﬁr L ", ||
DIFFERENCE BETWEEN Froperty Extrara Alcohols ||
FHENOL AND ALCOHOL
" = 1 Meahol Functonal grewp | B-0-F R-Oh
Acidic (formasalts | Mouiral (ro sl ;
Acidiz nature with HagaH) ikl } Hbanding L] Yea
Ramcusn with ~ )
Nllﬂﬂ: Mo resction Mo rmacton failing point oy gty
Wil By, weabier, Cleavage by
Hromdmation while ;“ of Mo pet. H Cleavwd Mok cleaved
2ty liprnp el
Aesctian wilh Rearts to give
FeCl, tesl Wit calaue Ma pober atihii Mo maction vomicha + Hy
okl Mngative Paslitvs for
o st a CH, ~CHIOH) =R | i
l‘ USES OF ETHERS

* g solvents {diethyl sthes, THE, dicomie)

= A3 are=sthetics (historically: disthyl ether)
= ln arganic syniheis o Infermedisies

= In perfumes and flavouring agenia

L

A

-

i :

LS

i
INTERRELATIONSHIP

» Alcchols on debydration ghee ethere
= Phanc cam be convertez to sthers | Wilkemson 3y niheal] by forming phenciide o,
= All three classes cofhin oxygm snd show dilferant macts ks dus (2 dference n stucium

=

B4



QUESTION BANK
SECTION - A (1 MARK)

Q1.0ne mole/L of ethyl acetate on treatment with an excess of LiAlHg in dry ether and subseguent
acidification produces
{a) 1M acetic acid + 1M ethyl alcohol (b) 1M ethyl alecoheol + 1M methyl alcohel

{c) 2M ethyl alcohal {d) 1M of 2-butanol
Q2. Which of the following reagents can not be used to oxidise primary alcohols to aldehydes ?
{a) CrOz in anhydrous medium (b) KMnOq in acidic medium
(e} Pyridiniumchlorochromate [d) Heat in the presence of Cu at 573 K
Q3. |UPAC name of the following compound

CH,—~CH—0CH,

CH,

{a} 1-methoxy-1-methylethane (b) 2-methoxypropane
(e} Z-methoxy-2-methylethane (d) isopropylmethylethe
Q4. Which of the following is the proper method to prepare n-hexane from n-propyl alcohol ?
CH3CH,CH;OH —-E-L-} CH3;CH,CH,Br ‘—{Y—]'} CH;(CH3)aCH;
{(a) (X) = HBr, (Y) > HCN (b) (X) = HBr, (Y) = Na, ether
{c] [X)+ Bra, (Y) = TH3CN (d) (X} = Bra, [Y) 2 KMnO4

Q5.1-Propanol and 2-propanol can be best distinguished by

{a) Oxidation with KMnO; followed by reaction with Fehling solution?

(b} Oxidation with acidic dichromate followed by reaction with Fehling solution.

(c) Oxidation by heating with copper followed by reaction with Fehling solution.

(d) Oxidation with cone. Ha50: followed by reaction with Fehling solution.

Q6. Denatured aleohol (ethanol) is prepared by addition with-

{a)Methanal,CuS0s and Pyridine (b} Ethers, Cu504 and Pyridine

(c) Acetone, CuSO; and Pyridine (d}Benzene and Pyridine

Q7.Which alcohol known as 'wood spirit’, was produced by destructive distillation of wood.
{ajEthanol  (b)Propanol (ciMethanol (d)iso Propyl Alcohals

Q8. Arrange the following compounds in increasing order of boiling point. Propan-1-ol, butan-1-al,

butan-2-ol, pentan-1-ol

{a) Propan-1-ol, butan-2-ol, butan-1-ol, pentan-1-ol

(b) Propan-1-ol, butan-1-ol, butan-2-ol, pentan-1-ol

(c} Pentan-1-ol, butan-2-ol, butan-1-ol, propan-1-ol

(d) Pentan-1-0l, butan-1-ol, butan-2-ol, propan-1-ol

Q9. Mark the correct order of decreasing acid strength of the follawing compounds.

L) & | C3FT CaH i [ o |

i i ol i e
19921 R 1 [ i il C_

— ,_‘1.___, e LI, T e i
M, et g

T} LLER] (e} [el} £
{aje>d>bh>a>c (bib>d>a>c>e
{c)d>e>c>b>a {dje>d>c>b>a

Q10.Tert-butyl methyl ether on heating with 1mol HI gives.
{a) CHal +{CHz)sCOH (b) CHzOH + (CHz)al (¢) CHzl + (CHz):0H (d) None of these
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In these questions (Q11-Q15), a statement of assertion followed by a statement of reason is given.
Chooses the correct 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 but reason is not correct explanation for
assertion.

(c) Assertion is correct statement but reason is wrong statement.

(d) Assertion is wrong statement but reason is correct statement.

Q11. Assertion : Among n-butane, ethoxyethane, 1-propanol and 2-propanol, the increasing order of
boiling points is,1-butanol < 1-propanol <ethoxyethane< n-butane.

Reason: Boiling point increases with increase in molecular mass.

Q12. Assertion : Williamson's synthesis method cannot be used for preparing diphenyl ether.
Reason : Aryl halides do not undergo nucleophilic substitution easily.

Qi3. Assertion: Bromination of phenal does not require the presence of Lewis acid.

Reason: -OH group attached to benzene ring has highly activating effect

Q.14. Assertion (A); The boiling point of ethanol is higher than that of dimethyl ether.

Reason (R): Ethanol molecules are associated through hydrogen bonding whereas in dimethyl ether, it
is not possible.

Qi5. Assertion: Phenol is more reactive than benzene towards electrophilic substitution reaction.
Reason: In the case of phenol, the intermediate carbocation is more resonance stabilized.

Answer leey-

‘Question | 1 2 |3 |4 |5 |6 ’? 8 "é'_ 10 ""ET"H 13 (14 |15
no.

G CICICICICICICIGIE

VERY SHORT ANSWER TYPE QUESTIONS (2 MARKS)
Q1. Arrange each set of compounds in the decreasing order of property indicated
a) Ethanal, 1sopropanal, tertiary butyl alcohol (reactivity towards Lucas reagent)
Hint- reactivity arder -Tertiary > secondary > primary
b) Propan-1-ol, 2,4,6-trinitrophenol, 3-nitrophenol, 3,5-dinitrophenal, phenol, 4-Methyl phenal
{acidic strength)
Hint-electron releasing and electron withdrowing groups.
Q2 Give the structures and IUPAC names of the products expected from the following reaction

oH Na
0OH 0] OH
= COOH
L K:cruju,h‘q NaOH t m{:n,@r DO, oy

- - e
a 2-propaino] b)
Hint-a) oxidation reaction  b) formaotion of Asprin .
Q3 a) in the process of wine making, ripened grapes are crushed so that sugar and enzyme should
come in contact with each other and fermentation should start. What will happen if anaerobic
conditions are not maintained during this process?
Hint -oxidation of alcohol.
b) 2,4, 6-trinitraphenol gives sodium bicarhanate test, why?
Hint-presence of three nitro group showing electron withdrawing effect.

BE



Q4 Give one chemical test each to distinguish between the following pairs of compounds:

(i} Phenal and Benzoic acid (i) Methanol and ethanol.
ijNeutral FeCl; Test —Phenol praduces violet eolour with neutral FeCls only but not Benzoic acid
i) ladoform Test-Ethanol Produces yellow colour with lodine and KOH but not Methanal.

Q5 Alcohol reacts with sodium metal whereas ether.do not.

Hint-presence of active hydrogen.

b) Write the equations involved in the following reaction- Reimer - Tiemann reaction.

Hint-refer chemical reactions of phenal (name reaction)

SHORT ANSWER TYPE QUESTIONS (3 MARKS)

Q1- Predict the products of the following reactions:
) CH, _CH, —CH, —O— CH, + HBr —

OC H,
(111 Gr * HBr —p
L [
(i} +Hs Conc. HyS0,
Conc. H3NG,
Hint- Products are-;

- OC,H, OCH,
R . . +
) CH.CH,CH,OH « CH, Br i @ v CHBr i) gm, ,©/

NO,

Q2.Account for the following: -

{a) PCls reacts with ethanol to form chloroethane. However, with phenol, it does not give
chlorobenzene but gives triphenyl phosphate. Explain.

Hint- 552 mechonism and,partial doubie bond character of the O-H bond.

{b) While separating a mixture of ortho and paranitrophenols by steam distillation, name the isomer
which will be steam volatile. Give reason.

Hint- inter and Intra molecular hydrogen bonding

{c) Why in the Reimer-Tiemann reaction the major product is ortho-substituted?

Hint- intermofecular hydrogen bonding

Q3 A compound A (CaH100) is optically active, on mild oxidation it gives compound B but on vigorous
oxidation it gives compound ¢ The compound 'C’ along with ‘D' are also formed from ‘B’ by reacting
with iodine in the presence of alkali. Deduce the structures of 'A','B','C' and 'D".

Hint-A-alcohol ,B-ketone, C-carboxylic acid ,D-refer iodoform reaction .

Q4 [X] and [Y] are functional isomers of each other with molecular formula C3H=0.

(i) Draw the isomers.

(i) Which compound will have a lower boiling point and why?

Hint- i) alcohof and ether. i} hydrogen bonding

Q5 a) Show how the following alcohols are prepared by reaction with a suitable Grignard reagent on
methanal .

i) Z-methylpropan-1-ol it) CHzCHz0H.

Hint-method of preparotion of alcohol using Grignard reagent .

) You are given a benzene, cone. Hz502 and NaOH. Write the equations for the preparation of phenol
using these reagents

Hint-preparation of phenol.

CASE STUDY BASED QUESTIONS (4 MARKS)

Read the passage carefully and answer the questions.
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Q1.Dehydration of alcohols can lead to the formation of either alkenes ar ethers. This dehydration can
be carried out either with protonic acids such as cone. H2504, HiPOu or catalysts such as anhydrous
InCl; or ALO;When primary alcohols are heated with cone. Hp50; at 433-443 K, they undergo
intramolecular dehydration to form alkenes, Secondary and tertiary aleohols undergo dehydration
under milder conditions. The ease of dehydration of alcohols follows the order: 3° > 2° > 1°. The
dehydration of alcohols always
gccurs in accordance with the Saytzeffs rule. Primary alcohols when heated with pratic acid at 413 K,
gives dialkyl ether.
i) The dehydration of alcohol belongs to which category of reactions?
{a) Substitution reaction (b) Elimination reaction (c) Addition reaction (d) Both (3} and {b)
Ans—{h) Elimination reaction
ii) Why is tertiary alcoho! dehydration the easiest way to dehydrate?
Hint — tertiary carbocotions are more stable
iii} During the dehydration of aleohols to alkenas by heating with concentrated Hz50,, the initiation
step is:
(a) Formation of carbocation  (b) Protonation of aleohaol
(¢} Formation of carbanion (d) Elimination of water.
Ans- (b) Pratonation of alcohol
iv) Why do more substituted alkenes are more stable? (Hint- Refer Saytzeffs rule.)

SECTION —E (5 MARKS]
Q1 Give reasons for the following: -
(a) The usual halogenation of benzene takes place in the presence of a Lewis acid, but In case of
phenol, the reaction takes place even in the absence of Lewis acid.
Hint- activating effect of - OH group.
(b) Pure phenol is 3 colorless solid but why it is converted into pink after some time?
Hint-nxidation of phenol.
(¢} why does ethers possess a dipole moment even if the alkyl radicals in the molecules are identical
Hint -bond polarity and bond angle in ethers .
{d} boiling point of glycol is higher than the alcohol of same molecular mass
Hint- hydrogen bonding
(2]} The Ks for p- nitro hydroxybenzene is 6.9 x107 whereas o-nitro hydroxybenzene is 6.0 x10°
Hint-hydragen bonding between the -0OH group and the nitro group.
02 How would you obtain
i) {a) phenol from benzene (b) acetophenone from phenal {c) ethane-1,2-diol from Ethanol
Hint -o) preparation of phenol; b) Friedel-Crafts acylation reaction.; c) dehydration reaction followed
by addition of Baeyer's reagent
i) Show how would you synthesize the following alcohols from appropriate alkenas?

CH;

a) ar bj
gtﬂl \_/\k\/

Hint- acid cotalyzed hydration of appropriate alkene
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UNIT-8: ALDEHYDES, KETONES AND CARBOXYLIC ACIDS (8 Marks)

[ Aldehydes and Ketones: Nomenciature, 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 chemica! properties; uses. |

Key Concepts
Nature of Carbonyl Group

The electronegativity of oxygen is much higher than that of the carbon,
so their electron cloud is shifted towards the oxygen. Therefore, C—0 bond is palar in nature .

B B
;L=Ft'14—b e o T
R R.’/
mw
V. %
;ﬂ'-_hﬂ—t;q:.!ﬂ: ;‘__ﬂ—n kg _?%n
. ol ™ -

structure of carboanyl growups

Nemenciature

(i) Nomenclature of Aldehydes IUPAC system, the suffix e’ of alkane is replaced by the suffix al’. e.g.
Compound Common name IUPAC name

HCHO Formaldehyde Methanal

CH3CHO Acetaldehyde Ethanal

(i) Nemenclature of ketones IUPAC system, the suffix “e” of alkane is replaced by “one’. e.g.
Compound Common name IUPAC name

H3CCOCH; Dimethyl ketone (acetone] Propanone

HaCCOC:Hs Ethyl methyl ketane Butanone

{iii) Nomenclature of carboxylic acids IUPAC system, the suffix "e” of alkane is replaced by “oic’acid.
e.g.

Compound Common name IUPAC name

HCOOH Formic acid Methanoic acid

H3CCOOH Acetic acid Ethaneoic acid

CH3(CH2)2COOH  Butyric acid Butanoic acid

Reactivity of aldehyde and Ketones :
HCHO > RCHO > RCOR > RCOOR > RCONH;.

Phyzical Properties of Aldehydes and Ketones

1. Methanal (HCHO) is a gas at room temperature, and its 40% agueous solution is known as formalin,
which is used to preserve biological specimens ..

2. Ethanal (CH3CHO)

It is a volatile liquid. Other aldehydes and ketones are liquid or solid at room temperature.

The boiling points of aldehydes and ketones are higher than hydrocarbons and ethers of comparable
molecular mass due to high magnitude of dipole-dipale interactions.

Aldehydes and ketones have lower boiling point than those of alcohaols of similar molecular masses due
to absence of intermolecular hydrogen bonding.



% The lower members of aldehydes and ketones are miscible with water due to the formation of hydrogen
bond with water. However, the solubility decreases with increase in length of alkyl chain.

% Acetophenone is a hypnotic (sleep producing drug) so used as a medicine under the name hypnone.

Preparation of Aldehydes :

a. Dehydrogenation of primary slcohols

b. Controlled oxidation of primary alcohols.

c. Controlled and selective reduction of acyl halides Aromatic aldehydes can be prepared by-

(1) Oxidation of toluene with chromyl chloride ar CrOz in the presence of acetic anhydride

(i) Farmylation of arenes with carbon moenoxide and Hydrochloric acid in the presence of anhydrous
aluminium chloride / Cuprous chloride

(i}  Hydrolysis of benzal chloride

“+ Preparation of Ketones :
a. oxidation of secondary alcohols b. Hydration of alkenes
¢. Reaction acyl chlorides with dialkylcadmium d. By friedel crafts reaction

4 Preparation of Carboxylic acids :
a. oxidation of primary alcohols, aldehydes and alkenes b. hydrolysis of nitriles

c. Treatment of grignard reagent with carbon dioxide.

< IMPORTANT NAMED REAC'I'IDNS

ROSENMUND H,

; S ———
REDUCTION: .JL.C Pd- BESD .}I\

2. STEPHEN REACTION | RCN + 5nClz + HCl RCH=NH H 30+ — RCHO

3. ETARD REACTION:

CH, CH[OCrOHCL), " CHO
@l + Crool, ——=s @l RO, @’

Taluene Chromium complex Benzaldehycle

This reaction 1% called Etard renctlon,

4. CLEMMENSEN

REDUCTION >C=0 Zn-Hg/HC >CHZ_+ H20
| 5. WOLFF-KISHNER NH .
REDUCTION =0 ———=C=NNH: KOH/ethylene glycol /Ha0  >CH2+ N2

6. ALDOL CONDENSATION
Aldehydes and ketones having at least one a-hydrogen condense in the presence of dilute alkali as
catalyst to form B-hydroxyaldehydes (aldol) or B-hydroxy ketones (ketol). The reaction is given below:
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dil. NaGH

2 CHCHO CH,CH-CH.-CHO HLO} CH.-CH=CH-CHO
Ty
Ethanal {I}H But-2-enal
3-Hydroxybutanal {Aldol condensation
[(Aldnl) product)
CH, CH,
BalOH], A '
2CH,-CO-CH, !‘L'.:I'I.,-!!|3-'E.‘.H,l£1'[‘.i-'£'3Hu ﬁ CH,-C=CH-CO-CH,
Propanone OH 4-Methylpent-3-en-2-one
[Ketol) (Aldol condensation
4-Hydroxy-4-methylpentan-2-one product)

7. CROSS- ALDOL CONDENSATION
When aldal condensation is carried out between two different aldehydes and / or ketones, a mixture
of self and cross-aldol products are obtained.

CH,—CHO + CH,CH.CHO — "%, CH,CH=CH—CHO + CH;CH,CH=C—CHO
" (i) A but-2 enal ]
CH,
2 mothylpent-2enal

8.CANNIZZARO REACTION {self aldol prodwets)

Aldehydes which do not have an a-hydrogen atom, undergo self oxidation and reduction

{dispropotionation) reaction on treatment with concentrated alkaii,to yield carboxylioc acid salt and an
alcohol respectively.

H-CHO + H-CHO + Cone KOH

CH:OH + HCOOK

Formaldehyde Methanol Polassium Formalte
{ () )CHO + NaOH (conc) ——— CsHsCH20H +  CsHsCOONa
Benzaldehyde BenzylAlcohol Sodwm benzoate

ADDITION OF AMMONIA AND ITS DERIVATIVES:

o1



N/

—OH

0
I
—NH—C—NH,

+ H,N-Z

NO,

OH
N c/

Reagent name

Ammonla

Amine

Hydroxylamine

Hydrazine

Phenylhydrazine

2.4-Dinitrophenyl-
hydrazine

Semicarbazide

h— ::C =N-Z + HO

Carbonyl derivative

>c:1~m

>E=N-NH —C—NH,

Product name

Imine

Substtuled imine
(Schiff's base)

Oxime

Hydrazone

Phenylhydrazone

2.4 Dinftrophenyl-
hydrazone

Semlcarbazone

CARBOXYLIC ACID: (R-COQH)

Acidic Nature of Carboxylic Acids

In carboxylate ion —ve charge is delocalized on two electronegative O-atoms hence shows resonance
which indicate that CO group is not a true carbonyl group in carboxylic acids.
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FACTORS AFFECTING ACIDIC STRENGTH §

OF CARBOXYLIC ACIDS e i

R—COOH — R—COO + W’

The acidic strength of carboxylic acids depends on the 0 o
stability of the carbaxylate ion (RCOOQ"). R—C_  +— R—C_
Q 0
1. INDUCTIVE EFFECT 2. RESONANCE EFFECT 3. POSITION OF 4. NUMBER OF
(=1 and +! Effect) (-R and +R Effect) SUBSTITUENT ELEC ?ﬂ'-“ri_ ﬁaﬁﬁﬂﬁﬂwmﬁ
| L RLE ™ B
Electron withdrwing groups Elzctron withdawng groups The nearer the electron
=] (1) crease acidity by =R (-R) increuse acidity by withdrawing group to The mare the number of
stabilising the carbanylate jon detocalising the negotive ~COOM group, the sloctron withdrawing
m charge through resonence. stronger is the acid groups, the stronjger ks
[ TREND ] the aesd.
CCl,CO0H > Ci,CHCOOH » p-NO,C,H,CO0H > CH, CICOOH > m’
o s e Sk oo CH ECH,EH, COOH SRlaCoeh»
Ly 2 ik | CHCIL,COOH »
Electron relassing groups -3 & L <
4] (1) decraase acidity by +R mt:f*:;:‘x COOH C'L;:igggn
destabilising the cartonyiats ko, intvasiing ol Sunalty 1 2 o-Substituted 3
on ~COO" proup » m-Subntituted Mare | groups
HCOOH > CH,CO0H » P 3 5 p-Sobitituted > mote stability of
C,H;COO0H > (CH,),CCO0H p+OCH,C,H,COOH < ¥ SHTSEY -

C H COOH = higher acidity

b

! *
G- BGR nd  Stability of the carboxylate ion (RCOO ) increases = acidity increases.
R"'h Any factor that stabilises RCOO ™ increases acidity, and vice versa.

PREPRATION OF CARBOXYLIC ACID

4 = i + =
R-CN “Hor OH R "—NT—IRM} ROOOH
H.O PN
+
H:LD
CH.,CONH.; s CH.COOH + NH,
Ethanamide Ethanoic acid
: CONH, -+ COOH
H.O

e

Benzamide Benzoic acid
REACTIONS OF CARBOXYLIC ACID:
1. HELL-VOLHARD- ' _ (i) X,/Red phosphorus ]

- = 3 > R- 00
ZELINSKY REACTION el — (i) H.O = 11|:H S—
(HVZ) X
X=10_C1, Br
- Halucarbmgrhc actd
2. ESTERIFICATION RCOOH + R'OH H™ = RCOGOR + H:0
Carboxylicacid  alcohol
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3. DECAREBOXYLATION

R-COONa

NaOH & CaO
Heat

» R-H + Na,CO,

sodalime=NaOH and Ca0 inthe ratinaf 3: 1

REACTIONS OF BENZOIC ACID
COOH
B‘I"-:
FeBrs ijl\ + HBr
{bromination) Br
S-bromobonzoic acid
COOH COOH
HNO3 (conc.) =
1'1230 {-ﬂb{ll,'_i_
(nit-ﬂ:!;ion} NOy
d-nitrobenzoic acid
COOH
conc. HaeS0,
(aulphonation) + HzO
S503H

DISTINCTION OF ORGANIC PAIRS
Distinguish between :-

A-suiphobenazoic ncwd

Alcohol Phenol
[ It does not give FeCls test it gives neutral Fe(ls (violet) test
| Benzaldehyde Acetophenone

It give Fehling’s solution test
and Tollens reagent test

and Tollens reagent test

Acetic acid

Formic acid

it doesn't zives tollen's reagent
and fehling's solution test

it gives tollen's test
and fehling's solution test

| Ethanal Propanal
It gives iodaform test it doesn't give iodoform test
Prapanocl Ethanol

it doesn't give iodaform test

It gives iodoform test

Pentan-2-one

Pentan-3-one

Tt gives iodofarm test

1t doesn't gives iodoform

g Benzoic acid

Benzene

On adding NaHCO; effervescence of
. COz produced

No effervescence obtained

Note: Learn properly since one guestion on distinguish between arganic pairs is ask

g4
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Unit-B
[ ALDEHYDES, KETOMES AND CARBOXYLIC ACIDS ]

¥
¥
ALDEHYDES i NATURE OF i KETONES
(R=CHO) . CARBONYL GROUP ol  IR-LD-RY
~CHD group attached to “ =0 group attsched 16
at feast'one Fl atom, =0 Twao carbon aioms:
Polzr due to differanoe:
In eletraresativity,

MOMENCLATURE Cartigyt “’*I”“ = NOMENCLATURE
IUPALC: Rupince -0 of alkams h Hectrop il e IPALC: Replarer o of alkane
with —al with =one,

Commuon: wl derivatives v Comman: Mamed o slkyliaryl
R CHO = Alkyliary! + aldehydis } PHYSICAL PRIJPERTIES 1 lostned B-CO--H
¥ " e Lowesr mambior are sofulile in woalss K *
PREPARATION {clue e H-bonding with water). PREPARATION
1. From Allkaness & Salubifity decreasen with merease in . o | 1 Foom Alksnes
o c.l_:l'lh'idld nwldation m?luulur rrass. — Ozonolyais (oxiditive)
2 From Alkenes * Balling pelnts higher thai 3 From Alcohoks
— Creomlysis (rechactive) Prydrocarbans but lawer than — 1" alcohals — Ketonns
1 From Alcohal corresponding alcahals: (CHD L H* or PCC)
— 1° alcobmnls — Aldehydes (PO « Hath are coiturles, hovs | 3 From Acyl Chiorides
EUSTH K ot rild oxddbslng) ehiracteristlc odour I = With Giman raggent
4, From Acyl Chiorides - £ - IRy Zuls)
= Rozenmund mduction 4, From Esters
&, From Estors [ CHEMICAL PROPERTIES — With Grignand reagent
— DNBAL—H Feductian o D o1 polar carbony| (=€ =0) B (RMpX)
r i, ' 5, From Mitriles
/ I . = ROM + RMgX — Kishane
% ', 3 4
REACTIONS OF ALDEHYDES [ HEACTIONS OF KETONES
I Muclpaphilic Additinn 1. Mucleophilie Addition
- Man;,c- ?aﬁg:ﬂ“mmpmm INTERCONVERSION — HEN —= Cyanohytrin
— Bicahols (1) — Hemlaestal — Aceral - Coulaln — N.lH‘S-(L!; —-f.d:r:llllm carmgisind
— My and 17 amines — lmine (Schiff base) P Mlophel ——— "Aihyde — Alcehols (H*)— Ketal
X — MM, and 17 amines — Imine
— Mlld caxldising agents: RCHOD — REOOH P 2 Reductlon

= Hi/N| or MalH, == 2" Alcohal
= Clemrnereaen radution

{Tollens’, Fehling’s, Benedict's)

— Strong owidising 2gents: ROHO — RCOOH <l byl Aeid p

A Cheldatien
2- Oridution O 2 dohal ——  Ketane
i
]

oo Bliibipel St

. '-”.‘";?: KryOy, HNOH) ! 1 | = Woitt-Kishner recuction —= Alkang
3 Roeduct "
— Ha/Nl or NaBH, — RCHEH c fis el TEEIL e dloabl 3 (No oxidation with mild axidising
— Clemmmansan redustion: ‘Th:w r: agienla] Urades stropg cohditiona,
— Walll—Kishner reduction — RCH; | C—C bond cleavage may oocur,
i 1 e Senif bises s L z H"n.lu-un mm CHIy + Carbdiglat
 Aldo| condensation {seHiwith orher) | (i mnducton) = f&:i R e, o ;"'
— Canniezar feattlan ho &-H atam) ¥ byl ko 1
& Haloform Resction 5 Cumdersition Reactions
= With Iy/MaM -« THI, o Carboxyinte = Aldol condensation (il fwith other}
[for CH EHD ard e patends, having — Claksen—Schimidt condeniation
LHZC0— group) J [with nromatic aldahydes)
Alletryeiees M CARBOXYLIC ACIDS (R-C00i T {rrvethyl )
| foidatiom | Ot by oxidation of sldehydes wntones] (orfation)
- 2 wrid somie hetones, e
FREPARATICNN I INECIRTANT REACTIONS
1. Creidaion n; 1 akcohels, aldehysles 2 ;T““'”m 1, Esterification _
2. Hydrolysiz of nitrlss = Physical; Higher members are 3. Foemation of Acid Chierides (SOCI /Pl |
3. Hydrolysis of estem T 7| imolubleln wate, havehigh Bip. T 3, Formation af Amides (NH;)
*, Guimuﬁlltwnnl‘ﬁrlﬂrd feagents o Ak Ml Sk Ay i, 4 Resductinn —= 1% Aleahals (LA
5 By Hulht;eh:uqiym mettod st carbanatis, Hrdrrrcatbnive 5, Decarbosylation (Soda lime)
(= SEdy « Farmation of esters, amides acid b HWE Reacthon |s-halogenition)
chlorides, anhydrides.
’ e ‘
LISES

" MMI"L!B:.. Fm'ndd.:lﬂlﬂu {dﬂ.n{n:l.l.nL, e ], Ben.:.l.l.ldchpr]b 1”ﬂJmLﬂ1ﬂu apwnt), K.e::l'.uldu.hyhh {rrearsifactire
of ucetsc acid, perfumas),
« Metones: Adetone [wolvent), Methyd ethyl ketone (aalvent]. Used in manalactens of diogs perfumes, polymei

— ¢ INtBroprenkn A= Alkyl group e = Pyrichimen chlorochromate
interralaton R = Alkyl{Aryd group CHBAL=H = Déusbutylsluminium hydride

!
£
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SECTION -A (1 MARK)

1 In the reaction of NaOBr with amide, the carbonyl carbon is lost as ;
(AJHCOsx B) CO:* (C) cCo: (D) coO
2 . Predict the acid which cannot be prepared by Grignard reagent:
(a) Acetic acid (b) Succinic acid (c) Farmicacid  (d) All of the abave

3. Which is highly seluble in water:

{a) Methanal (b} Propanal {¢) Propanone {d) Butanone

4. Benzaldehyde reacts with ethanoic KCN to give product :

(a) CsHsCH{OH)CN (b) CsH=CH{OH)COCsH=

(c} CeHsCH(OH)COOH {d) CsH=CH(OH)CHOHCsHs

5. Name the compound not responding to the lodoform test :

{a) 2-Pentanone (b) Ethanol [c) Ethanal (d) 3-Pentanone

6. Precipitate produced when acetaldehyde is heated with Fehling's solution :

(a) Cu {b) CuO (c) Cuz0 (d) Cu(OH}2

7. Test used to distinguished between Aldehydes and ketones would be:

{a) Lucas test (b) Tollen’s test (c) KMnOa solution (Baeyer's test) (d) None of these
8. Name the compound called Imine derivatives of aldehyde and ketones :

{a) Schiff's reagent (b) Fehling’s reagent (c} Schiff's base (d) Schiff's acid

9.Predict the pair of compounds will undergo Aldol and Cannizzaro reaction respectively :

(i) acetone; benzaldehyde (il) acetaldehyde; butan—2-one

(iil) propanone; farmaldehyde. (iv) cyclopentanone, benzaldehyde :

{a) (i) and (i) (b)) (i) and (iii) {c) (i), {iii) and (iv) {d) (1ii) and {iv)

10. Carboxylic acids are more acidic than phenal and alcohol due to :

(&) intermalecular hydrogen bonding (b) farmation of dimers

(2) highly acidic hydrogen (d) resonance stabilization of their conjugate base

ASSERTION-REASON TYPE QUESTIONS
Directions : Each of these questions contain two statements, Assertion and Reason. Each of these
guestions alse has four alternative choicas, only one of which is the correct answer.

You have to select one of the cades (a), (b), (¢] and (d) given below:

(a) Assertion Is carrect, reason 1s correct; reason s a correct explanation for assertion.

(b) Assertion is correct, reason is correct; reason is not a correct explanation for assertion

(c} Assertion is correct, reason iS incorrect

(d) Assertion is incorrect, reason is correct.
11. Assertion:The bailing points of aldehydes and ketones are higher than hydrocarbons and ethers of
camparable molecular masses.

Reason: There is a weak molecular association in aldehydes and ketones arising out of the dipole-dipole
interactions.

12. Assertion: Formaldehyde is a planar molecule.

Reason: It contains sp” hybridised carbon atom.

13. Assertion: Compounds containing —CHO group are easily oxidised to corresponding carboxylic
acids.

Reason: Carboxylic acids can be reduced to alcohols by treatment with LIAIHa

14, Assertion: The molecular mass of acetic acid in benzene is 120 instead of 60.
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Reason: The carboxylic acids exist as cyclic dimers in which the two maolecules of the acid are held

together by two strang hydrogen bonds

15 Assertion: The pK; of acetic acid is lower than that of phenol.

Reason: Phenoxide ion is more resonance stabilized than acetate ion.

ANSWER KEY for MCQ
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SECTION—B [ 02 Marks Each]

. Arrange the fallowing compounds in increasing arder of their boiling points.

CHaCHO, CH:CH;0H, CH;0CHs, CHiCHCH,
[Hint: is given by: CHsCH=CHs < CH30CHz < CH:CHO < CHsCH>0H ]
. Arrange the following compounds in increasing order of their reactivity in nucleophilic addition
reactions.
{i} Ethanal, Prapanal, Propanone, Butanone.
(i1} Benzaldehyde, p-Tolualdehyde, p-Nitrobenzaldehyde, Acetophenane.
[Hint: Consider steric effect and Inductive effect.:
(i) Butanone < Propanone < Propanol < Ethonal
(i) Acetophenone < p-Tolualdehyde < Benzaldehyde < p-Nitrobenzaldehyde |
3 . Give the IUPAC names of the following compounds: (i) PhCHzCH2C00H
{1} (CH2}2C=CHCOOH
[Hint: (i) 3-Phenylpropanoic acid (i) 3-Methylbut-2-enoic aeid]
4, Predict the product of the following reactions::

O
1]

C
) T ey Anhyd. AIC,
@ vewl e A

W (CHLCEL), Od + 2 CH, COCL —>

Hint:

_c,H,
0] @ JL\ =t + HCI
c,Hs ¢

Benzrene Propanayl chlonde

I
Dry CH>—C—CH;
(i) (CgHsCH,),Cd + zcl-l,—(g—m —_— z@’ + CdCl,
Dibenzyl cadmium Acetyl chloride 1-Pheayropas-2-a0

Draw the structures of the following compounds:
{i} 2-Hydroxycyclopentane carbaldehyde (i) 4-Fluoroacetophenaone

Q
. ]
Hint: Q—mn F—(L_}}—l!lﬂﬁﬂi
SECTION =C [03 Marks Each] | -
How will you convert ethanal OH into the following
compounds:
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(i) Butane-1,3-diol (i) But-2-enal {iii) But-2-enoic acid
[Hint: (i) On tréeatment with difute alkali, ethanal produces 3-hydroxybutanal gives butane-1, 3 diol on
reduction. (i) On treatment with dilute alkali, ethanal gives 3-hydroxybutanal which on heating
produces but-Z-enal, (iii) When treated with Tollen’s reagent, But-2-enal produced in the above
reaction produces but-Z-enoic acid]
Note: try to draw the structure of all the compounds invalved in these reactions

2. Give simple chemical tests to distinguish between the following pairs of compounds:
(i) Methanal and Ethanol
(i1} Banzaldehyde and Formic acid
(iii) Phenol and Benzoic acid
[Hint: As per the text summary]

3. How will you bring about the following conversions in not more than two steps: (i) Propanone to
Prapene (ii) Benzoic acid to Benzaldehyde (iii} Ethanol to 3-Hydroxybutanal

[Hint: (0
L4 Oi
I NaliH, | cone Has0,
Clly—C— Oy —— CHy— CH— CHy ————= 0l — CH=ClI;
Prapens
(if)
CooH cocd fl. HO
bﬂf Is H-
Ta-ns0,
Binsose neid BLI‘.I.'.'."IM-L‘h_\"I:In.!
OH
(iii) I
CHyCHOH-S1: 573K, ccho %ﬁ?“- CHs—CH — CHaCHO
Ethanol Elhanal  Condensation 3 - Hydroxybutanal

4. Complete each synthesis by giving missing starting material, reagent or products:
CH.CH,

cro
a0~
ﬁ]<:::>_ ) " KOH. heat G

Hint:
T
G m- H-50: C>=ﬂ ©} l-.MnD. dm"
RO, best
Cyrlahexanod ) EvlBanzens
(i) (i)
ﬂ
X
[:::J . ﬂ:::]”L Anhyd AICH
Fl:“ acylation @I \©
Berueng
chioride
5. iii Account
for ( } the
following:
(i) Cyclohexanone forms cyanchydrin in good yield but 2, 2, 6 trimethyleyelohexanone does not.
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(ii) There are two —NH: groups in semicarbazide. However, only one is invalved in the formation
of semicarbazones.

(i) During the preparation of esters from a carboxylic acid and an alcohol in the presence of an
acid catalyst, the water or the ester should be removed as soon as it is formed.

[Hint: (i) Methyl groups at a-positians effer steric hindrances and as a result, CN— cannet attack
effectively in later case

(ii} The electron density on one of the —NH:z group involved in the resonance decreases. As a result, it
connot act as a nucleophifz.

fiii) Ester along with water is formed reversibly, therefore, to shift the equilibrium in the forward
direction i.e., ta produce more ester, either of the two should be removed.

SECTION — D CASE BASED STUDY QUESTIONS [04 MARKS]

1. Read the passage carefully and answer the questions that follow. [1+1+2]
The following guestions are case-based guestions Aldehydes and ketones having at least one methyl
group linked to the carbonyl carbon atom (methyl ketones) are oxidised to sodium salts of
corresponding carboxylic acids having one carbon atom less than that of carbonyl compound. The
methyl grougp is converted to haloform. This oxidation does not affect a carbon-carbon double bond, if
present in the molecule: An aromatic organic compound 'A" with molecular formula CeHaO  gives
positive DNP and iodoform tests. It neither reduces Tollens' reagent nor does it decolourise bromine
water.

An aromatic organic compound 'A" with molecular formula C gHeO gives positive DNP and
iodaform tests. It neither reduces Tollens’ reagent nor does it decolourise bromine water.
(i) (CH3z}sC-CHO does not undergo aldol condensation,
(ii) Benzoic acid does not give Friedel craft reaction.
(iii) Sodium bisulphite is used for purification of ketones and aldehydes
[Hint; (i) Due to unavailability of a-hydrogen in the given compound it does not undergo aldol
condensation.
(i) Catalyst AlCIz is a Lewis acid that gets bonded to the carbaxyl group making it less reactive.
(iii) Due to formation of addition compound with NoHCOz whereas impurities do not.

SECTIOM —E [05 MARKS EACH]
1.(a3) How will you bring about the following conversions: 2026
{l)Bromobenzene to 1-phenylethanal
(ll}Benzene to m-nitroacetophenone
{IIl)An arganic compound with the molecular formula CBHEO forms 2.4-DNP derivative,
reduces Tollens’ reagent and undergoes Cannizzaro reaction. On vigorous oxidation
with acidic or alkaline KMn0O4 it gives Benzene-1,2-dicarboxylic acid. Identify the
compound and write the products when it undergoes Cannizzaro reaction.
(IV}Arrange the follawing compounds in increasing order of their acid strength -
CoHLHCO0H, O2ZN—CH2 —CO0H, CF3—CDOH, HCOOH 2+2+1=5
OR
(b) (i) Write the products formed when benzaldehyde reacts with the following reagents :
(1)2,4-Dinitrophenylhydrazing
{Il} Acetophenone in the presence of dilute NaOH followed by heating
(i) Give reasons for the following :
(l}Benzoic acid does not undergo Friedel-Crafts reaction.
(1) Carboxylic acids have higher boiling point than alcohols of comparable
molecular mass.
(i) Write simple chemical test to distinguish between propanal and propancne. 2+2+41=5
ANS. (a) Conversions
(1] Bromobenzene ta 1-Phenylethanol




CeH5Br —{Mg/ether)-> CsHaMg8r —(CH:CHO}—> CeH=CH(OMgBr)CHz —(H10")—> CeHsCH{OH)CH:
(ll) Benzene to m-Nitroacetophenone
CsHs —{CHzCOCI/AICIs)—> CsH5COCH: —(conc. HNO3/H504)—> m-NQ:zCsH:COCH=
{1ll) identification of compound
Given:
» Molecular formula = CoH:0, Gives 2,4-DNP test, Reduces Tollens” reggent, Undergoes Cannizzaoro
reaction, Oxidation gives benzene-1,2-dicarboxylic acid
Compound: o-Methyl benzaldehyde (2-methylbenzaldehyde}
2. An organic compound A, having the formula CzHs0, on treatment with copper at 573 Kgives B. B
does not reduce Fehling's solution but gives a yellow precipitate of the compound C with |2/ NaOH.
Deduce the structures of A, B, and C. Also write the respective chemical reactions.

Hint: (A) Compound A: Propen -2-of |Cslls0)
(B) Compound B: F’.n:rpr:nna::uraE-_Er 'HyCOCH3)
(C) Compound C: fodoform | H 11)

Reactions: (i) Calls0 SN CHy — €O/~ CH,

(i)CHsCOCHy + 312 + ANaOH — CHyC OO — Na+ CHIy + 3Nal + 3H;0
2022 TERM || ONLY DESCRIPTIVE TYPE QUESTIONS DUE TO COVID -19)
Q1. Predict the reagent for carrying out the following transformations (Any Two)
(i) Benzoyl chloride to Benzaldehyde
Reagent: H2 / Pd-Ba504 (Rosenmund Reduction)

(1) Ethanal to 3-hydroxybutanal

Reagent: Dilute NaOH (Aldol condensation)

(iii) Ethanoic acid to 2-chloroethanoic acid

Reagent: CI2 / Red phosphorus (HVZ Reaction)

{a) What happens when:

(i) Propanone is treated with CH3MgBr and then hydrolysed?
Reaction:

CH3COCH3 + CH3MgBr — (Hydrolysis) = (CH3)3COH
Product formed: tert-Buty! alcohol (2-methylpropan-2-o/)
(i) Ethanal is treated with excess ethanol and acid?
Reaction: CH3CHO + 2C2H50H - CH3CH[OC2H5)2 + H20
Product formed: Acetal (1, 1-diethoxyethane)

(iif) Methanal undergoes Cannizzaro reaction?

Rearction

ZHCHO + NaOH — CH30H +HCOONg

Products formed:

= Methonol

= Sodium formate

R

(b) Write the main product in the following reactions:

(i) 2CH3COC + (CH3)2Cd — CH3COCH3 (Product: Propanone fAcetone)
(ii) CH3CH2CHO --{Zn(Hg)/conc. HCl)—> CH3CH2CH3
Product: Prapane

(iii) CEH13CO0Na + NaOH/Ca0, Heat = C6H14 ( Hexone)

UNIT-9 : AMINES (6 Marks)

Amines: Nomenclature, classification, structure, methods of preparation, physical and chemical propertles,
uses, identification of primary, secandary and tertiary amines.
Diazonium salts: Preparation, chemical reactions and importance in synthetic organic chemistry.

Key Concepts
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1. Amines are alkyl / aryl derivatives of ammaonia. In amines nitrogen atom is sp” hybridized and contains
one lone pair.

2. Amines can be classified as 1%, 2% and 3° based on the number of hydrogen atom present on nitrogen.

1% Armine 2% Amine 37 Arnine
R_,.--T*-.._H Ri--"""' """"--.H R.---"J "‘---,H.
H R R’
CH3-NHz= Methanamine CH3-NH- CH; ) {CHs)aN
CH3-CH-CHs N-methylmethananvine N,N-dimethylmethanamine
NH:  propan-2-amine |

> PREPRATION OF AMINES
1. Reduction of Nitro compound

NO, NH,
gives aliphatic and aromatic amines (0 TER H/Pd 5 '
(reducing agent Sn/HC, Fe/HC) Ethanol

Reduction with Fe/HCl is preferred as NO, Sn+HCI NH,
Fellz is formed during reduction get i e
2 Lrng Leuon g (i) @ ar FetsHCI @

hydrolyzed to release HCI

[ 2. Ammonolysis of alkyl halides: - - s o
IReagent: Ethanalic solution of RNH. RX RNH —= RN —> RNX
ammania.

*a‘fﬁ.!ky! hailde is in excess the major

product is 4° ammaonium salt, if ammonia is | Disadvantage: Mixture of 1°,2° & 3° amines formed
in excess primary amine is major product.

{Fuaternary

(1°) 127 (=) ammoricom salt

3. Reductmn of nitriles

Reducing agents: - R—CN (H;/Nior Na(Hg)/C-HsOH — R-CH:NH:z
LiAlHs, Hz/Ni, Na/C:H:0H
4. By the reduction of amides CH3CONH: +{LiAlH; +H:0) = CH3CHaNH;

i5. Hoffmann bromamide Reaction: An | R— CONHz + Brz+4NaOH = R — NHz + NazC0z + 2NaBr +
amide is heated with Bromine in ag. 2H20

solution of NaOH/KOH gives primary | CsHs-CONHa Br2+ OH—  (sHs-NH:

amine.
6. Gabriel phthalimide synthesis: |
Only primary aliphatic amines are ?
prepared by this method, primary O:?N WO, %ﬁ'u CCE'}
aromatic amine cannot be prepared

because aryl halides da not underge Phijtsbenide N- MM

substitution reaction, g ?
G &
Nog lOHig) O:“ﬁ_""" « B <My
- T -
; { 1 amipms)
L¥]
o
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PHYSICAL PROPERTIES: (i) Primary amines are water soluble a¢ H-bonding follows 1%> 2939,
(i) The order of boiling points of isomeric amines is as follows:
Primary = Secondary > Tertiary (Directly depends on the extent of hydrogen bonding)
CHEMICAL PROPERTIES:

1. Basic Nature- Amines are basic in nature, it accepts proton from an aad.

3%=2%-1%NH3( Basic nature in gaseous phasa)

2%53%1"NH;( Basic nature of ethyl substituted amines in aqueous phase)
(C2Hs)aNH > [C2Hs)sN > C2HsNHz > NHa

2%=193%=NH3(Basic nature of Methyl substituted amines in agueous phase)
[CHz)=NH > CH3NHz = (CHa)sN = NHs

Aniline is weaker base than ammonia ( Its pKs value is large, lone pair of electrons are involved
in resonance)
2. Acetylation: Replacement of H-atam from —NHz or >NH by Acid chloride, anhydride and esters to
give N-substituted amide. (CzHs}:NH + CHsCOCl CHaCON(CzHs)z + HTI
3. Reaction with Nitrous acid: Forms aliphatic diazonium salts which being unstable, liberate
nitrogen gas gquantitatively and alcohols after reacting with water

R-NHz + HNOz (NaNOz+ HCl) [R-NZCT]  H20 — R-OH +Nz+HCI
4. Reaction with Hinesbherg reagent{CeHs50,Cl): (Test for 1%,2%, and 3" amines)

a. 1%mine forms a3 salt which is soluble in alkali

R-NH; + CsHs-80:00 —HCl — GsHsSO-NH-R NaOH — [CHsSO-NR]Na® (water
soluble)

b. 2%amine forms a salt which is insoluble in alkali
R:NH+ CsHs-50:00 —HC! — CeHs-50:-NR NalH — NoReoction (wofer insoluble)

¢. 3%amine do not react with Hinsberg reagent
R:NH + CGsHs-50:C1  No Reaction

5. Carbylamine reaction: (i) Primary oliphatic and aromatic amine reacts with chloroform and KOH to

form alkyl/aryl isocyanides(fou! smell compound).
R-NH;+ CHCOlI:+3K0OH  R-NC + 3KCI + 3H;0
*Used as distinguish test for primary amine from secondary and tertiary amine
6. REACTIONS OF ANILINE

Electrophilic Substitution:
—NH; group is ortheo and para directing and a powerful activating group.
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i "
I NI, NH.

C:'I H, ﬁH g : il =
& ~ L =

Bramination: Aniline reacts with bromine water at room temperature to give a white precipitate of
2,4 b-tribromoaniline.

ot

NH,

+3Br, SWILO + B3HBr

Aniline

2,4.5:—Tnhmmnan]ﬂne : e
To prepare mono- substituted aniline

derivative, the activating effect of —-NH; group is controlled by protecting the -NH; group by acetylation
with acetic anhydride, then carrying out the desired substitution followed by hydrolysis of the substituted
amide to the substituted amine.

U C‘!
MH, H—N—[ —CH, I[—-'— —=CH, NH.

(CH, 00 lIl]'II or H
@ I‘vr]d.me @ CH,; CDOE @ ©
Aniline N-Phenylet hanamide mﬂ'a_]nr] 4-Bromoaniline

[Acetanilice)

Nitration- Direct nitration of aniline yields tarry oxidation products in addition to the nitro derivatives.

NH,

1 NH, NH. NH.
. NC
HNO, HSO, 288K T .
NO,

[31%0) (4749 (2%

Note-In presence of HNO= & H:50: aocids, most af aniline gels protonated to form anilinium ion. The —NH;
group in aniline is o, p-directing and activating while the —NH;" group in anilinium ion is m-directing and
deactivating.

Aniline do not undergo Friedel craft reaction as it forms salt with the catalyst AlCI;
L
; -~
bk M — AL
.--""["b.: ?I rJ\-? <l
e &

Sulphenation: Aniline reacts with concentrated sulphuric acid to form anilinium hydrogensulphate,
which on heating at 453473 K yields p-aminobenzene sulphonic acid [sulphanilic acid) as the major
product.

¥ " +
M, NH HS50D, M. NI
¥ 4 = el
Q) memn 0y = O
S0, H S0,
Adgilinduaem .
hydrogensaiphate Sulphianilie acid Zwiller fon
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BENZENE DIAZONIUM SALT CEH5H2+K_

( X may be Cl, Br, NO;3, 504 etc. )

Prepration : Diazotisation of aniline using NaNOz & HX [HEIIH;SD; ete.)

NH, N,X
+ NaNQ, + 2HX _28-=BR, [()] + NaX + 2H,0
Aniline Benzene dinzonium
salt
CyH NH, + NaNQ, + 2HC| —T22E8 ¢ H.N,Cl+NaCl+2H,0 €8
REACTIONS OF BENZENE DIAZONIUM SALT
1.Sandmayer Reaction-
= + = CuX
{Regfacemenr nf ﬁf_, by Ar—N=N: Cl - - Ap—X 4 N:T
halide or cyanide ion) X =Cl, Br,C=N
2.Gatterman reaction: ~ Cu/HCL, »vel & N 4 CuX
ArN,.X . ]
: Cu/HBL ArBr +N, + CuX
3. Replacement of N2 by
OH/I/F andH ®
H4O heal
Ar—0OH
Kl
— - Ar—1]
= —
ArN,X — aHar
Ar—F
b) Heat
H
PO . Ar—H
CH,CH0H
4.Replacement of N; by - N 3 N BF,
NO; group:
= .
| |+II]3F,—> & + N, + NaBF,
£~  Fluorobone S
acitl
5.Coupling Reactions
Reaction of diazonium salts — ~ —
with phenols and ‘aromatic I=NCl s H \ e LI @—m:w—@au + Cl+ L0
amines 1o form  aio
compounds of the general ;
formula, Ar—N—N—Ar is Ph e e dye)
called coupling reaction.
@—;ﬂ:ﬁi + H—@—‘QH o, QN N—O—’\H 4+ CI'+ HO
p-Amtinanznbertene
[yretherwy elyeh

14




Note:Diazonium salt of alkyl amines are highly unstable but Primary aromatic amines form
arenedazonium salts which are stable far a short time in solution at low temperatures {0 -5 2C). The
stability of arenadiazonium ion is explained on the basis of rasonance.

=
=N I?:N

SRS Ny

28
III
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Unit-9
Amines

[ 1. CLASSIFICATION

*

ammonia (HHy) in which

LA} O the basls of

L

nature of alkyl/ary| grous

Arndrui are organic derivalive ol

DINE OF T

hydrogen atoim e replaced by B
ar uryl groups

sttachad to nitragen 1
£ i = GENERAL STRUCTURE
1* [Frimary) 2* (Becandary] 3" (Tertlury}
A—hH, F MH RN Sty B ie Ml
Cine alkodimryd, Twen alkytiaryl | | Thres alkydfaryl [(Wihare B = alkyl ar aryl groiap)
froln groupa aroips
U F
(B) Dy the basin of nature of e
1

w

Aliphatic ammas Aromatic amanes
| {Allwl mrmirves] ] (Aryl amines)
3

i '
m By 5 {ii) By reduction i) By reduction (ivl By Gabriel () By Hofmann
of aluyl hakdes of nitre compaounds af mitriles ‘phthalimdde sy nttesis Biramamide resction
“"‘"m‘::i—;t::‘: R-No, [MraaHo R<CaN Phthalimide zalt & R—X A—CONH, + BF, + ANaCH
it vns 2 h 37 mridies | | paruaw — = alkyl phthaRmide o A=, + PhEaBr +
::Ilmwm'r AFITICHELT A= MHy R—CHyMH, s i) e R =, Ha, B0, + 2H,0

'

{ 3. PROPERTIES OF

M'llmss'_]

rmerritzars are safids.

Flshy smmll

= Agomatie amines. have hghes

(A} FHYSICAL F‘IWE
+ | owwer rmmvnibern are gopoen, mEddio
‘members are quides and higher

= Lrvwer mliphsatic wminss sre sohubls
iy s (M= boaadiingd srd have

= Bollng podnis T = 3% > I° snines
(chum fo intirmpbiscular H-bonding)

—

() BASHT MATLUIRE

7= 17 = 37 amine

= Duie t= lome padr of electrons o k.

« Basle strwanth in snusads salutional
Allphatie amines = &mmonla >

!iﬂ:}t!&nczﬁmhmillm“h
resonagnoo of kone palr with benzane ring.

|

[ [€) CARBYLAMINE TEST (Guly 1° wirsst) |
1* amines on heating with SHCE, and
aleahiolc KOH give foul ameliing
focyanides (cartrylamenes).
- MM, & CHETL « 3K0H (als,)

== A—NC + 3KCI = 3H,0

balbing paints than aliphatic
amines. T e : =
i i 1 ]
| 4: CHEMICAL REACTIONS |
. i ¥ 1 i 1
{3 Alcylation fiit} Acylstion “[h—li hﬁ"m‘ﬂg {iv} Azo eoupling [} Wikh acide Lwl) Cixbdintion
R=HH = R—X—  |[R=NH+ 00— itrode = 2l {Diazmnium sakt + {Amines are basich TR 2 amine
T alipfathe B -RH, = HNO, S TR A T Tl
= HHF & HX R-NHCO -/ + HE Ll WH*H;Ti-H;ﬂ =2 HH‘--FMI—'
Further alkylstion 1 mromatie: Ar—NH, + HNO, AN M =N I O [R—NH, " CF “:’H';::m'“"“““:i
gives I 3 srminas o ! i TR ,t_"_':"-'g_!:g — P MO (R R .
el LETRIRARY [Ooisrnriliam ssith 1Aza dyn) ankin} 3" amines —
mmmoslie malts T amiees RyNE + HND, Mi-tuiches
T RN-ND e WD
|M—nitromarmiisa )
A% mmmes No reaction sith
_ HRD, farms salts wtl i), |
+ +
(ulil REACTIONS OF BEMIENE DIAZONIUM SALT (Ar—N"CI7)
Proparstion: Ty, ME; + NaND, = IHC] (373278 K) — CoH N O + MaCl + 24,0
1. Aeplenmmant by 1 3 Bnicement by B 3. Meplammmart by | A Feplh amisst h;rF & Mmplsnamie by € |
ARanadvrenysr imocilon] Marndmeeyar reacianl {Schilmmiann resct-be chi
gl S || ot Sk || CyH MO - M) — CaHNIE, O Hyp i SUEM
CuHyE + M, 1 CuHyBE + iy 1 oMot + KEI & By 7 CaHyF » BF, o M1 || SeMaCHeN,T |

&, Bepdas el by Q4
CHLNTI by
CaH O e HT » N, 1T

Pl

T, Dl it B Bt
T H N T b H D, - H;a. -
CaH, = HPD, % HTL » M, T

‘ CLHG M O - CyH, OH + OH — ‘
O = B e SR S Tt o I N

B, Agw swupding
futths prlvanall

5. IMPORTANCE / APPLICATIONS

—

Y -
{F) Al o iansmet bt 1if] Wewd in the fra) My maural
th manutactars of penparation of M. i iy infloy sy pmﬁ.ﬁ::'mhlnlﬁu

wiilinin dhywn, pokymirs e Cinmi, Faibidsis b Are vt oo ETilres mre |

Ly - phanyglire dlmming | | starricub, et igrashle ';:" mr"ﬂ‘:"‘”'-‘ ity et bt

fiar mylan—6u6], el A gl (i, lkalains,
agrochanecalz end eoernnine inhibdior. Ly bcidiatioc mming nelds, et )
st iticala

e
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SECTION-A (1 Mark)
Q1. The correct order of decreasing basieties of C2HsINH2, (C2Hs)2NH and (C2Hs)3sN m aqueous

solutton 15 :
(A) (CzHs)sN > (CzHs)z2NH > CzHsNHz (B) (C2Hs5)2NH > CzHsNHz > (CaHs)3N
(C) CzHsNH2 > (CzHs)aNH > (CaHs)sN (D) (CzHs)2NH > (CzHs)sN > GzHsNHz

Q2. Aniline reacts with Bra water to give......
{a) 1-bremoaniline (b) 1,2- dibromaaniline (c) 2,4,6-tribromoaniline (d) No reaction

(3. The bast reagent for converting 2-phenylpropanamide into 2-phenylpropanaming iS.......... .
{a) excess H: ib) Brz im agueous NaGOH
(¢} indine in the presence of red phosphorus (d) LiAlHL in ether

04 Which of the following compounds will dissalve in an alkali selution after it undergoes reaction with
Hinsberg's reagent?
{a) (CHz)s N (b) CHsNH; () (CH5);NH (d) CeHsNHCH:

@5.The correct IUPAC for CH3CH2CHaN{CH3)CaHs is........
{2} N-methyl-N-ethylpropan-1-amine {¢) N-ethyl-N-methylpropan-1-amine

{B) N,N diethylpropane-1-amine (d) N, N-dimethylpropan-1-amine
Q6. Anilinium hydrogen sulphate on heating at 453-473 K produces which of the following as a major
product?
(A} 2-aminobenzene sulphonic acid (B) benzene sulphonic acid
(€) 2-aminabenzoic acid (D) sulphanilic acd
Q7. An amine X' reacts with Hinsberg reagent and the product obtained is insoluble in alkali. The
amine "X is:
(A} (CH3)2NH (B) (CHz}a N (C) CH3-CHz-NH:z (D) CsHs-NH:2

8. Which of the following amines does not give foul smell of isocyanide on heating with chloroform and
ethanalic KOH?

{A) CHz-CHz-NHz (B) (CHz)2CH-CH2-NH:z
(C) (CHs-CHz)sN (D) CeHs-NH:
9. When alkyl iodide is treated with large excess of ammonia, the major product obtained 15
{A) Tertiary amine (B) Quaternary ammaonium salt
(C) Secondary amine {D) Primary amine

Q10. ldentify the false statement about amines.
(a) Alkylamines are stronger bases than arylamines.
(b) Alkylamines react with nitrous acid to produce alcohols.
{c) Alkylamines are stronger bases than ammonia.
{d} Arylamines react with nitrous acid to produce phenals
The following questions has two statements; one is assertion and second is reason write;
(2) If assertion and reason both are true and R is correct explanation of A

(b)Assertion and reason both are correct but R is not the correct explanation

[e) A is true but R is false (d) A is false but R is true
011, ASSERSTION(A): Diazonium salts of aromatic amines are more stable than those of aliphatic
amines.

REASON(R): Diazonium salts of aliphatic amines undergo resonance.
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Q12. ASSERTION (A): Aniline undergoes Friedel-Crafts reaction.
REASON (R): Aniline farms salt with AlCls The Lewis acid in Friedel-Craft reaction..
013, ASSERTION(A): Gabriel phthalimide synthesis is not used for the preparation  of primary
aromatic amines.
REASON(R}): Aryl halide do not undergo substitution reaction easily.
014, ASSERTION(A): ): Monobromination of aniline can be conveniently done by protecting the amino
group by acetylation.
REASON(R): Acetylation decrease the activation effect of the amino group.
Q15. ASSERTION(A): Nitration of aniline in strongly acidic medium give m-nitro aniline as major
product.
REASON(R): -NHzgroup in aniline is orthe-para directing .
ANSWERS KEY:
1 |2 E 4 10 |11 (12 [13 [14 |15
d e |d b (4 d a [ d d J|a |d |=a

o
b |
o
[¥a ]

Lt
=3

SECTION - B [2 marks)
Q1. s)Arrange the following in increasing order of their basic strength:
CzHsNHz, CsHsNHz; NH3, CsHsCH2NHz, (CaHz=)zNH
b) (CHzjzMNH is more basic than [CHz)jsN in an agueous solution. Give reason.
Hint: Greater stabifity for ammonium cation of dimethy! amine than ammonium cation of trimethyl
amine.
Q2. The -NHz group in aniline is acetylated befare nitration, cite possible reason for it.
[Hint: Direct nitration of aniline gives tarry oxidotion product]
Q3. Account for the following:
(i) pks of aniline is more than that of methylamine.
Hint: aniline is o weaker bose than methylomine as fone pair of electron in aniline is
delocalized over the benzene ring and less available for protonation.
(ii) Although trimethylamine and n-propylamine have the same molecular weight, but the former
bails at a lower termperature (276 K) than the latter (322 K). Explain.
Hint: {CH3) N, is a tertiary amine does not have any H-atom on the N-atom & thus it does not
undergo H-bonding.
Q4. Write chemical equatmns for the following cnnuersmns

(i CH.—-CH, -Llinm CH ~CH, ~CH,_-NH,
(i) C, H -CH ~Clinto C, H CH -CH NH

Hint: i
() CHCHC| Ethanolic NaN, oy oy cay  feduction, oy cH,-CH,-NH
Chloroel hiane Propanenitrile Propan- [ -amine
f) CH~-CH-cl EthanolioNaCN, o4 _cp-can 2, 60 _cl-cH-NH.
Chiorophenylmethane Phenyvlethanenitrile 2-Phenylethanamine

{Freney] eliloride) [Benzyl cyanide)
05.Give a chemical test to distinguish between the following pair of compounds
{a) Aniline & Methanamine (b) Ethanamine & N-methylethanamine
[Hint: a- azadye test, b- Carbyl amine or Hinsberg test]
SECTION — C |3 marks)
Q1. Arrange the following in increasing order of their basic strength:
(i) CzH=NH3, CeH=NHz, NHs, CeH=CH:NH; and (CzHz JaNH
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(i} CzHsMH: , (CzHs)aNH, (CiHs JaN, CeHsNH3

{iii) CH3NHz, (CHz)2NH, (CHz)sN, CsH=NH2, CsHsCHaNH: .

[Hint:ref, NCERT Ch.9 q.r1. 9.4]
Q2. llfustrate the foilowing reactions:

(a) Sandmeyer's reaction

(b) Gabrigl phthalimide reaction

(C) Carbylamine reaction

[Hint: ref summary]
Q3. Cite the reasons for the following :

(i) Although amino group is 0- and p-directing in aromatic electrophilic substitution reactions, aniline

on nitration gives 3 substantial amount of m-nitroaniline.

(i) Ethylamine is soluble in water whereas aniline is not soluble in water.
(1ii) Primary amines have higher boiling points than tertiary amines
[Hint: ref. Summary]

(4. Predict the structure of A, B and C in the following reactions:

() CH,CH,Br — XN , o 4T , g HNO, , ¢

(i) CH,COOH Ny, o NOR'Th g SELMEEOR »C

[Hint: (i]JA-CH3CH2CN, B-CHaCH2CHaNH, C-CH3CH2CH2OH]
(i#)A-CH:CONHz, B-CH:CH:OH ,C-CHsCH:=NC
Q5. Complete & give names to the following reactions:
{a) CeHN:2Cl+ CuCl+ H*
{b) CH3CHsNHz + CHCl: + KOH
{c) CsH=CONHz+ Br2 + KOH
[Hint: - Sandmeyers reaction, b- Corbylamine reaction c- Hoffmann bromamidereaction]
SECTION D Case Based Questions (4 Marks)
Q1. Read the following passage carefully and give answers of following guestions:

Amines are usually formed from amides, imides, halides, nitro compounds, etc. They exhibit hydrogen
bonding which influences their physical properties. In alkyl armines, a combination of electron releasing.
steric and H-bonding factors influence the stability of the substituted ammonium cations in protic polar
solvents and thus affect the basic nature of amines. Alkyl amines are found to be stronger bases than
ammonia. Amines being basic in nature, react with acids to farm salts, Aryldiazonium saits, undergo
replacement of the diazonium group with a variety of nucleophiles to produce aryl halides, cyanides,
phernols and arenes.
Answer the following questions:
{a) How can you convert the following?
(1) Ethanoic acid to methanamine (ii) Propanenitrile to 1-aminopropane
[Hint: i) Heat with NH: followed by Hoffmonn bromamide reaction
it} reduce with surtable reducing agent]]
(b) Why do primary amines have higher boiling point than tertiary amines?
[Hint: 1% amines have intermolecular H-banding but 3° do not.]

(e) (1) Arrange the following in increasing order of their basic strength in agueous solution:
CHzNHa, (CH3)aNH, (CH3)sN
OR
(2] Give the structures of A and B in the following reaction:
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Fe/HC HNO:/ 273K
CeHsNO:2 = A > B [Hint: A= CsHzNHz2, B= CsHzN2X]
Q2.Read the passage given  below and answer the following questions:

The amines are basic in nature due to the presence of 3 lone pair of electron on MN-atom of the -NHz group.
Aliphatic amines are stronger bases than NHs because of the +| effect of the alkyl groups. Thus, the order of
basic nature of amines is expected to be 3° = 2% > 17 (in gaseous phasa), however the observed orderis 2° >
1% = 3 (for Methy| substitution) and 20 > 30 >10(for ethyl substitution).This |s explained on the basis of
crowding on M-atom of the amine by alkyl groups which hinders the appreach and bonding by a proton,
conseguently, the electron pair which s present on N Is unavailable for donation. Aromatic amines are
weaker bases than ammonia and aliphatic amines, Electron -donating groups such as -CH; , -OCHs |, stc.
increase the basicity while electron-withdrawing substitutes such as -NGz , -CN, halegens, etc. decrease the
basicity of amines, The effect of these substituents is more at p than at m-positions.

(1) Which ane of the following is the strongest base in aqueous solution

{a) Methyl amine (b) Trimethylamine (c] Aniline |d) Dimethylamine
(it) Choose the correct statement
(a) Methylamine is slightly acidic {b) Methylamine is stronger base than ammonia

{c} Methylamine is less basic than ammonia (d) Methylamine forms salt with alkal;
(iii) The electron donating groups like —OCH;,-CHs etc. increases basicty of amines, Comment an the
statement.
(iv] The decreasing order of basicity of primary, secondary and tertiary ethylamines and NHz will be
(@) NHz > GHsNHz > (CaHs}aNH > (CaHs)aN (B) (CaHg)aN> (CiHs)NH > CoHcNHa > NH3
(¢} (CzHs}aNH =CsHsNHa > (CzHs)sN > NHs {el) (CzHs)aNH> (CzHs)aN > CiHsNHz > NHz

[Hint: {i}-d,(i1)-b, (iif}-Resonance, (iv)-d]

SECTION —E {5 Marks)

Q1. An aromatic compound ‘A’ of
molecular formula c7H7on  GH,0N
undergoes a series of reactions as A

Bry+KOH NUNO; + HC C11,C1,01
CotlsN, WK )

shown below. Write the structures of
A, B, C D and E in the following
reactions:

[Hint : A = CeHe-=CONH: B = CgH:N>

CHCL, + NaGH Kl

&l = CsHs D= CsHsNE  E=
CsHsl |

2. a. CeHzN:Cl reacts with the following reagents to give :
(i) HaPOz + H20 (i) CuCN/KCN (iii} Hz0

b.{ijAmmaonolysis of alkyl halides in not a good method to prepare pure primary amines,
{i1) Aniline does not give Friedel Craft reaction.
[Hint: ref. summary]
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UNIT-10: BIOMOLECULES (7 Marks)

! Carbohydrates. Proteins, Enzymes, Vitamins Nucieic Acids, Hormones

# Monosaccharide - Cannot be hvdrolyzed further to simpler molecules. Example: Glucose,
fructoss, Riboge etc.
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REACTIONS OF GLUCOSE

(Open Chain Structure)

CBSE Class Xii

Glucose is an aldohexose. In open chain form, it contains an
aldehyde group (= CHO) at C-1 and five hydroxyl groups (-=0OH).
| Hence, it shows the following reactions.

"

Open Chain
Structure
of Glucose

CHO 1

H——1—0H 2
| HO——H 3

H———O0H 4

H———OH 5

CH,OH 6

D-Glucose
(An aldohexose)

\ v,

Key Points
= Aldehyde group at C-1

gives typical reactions of
-CHO.

= —OH groups give
reactions of glcohols.

= On oxidation, glucose
forms gluconic acid
{mild} or saccharic acid

(strong).

o Glucose reduces mild
oxidising agents
{Toflens’, Fehling's)
but not bromine water.

[ o Reaction with HI (Formation of n-hexane)

FHO HI ( ) Aldebyde group -|
(CHOH), e » CH,—(CH,),—CH, | =!-OH group
H are replaced by |
CH,OH m-Hexane hydrogen 1o give
Glucoss m-hexane, |
o = — =
Reduction
2] o CH,OH —
" dehyde group
ar H.OH to primary alcohal
CH,OH NaBH, Sur;im; (~CH,OH).
Glucose (Glucitol)
@ Oxidation o |
(i) Mild oxidation . [ Addetiyde: group: |
Br, q\:ntcr [\Ciﬂﬂﬂh e [CiHDHh rxidined 1o |
Tollens' reagent CH,OH CH,OH ‘;"‘Lm’:; g
or . . 2
Febling's solution Glucose Gluconic acid
CHO COOH - ——
(ii) Strong oxidation i i Both —CHO (C-1)
HNO, (cone.) (CIHGI'H- — l'{:aHDHh and —CH, OH (C-8)
CH,OH COOH oxidised 1o |
<ML
e Saccharic acid |
s (Glucaric acid)
B Reaction with HCN (Cyunohydrin formation)
CHO GH(OH)CN R —
(EEHDHL HCN . I_'l';:HOH]‘ to sldehyde proup
CH:(}H CH,DH . forrmm Erlnnhyﬂdn._
Glucoss Glucose cymnohydrin )

ra Beaction with NaHS0, (Addition compound)

FHU E’:H{DH )50 Na
{CE'HOHL, MNaHS5O, {{’Z'.Hﬂl{ji
—
CH,OH CH,OH
Glucose Sodium bisulphite

addition compoand

g

Aldehyde group
adds NaHSO, o
givn addition
compouand.

F@ Esterification (with Acetic acid)

CH,COOH GHO
{r.:! HOH), {excess) (CHOCOCH, ),
CH,OH dry HCI CH,OCOCH,
Glucose Penta-scetylglucose

=0H groupy are
esterifivd with
meetic moid 1o :i'vr

| peata-acetyhiducos

|1.."“{ These reactions show that glucose behaves like an aldehyde as well as a polyhydric alcohol.

# Reactions of glucose (Open Chain structure):

# Reactions of glucose could not be explained by open chain structure.

1. Glucose does not give Schiff s test and 1t does not form the hvdrogensulphite
2. The pent acetate of giucose does not react with hydroxylamine (due to absence of fiee —CHO

group.)
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3. Glucose 1s found to exist in two different crystalline forms which are named as w and .

[ Rﬂdm:mg SUZars Non reducing sugars
Aldehydes’ kenotic groups free so reducs Aldehydic’ kefonic groups are bonded so cannot reduce
Fehling s’ Tollens solution and. Fehling's solution and Tollens™ reagent.

| Ez- maltose and lactose. Egz- Sucrose Anomers

Anomer: The two cyclic hemiacetal forms of glucose differ only in the configuration of the hydroxyl
group at C1, called anomernic carbon. Such 1somers, 1. o —form and B -form, are called anomers.

L8 |
|

H-lc—oH G = ||L'J—|L'Ir‘.—H
HA—on - !
HO S+—H =
H
HE— H — G

1

|

"—tr}-|
— H

1 — OH

8 L " 0
CH,OH CH,OH CH.OH

it =13 = [4]) = Glucose [} == (+) = Clubredese
Invert sugar:
® Sucrose 15 dextrorotatory but after hydrolvsis gives dextrorotatory glucose and lasvorotatory fructose.
Since the lasvorotanion of fruciose (—22 47) 1s more than dextrorotation of glucose (+52.5%), the mixture
1s laevorotatory.

o Thus, hydrolysis of sucrose brinps about a change in the sign of rotation, from dextro (+) to laevo (—jand
the product 15 named as invert sugar
Disaccharides: Hvdrolvsis, they generally give two monosacchanides unit. The linkage between two
monosacchands units through oxyzen atom 15 called glycesidic linkage.

Example:
Disaccharnides Monomers i
) Suerose. |_ D glucose and of p-D fructose |
i) Lactoss BT -salactose and B-D-slucoss, [
|_|[:Lu) Maltose Two o-D-glucose |

Polvsaccharides: Polvsaccharides contain a large number of monosaccharide units joined together by
glycosidic inkages.

Starch (1) Man storage of plants

{11) polymer of a-glucose and consists of two components— Amvlose and Amvlopectin

Amviose i Amvlopectin
It 1s water soluble which constitutes about | It 15 mseluble in water and constitutes about 20-
15-20% of starch. | 85% of starch.
Itisa Icng unbranched. It is a branched chain pﬂl?mﬂ‘
a-D}-(+)-glucose units held together by branching accurs by C1-C6 glycosidic linkage
C1—C4 ghycosidic linkage.

Cellulose: 1t is the most abundant organic substance in plant kingdom and main constrtuents of cell
wall Cellulose is a straight chain polysacchande composed only of f-D-glucose units which are joined
by glveosidic linkage berwezen C1 of one glucose unit and C4 of the next glucose unit.
Glvcogen: The carbohydrates are stored in animal body as glycogen It is also known as animal starch
It 1s present in liver, muscles and brain. It is polysacchandes of o-D) glucose.
Proteins: All proteins are polvmers of c-amino acids.
Amino Acids: Amino acids contain amino (—INH2) and carboxvl (—COOH) functional groups.
Depending upon the relative posttion of amino group with respect to carboxyl group, the amino acids
can be classified as o, f. y, 6 and so on

| Essential amino acids | Non- essential amino acids |
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¢ which cannot be synthesised i the body and
must be obtained through diet,

® eg- Valine, Leucine,

¢ which can be synthesised in the
body

¢ eg - Glycine, Alamine

Zwitter ion: In aqueous solution, amine acids exist
as a dipolar ion known as Zwitter ion

Peptide linkage: peptide linkage is an amide

pi
¥ tf:l--l <« L -
pt = & &
=ittty dxzxa}

H;N—CH,—CO — NH— {l_‘.i-l — COOH

formed between —COCH group and NH:z group of CH,
two successive amino acids in peptide chain. Popiide linlmge
Glyeylalanine [Gly-Ala)
Structure of Proteins. R N
Primarv (17) Secondary (2%) structure of Tertiary (3") structure of proteins
structure of proteins
proteins - ) - -
sequence of amino (1) Secondary structure of protein | (1) Further folding of the secondary
acids that 1s said to | refers to the shape 1in which a structure. It grves rise to two major
be the primary long polypeptide chain can exist. | molecular shapes viz. fibrous and
structure of protein. | (1) Exist i two types of globular.
structures viz. o -helix and [f - (11) The main forces which stabilise the
pleated sheet structure and the 37 structures of proteins are hydrogen
binding force 1s hydrogen bond bonds, disulphide linkages, van der
Waals and electrestatic forces of
{ atiraction
Fibrous proteins Globular proteins

insoluble.

Polypeptide chains run parallel and water

Globular proteins chamns of polvpeptides coil around
to give a spherical shape: water soluble.

Eg- are keratin(in hair. wool, silk) and
mvosin (present i muscles).

Eg-Inzulin and albumins Stab.

Denaturation of Proteins: (i) When a protein is subjected to phvsical change like change in temperature

or chemical change like change 1n pH. the hydrozen bonds are disturbed. Due to this, gzlobules unfold
and helix get uncoiled and protein loses its biological activity, This 15 called denaturation of proten eg-
The coagulation of egg white on boiling; curdling of milk

(11) Duning denaturation 2° and 3° structures are destroved but 17 structure remains intact.
Enzvmes: Enzymes are essential biological catalysts which are requured to catalyse biological
reactions, e g, maltase_lactase. invertase, etc. Almost all the enzymes are globular proteins
Vitamins: Organic compounds required in the dist tn small amounts to perform specific
biological functions for normal mamtenance of opuimum growth and health of the organism.

Fat soluble vitamins These are
vitamins A, D, E and K. They are
stored in iver and adipose (fat

ctonng) thissues,

Water soluble vitamins: Vitamin B8, C
these vitamins musi be supplied regularly
in diet because they are readily excreted

meurne and carmot stored 10 human body
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wf VITAMINS - AN ESSENTIAL GUIDE 2r

Vitamins: Organic compounds required in the diet in small amounts
to perform specific biological functions for normal maintenance
of optimum growth and health of the organism.

VITAMIN

CHEMICAL NAME

FUNCTIONS

DEFICIENCY DISEASES

VITAMIN
A

VITAMIN
B

{ Thiamine)

VITAMIN
B,

(Riboflavin)

VITAMIN
Bg

{Pyridoxine)

VITAMIN

B12
(Cobalamin)

VITAMIN
C

(Ascorbic scid)

VITAMIN

D
(Cholecalciferal)

VITAMIN
E

(Tocophernol)

VITAMIN
K

[Phylloquinone)

IMPORTANT POINTS FAT SOLUBLE v= WATER SOLUBLE VITAMINS

Vitamina mre required in very small ammunts.
They e nt grindde enargy bul regulabe metsbolic procesees.
Dl of vitarmins cawsss 1pl=|:if||: deficbsinry disepnss
Ralanced diet with friits, vegeinbles, whole graing. milk,

{Other names)

Retinol
(Aleohel farm)
Also: Retinal
(Aldehyde form)
Retinoic acid
(Acid form)

Thiamine
(Also called
Aneurin)

Riboflavin
(Lactoflavin)

Pyridoxine
(Pyridoxal,
Pyridexamine
are active forms)

Cyanocobalamin
(Coenzyme form)

Ascorbic acid

Chaolecalciferal
{Vitamin D3)

a-Tocopherol
{most active form)

Phylloquinane
{Vitamin K;)

ugg and nuts enewres adegoiate nopply of Yitamine

{Important for)

# Eszsantial for vision

{especially night vision).
Maintains healthy epithelial
tissues, skin and mucous
membranes.

Important for growth and
immunity.

Coenzymae in carbohydrate

metabolism.
Essential for normal growth

and functioning of narves.

Component of coenzymes
{FMN, FAD).

Important for growth, skin,

eye and mucous membranes.

Coenzyme in amino acid
metabolism,

Mecessary for synthesis of
naurstransmitters and
haemoglobin.

Necessary for RBC formation.

Important for nervous tissue
and DNA synthesis,

Essential for formation

of collagen.

Heals wounds and increases
resistance to infections.

Helps in absorption of

Ca and P.

Essential for healthy bones
and teeth.

Powerful antioxidant.

Mecessary for reproduction
and healthy muscles.

Essential for synthesis
of prothrombin,
Required for normal
blood clotting.

Fat Seluble Vitamins
(A, D, E, K}
= Absorbed with fats
= Stored bn beddy.

s Excess jntaks may
cline mi_:_itr.

{important)

Xerophthalmia
(hardening of
cornea of eye)

Night blindness

Beriberi
{Peripheral neuritis,
weakness,
oedema)

Cheilosis
(eracking at the
corners of mouth),
sore throat,
dermatitis

Convulsions,
irritability,
dermatitis,
anaemia

Pernicious anaemia

(Decrease in RBCs,
weakness, fatigue)

Scurvy
{bleeding gums,

loose teeth,
poor wound healing)

Rickets in children
(bone deformities),

Osteomalacia in adults
(borne pain and weakness)

Fragility of RBCs

(haemolytic anasmia),
muscular weakness,
reproductive problems

Increased blood
clotting time
{(haemaorrhage)

Wator Saluble Vitamins
(B-comples, C)

# fAbsorbed in water.
» Mot stored (axcept B,
= Esness ls escrebed

in urine

.l-A-_. A balanced diet = the key to good health, Vitamins are vital micronutrients that h.eup oLy
e body healthy and active by performing various fife-sustaining functions.
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Nucleic acid

Particles in nucleus of the cell, responsible for i [I
heredity, are called chromosomes which are made HD'H,E () Base
up of proteins and another type of biomolecules i i *']I"D Fﬂ ( Hﬂ&t
called nucleic acids - ' /
Two types of nucleic acid that 1s deoxyrnbenucleic M
acid (DNA) and nibonucieic acid (RNA) nucleic '\H H f ¥
acids are long chain polymers of nucieotides. so i : f \ H
they are aiso called polynucleotides. 4 2 i | [ ﬁ
Complete hydrolysis of DNA (or RNA) produces a ] 1
pentose sugar, phosphonc acid, and nitrogen- 00 OH
containing heterocyclic compounds known as W OH
bases, il
A unit formed by the attachment of a base to 1
position of sugar 1s known as nucleoside When [b,!
nucleoside is linked to phosphonc acid at 5- S | arrecnea ke
| DNA RNA
| Structural difference
[ p-D-2 -deoxyribose SUgar 15 present. fi- b-D-ribose sugar is present
DNA contains four bases viz_adenine (A), RNA also contains four bases adenine (A), guanine
guanine (&), cytosine (C) and thymine (T) (G), cvtosine (C) and uracil (U).
DNA has a double strand helix structure. The RMNA has a single stranded a-helix structure EINA
two strands are complementary to each other. maolecules are of three tvpes and thev perform
The two strands held together by hvdrogen different functions. They are (1) messenger RNA(m-
bonds between pairs of bases RNA). (1) nbosomal RNA (r-RNA) and (1) transfer
L | RNA (-RNA).
| DNA has a unique property of replication | RNA usually does not replicate.
Fun{:tmn;ﬂ diffrence | - - 3
| DNA controls the fransmission of hﬂeduan RNA controls the synthesis of proteins.
effects
Nucleotides are joined together by phosphodiester linkage between 3 and 3 carbon atoms of the
pentose sugar.

A simplified version of nucieic acid chain i5 as shown below.
Base Base Base

— Sugar —— Phosphate + Sugar — Phnsphate%— Sugar—
e

Hormones
Hormones are chemical substances produced by ductless glands (endocrine glands) in the body.
They act as intercellular messenpers and regulate various physiological actrvities.

Ex 1. ProteinPolypeptide Hormones 2. Steroid Hormones
Insulin — Secreted by panecreas: controls bloed | Estrogen (Qestrogen) — Responsible for
sugar level female sexual development.

2. . Thyroxine — Secreted by thyroid gland:

it mrtitbealiam » Progesterone — Eegulates menstrual cyele.

» Testosterone — Primary male sex hormone.
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2. VITAMINS

BIOMOLECULES

Definition: Definition:
Palyhydraxy aldelydes or D“g':;"]: mw““":" ""?"‘Imd In I
ketones or substances that an . small amounts in diet for narma
hydrolysis give such compounds. IMPORTANT REACTIONS OF GLUCOSE J Igmwﬂ‘# and health., :
T — DEFICIENCY DISEASES |
| Classification | 1 mﬂ | s s Sackital{Ghioly Vitasnin Deficlency Disaate |
Meshal or hiall i
e Herophthalmia (hardening |
; ¥ = _l_ 9 it saidatien Bry water ¢ Witsmin A of carmea of sye)
Monossccharides|| Disaccharicos || Pelyspecharidus | || Tellons rusgart |~k Gloconic acid ||| Peight blindmas
[[sEI [Twcta uinles) My unlrs) Feliling’s salution Vitamin B, Barlber
(Thitarmire)
ey, Glutuse, =5, Sucrone; i Starch, F Snccharie feid
. e ||Muiose, Lactose | Celliinae, Y Fricgwideion {Cone HNG,) = (Glusarie acid) | | Vitarmin 8, chieilsl
| Gheogen (Ribofleyin) HERIS
4, Cyanohydrin formation  HCN —» Ghwase eysnchygorn || |
« | S ::“:ﬂ;ﬁ‘n.' Convulsrans
Impoartant Menszaccharide: . Sodum biudititn m
Glucese {Aldchexose) 5. nddgional RSO,  NaHSOD, T* L doion comueund || | Witarmin By :
Open Chain Structure of D-Glucose = e hoecif) i =
6 Evierfcation Dok CHCOOH | Fenia-acetyl Vitamin ©
1 CHO {drg HEI glurose (Ascontsic acid) Seurvy (bleeding gums)
2 H—C—0OH T. Formation of psareee  Fhomdhyrlmrme  —&  Gluoosarmns Vitamin O
(Caleifaral) Rickets, O=teamalacia
3 HD_T —H8 B, Deaxpgenation {HA HI lprcess) —% n-Hezana Vitaren E Fragility of RBCs and
i H—c—ou [Tocopheral) rmuscular weskness
G Fermentarian (Yeas Tymase =& Eihanal + €O, WVitamin K | Increased blood
L | Phylequinane] | <lating time
& CHLOH 1L Forraution of ghyeccidies  HOH /dry HOl —  Glucosides
3. PROTEINS 4. HORMONES
Definition: High molecular wislght notural polymers of | Dwfinition: Chemical mrssongers produced by
a-aming acids linked by peptide bonds. wndocring glands; act on spocific target crgans.
Aming Acid Poptile Bond Formation . Levols of Protoin Structure 1. Protain / Polypeptide Hormones
M N — Primary # Insufin = Secrotod by pancroas; controls
; o oo sl sl agr el
Ry Rz ¢ * Glucegen - Secreted by pancreasn;
H.N-—C—CO0H I‘ hmﬁ“::m increasies blood sugar levels. |
é g stusilized by H-bands) * Pituitary Hormones - o9, Growth
Hi e CHe € e e CH o CIOH + 0 Tm::ry Harmene (GH). Vasopressin. |
R = Side chiln L | (Ol 2D shape
1 My dug to Rogroop interactions) 2. Steroid Hormonss
{— CD—PNH—Poptida band) int«lrrur: i Lot « Dastrogen (Estrogen) — Responsible for
twe ar moTe pefypeptide chein) fornaber timovd ﬂnvﬂlnprm:rnt.

— & Pragestsrone — Regulstes menstrual cyele

1 ) . Textosterans — Primary male sex harmone.
1. Peptide Band || 2. Hydrsgen Bonil 1 Dindghide Bood.| &, lonle Band || B2 Hydrophodie | & Vi dier Waals Cortizal — Adrenal cortex harmane
(—CO-NH—) || Batwesn —C=0 (=5—5=]  Betweer opposls|  IntEractions Forces involvad in stress response.

Primary || and—h—H | Borwesn cystaine - changed Rgroups | Between ronpalar || (Meal infarsesians)
sirecture || (Seabilizes 27 arg residuses ® greups

[ Types of Bonding / Interactions in Proteins

3. Amine Acid Desivatives

Il + Adrenaline (Epinephrine) — Secreted by
adrenal gland; "Fight ar Flight" harmane.

o Thyroxine — Secreted by thyroid gland;
regulates metabolizm.

5. NUCLEIC ACIDS Impertant Points

Functions of Proteins: Stuctural support; Enzymes [catalysts],
Tranaport, Hormenes, lmmunity, Movement, Stisrage.

e H % = Besides glucone, carbohydrates include:
[h=finithen! Biopolymers of nucipotides o and trarsmit genatic infosmetion. M harides: Glucoss, Fr & Calactsas
Nucleotide = Mitrogenous base 4+ Pentoge sugar « Phosphate Hsaccharides: Susrose, Maltoss, Lactoss
[Enin | Pelysaccharldes: Starch (storags in plants),
P - Glycogen (storage in animala), Cellulase (strocharal)
s 7 o—=roH, * Geacrsl formuls imonssaccharides) (CHy OB,
WY, = Reducing sugers have frde —CHO o —CO— graup,
‘ e ——— TypeE — % = Glycosidic linkage joins monosacoharides.
DB i o ¢ il REA Wl i ] Eonctlant of Carbol ;.rdmlﬂ
ar Dmuyreboin Sgart Ribces
i'.'f..., A, rfl:., t_ Bnmrei &, A1, 05, € = Primary source of enargy
Strvrture; Divieble holls Strurturs Sonddally = Storage [Starch, Glycogen]
L [Watson-Crick modul] Alprgm. sl * Structural (Celluboss, Chiting
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SECTION - A (1 MARKS)
Q.1 Which of the following is a water-soluble vitamin ? (2026)

(A)Vitamm K (B) Vitamin A (C) Vitammin B (D) Vitamin D

Q.2 Which of the following statements is not true about glucose?

(a) It 15:an aldohexose. (b) On heanng with HI. it forms n-hexane:

(e} It 15 present in furanose form. {d) It does not grve 2 4-DNP test.

Q.3 a-helix structure refers to:
(A) primary structure of protemn (B) secondary structure of protain (2025)
(C) tertiary structure of protein {D) quatemary structure of protein

Q.4 Which of the following base 15 not present tn RNA?

(a) Adentne (b) Uracil (c) Thymine (d) Cytosine

Q.5 Which of the followinz B group vitamins can be stored in our body?

(a) Vitamin B1 (b) Vitamun B2 (c) Vitamin B6 (d) Vitamun B12

0.6 On hvdrolysis. which of the following carbehvdrates give glucose and fructose?

{a) Sucrose (b) Starch {c) Lactose {d) Maltose

Q.7 Curdling of milk 1s an example of

(a) breaking of peptide linkage (b) hvdrolysis of lactose

(c) breaking of protein mnto amine acid (d) denaturation of protain

Q.8 Nucleosides are composed of

(a) a pentose sugar and phosphonic acid

(b) 2 mtrogenous base and phosphone acid

(c) a mtrogencus base and a pentoses sugar

{d) a mtrogenous base. a pentose sugar and phosphoric acid

0.9 Whach of the following naturally occurmng ¢~ amino acids 1s optically mactsve?

{a) Glycine (b) Alanine (¢) Lepcime (d) Valine
Q10Which carbon atoms of pentose sugar of nucleotides are Phosphodiesterlinkages present?
(a)3" and 3° (b)1"and 5° (c)3 amd 5~ (d)3 and 3~

ASSERTION — REASON BASED QUESTIONS

Read the Assertion and Reason statements and choose the appropriate option from below:
(2) Both A and R are true and R iz the correct explanation of A
(b) Both A and K are truc and R is not the comrect explanation of A
{c) A 1s true but R 1s false (d) A 1s false but R 15 true
Q.11 Assertion [A]: Maltose is a reducing sugar.
Reason (R): One of the two glucose units can open to expose free aldehvdic group in solution .
.12 Assertion: Glycine must be taken through diet.
Reason: It is 3 non-essential amino acid.
Q.13. Assertion : Polysaccharides are called non-sugars.
Reason : Carbohydrates which yield a large number of monosaccharide units on hydrolysis are
called polysaccharides.
Q.14 Assertion: Purine bases present in DNA are adenine and guanine
Reason: The base thymine is present in RNA while base uracil is present in DNA.
Q.15 Assertion: Two strands of DNA are complementary to each other.
Reason: Adenine form hydrogen bond with guanine whereas cytosine form hydrogen bond with
thiamine.
Answer key:

= r—

| Qi Q.2 Q.3 Q.4 Q.5 Q.6 Q.7 a8 | a9 | aio
! C C B C D A | D cC | & A
[ Q.11 Q12 | @13 | aia | ais

g’ A D B C G

SECTION -B(2 MARKS
Q.1 |dentify the main sugar found in milk and name the monosaccharnide units it contains.
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(Hint: Lactose, manemers- 5 —D — Glucose and —D —Galactose)
Q.2 Sucrose is dextrorotatory but the mixture obtained after hydrolysis is laevorotatory. Explain.
(Hint: Invert Sugar)
Q.3Compare (i) Nucleotides and Nucleosides (ii) Essential and Non- essential amino acids.
(Hint: refer to the summary of chapter)
Q.4The 1odine test 1s used to detect the presence of starch. Why does iodine specifically bind to starch.
and how does this imteraction lead to the charactenstic blue-black coloration?
hint: lodive molecules fit inito the helical structure of amylese, a component of starch. This inclusion
forms a starch-iodine complex, which absorhs iight at specific wavelengths
Q.5 In'which part of body and tissue fat soluble vitamins are stared?
{Hint: liver {odipose tissues]}

SECTION -C (3 MARKS)
Q.1 Which moieties of nuclensides are involved in the formation of phosphodiester linkages present in
di-nucleotides? What does the word diester in the name of linkage indicate? Which acid is involved in

the formation of this linkage?

(Hint: 3'—0H of one sugar and 5' — phosphate of the néxt sugar.phosphodiesterlinkage , acid involved
Phosphoric ocid .
.21)The primary structure of a protein determines 1ts three-dimensional shape Evaluate how changes
m the primary structure can lead to alterations in the protemn s function.

II) Name the disease caused when valine replaces glutamic acid at the sixth position of the beta-globin
chain of the haemoglobin.

Hint i)denaturation of protein; iijsickle cell anemio

Q.3 Activation energy for the acid catalysed hydrolysis of sucrose is 6.22 kl mol™, while the activation

energy is anly 2.15 k) mol™ when hydrolysis is catalysed by the enzyme sucrase. Explain.

Hint-enzymes are bio catalyst ,reduce the maognitude of activation energy .

Q.41)Structures of glycine and alanine are given below. Show the peptide linkage in glycylalanine.
H,N—CH,—COOH ||,~4En,—cc:nou

B i
[Calycing) {Alanine

iija-Helix is a secondary structure of proteins formed by twisting of polypeptide chain into right
handed screw like structures. Which type of interactions are responsible for making the a-helix
structure stable?
Hint iJrefer summory i) hydrogen bonding
Q5 i) Why does glucose not give a 2,4-DNP test despite having an aldehyde group?
1) Why 15 fructose a reducing sugar despite being a ketose?
Hint-i)glucose s aldehyde group is invelved in the ring structure
ti)Fructose contains a free aldelyde group

Case Based Questions (4 Marks)

QL

Meena lives in a region with limited sunlight during winter.
Over time, she started feeling bone pain and musce
weakness. Her doctor diagnosed her with rickets, a disease
related to bone development. The doctor explained that this
condition 1s due to Vitamin D deficiency, often occurring

(i) 1d when people don't get enough sunlight or consume
. 15] insufficient vitamin D-rich foods like fish oil and fortified milk

(i1)
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(iii)Name one deficiency disease caused by the lack of Vitamin D in adults and Suggest two food sources
rich in Vitamin D.
Hint: (i). Calciferol.{ii). fat soluble
fiii). Osteomalacia ,Food sources: Fish liver oil and mushroom

Q2. Living systems are made up of various complex biomolecules like carhohydrates, proteins, nucleic
acids, liquids, etc, Carbohydrates are optically active polyhydroxy aldihydes or ketones or molecules
which provide such units on hydrolysis. They are broadly classified into three groups —
monosaccharides, oligposaccharide, and polysaccharide. Monosaccharides are held together by
glycosidic linkages to form diasaccharides like sucrose, maltose, or polysaccharides like starch and
cellulose.
Another biomolecule: proteins are polymers of alpha-amino acids which are linked by peptide bonds.
Ten amino acids are called essential amino acids. Structure and shape of protein can be studied at four
different levels i.e. primary, secondary, tertiary and quaternary, each level being mare complex than
the previous one. . [2023)
Answer the following questions:

i) What is the difference batween a glycosidic linkage and peptide linkange?

{ii) Which amino acids are called essential amine acids?

(i) What are the common types of secondary structures of protains?

Write any two forces which stabilize the secondary and tertiary structures of protein,
OR

(iif)Define denaturation of protein with an example. During denaturation which structure of protein
lose their biological activity?
(Hints: ref. totheory)

LONG ANSWER TYPE QUESTIONS (5 MARKS)

1. Questions: Give the Product of the Following Reactions of Open Chain Glucose

D-{+)-Glucose + HI (excess), hear —
D-(+)-Glucose + Br. water —

D-{+1-Glucose + conc. HNO; —

D-{+)-Glucoss + HCN —

D-{+)-Glucose + excess CH;COOH / drv HCl —

D

LA

Hint. Refer theory

Q2. A. Write two differences between Amylose and Amylopectin components of starch. (2+3)(2025)

l _ Feature Il Amylose ‘_ ~_Amylepectin

i 1. Smucturs Lmear palvmer Branched pnivmer

I; 2. Glycosidic linkage 11—1 A linkage only ~@-14 and a-1,6 linkages(branches)
[ 3 551uhﬂ.iw | Tess soluble in water __Morc soluble due 1o branching

B. Differentiate between:
(a) Essential amino acids and Non-essential amino acids
(b)Peptide linkage and Glycosidic linkage
(e) Fibrous protein and Glabular protein

Hints. Peptide vs Glycosidic linkage

Peptidz: Protein, CO-NH bond

Glycosidic: Sugar, C—0-C bond

Tip: “Peptide = Pratein link, Glyco = Glucose link”
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(c) Fibrous vs Globular pratein
Fibrous: Thread-iike, insoluble, structural = e.q., keratin, collogen
Globular: Spherical, soluble, functional = e.g., enzymes, hemoglebin
Mnemonic: “Fibrous = Frome, Globular = Go-function”™
03 a. Each polypeptide in a protein has amino acids linked with each other in 3 specific sequence and
it is this sequence of amino acids that i said to be -

(A)primary structure of proteins (B) secondary structure of proteins

(Chtertiary structure of proteins (D)quaternary structure of proteins
b. What is the effect of denaturation on the structure of proteins ? What are the common types of
secondary structures of proteins ?
Hints. The specific sequence of amino acids in o polypeptide chain is called the primary structure of
proteins.
Correct Answer: (A) Primary structure of proteins
b.Effect of denaturation on proteins:
Denaturation disturbs the natural shape of proteins due to heat, chemicals, change in pH, efc. ft
destrays the secondary and tertiory structures, causing loss of biological activity, but the primary
structure usually remaoins unchanged.

Commaon types of secondary structures of proteins:

a-Helix
B-Plegted sheet
Primary structure Secondary structure
. orhelix
ST i Y oS
Polypeptide chain - X e i
3 : 2 : - -qﬁ? h&?}ﬁ
6.0 _B_oal.B
t : b4 g i - ’ B-pleated sheot
—f 3otge Aompe ok i
Armino s .__""‘f'
acid ,%"l.‘&l'_-& ‘.!'l
Tertiary structure Quaternary structure
@
)
(o
H\ '
Subanit 1 ,._,J] Subumit 2
Link For Quiz & Extra Practice Questions
Quiz/ Multiple Choice Practice Questions
Google Form Link QR Code
Name of Chapers
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'2.Ele ctrochemistry

htips://docs.google.com/forms/d/e/1FAl
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ader
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der

3. Chemical Kinetic
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5. Coordination
Compound
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6. Haloalkane and
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7. Alcohols, Phenols,
and Ethers
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KvaN]GEQ/viewform?usp=header

8. Aldehydes, Ketones
and Carboxylic Acids

htips://docs.googie.com/forms/d/e/1FAl
palsda2d3stidsX3[@nBsBp030dETkVAa—
dBGYKIBKROIZaUoNA/ viewform?usp=publ
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9, Amines

htips://docs.google.com/forms/d/e/1FAl
pOLSARUOHIdoowGai 2o0N-

pSbQ1POnw mSXAN3sNSb6IWgZXIWCQ
[viewformZusp=header

10. Biomolecules

hittps://docs.google.com/forms/d/e/1FAl

palsckgDwBsio KIGitSPqobmvH_InCdOc
1Ma3e05h8705RAEDBg/ viewform?usp=pu
blish-editor
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sp=sharing&ouid=11010917789949686664
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https://docs.google.com/document/d/1rv
BiTs20Xn52SyOWFnLUuwkSzYmgnHhK/edi

t2usp=drive link&ouid=110103177899406
8ob0d6& rtpof=truefsd=true

4. The d and f Block
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hiips://docs.googie.com/document/d/1iZ

NGAWHWhHIFrIwCiyaYilvbo3ll Nh/edit?
usp=drive link&ouid=11617510146749132
3246&ripof=trueBsd=true
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https://docs.google.com{document/d/1HB
BLAPS7MamgPHRIBISYGwp9WEichHOg/ed
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6646&rpof-true&sd=true
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'E. Haloalkane and
Haloarene

https://docs.poogle.com/document/d/1Hg
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313&ripof-trueBsd=trua
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Max. Marks:70 Time: 3 hours
GENERAL INSTRUCTIONS:
Read the following instructions carefully.

(g) There are 33 questions in this question paper with internal choice.

(b} SECTION A consists of 16 multiple-choice guestions carrying | mark each
(c) SECTION B conslsts of 5 short answer questions camying 2 marks each.
{d) SECTION C consisis of T short answer questions carrying 3 marks:each.
fe) SECTION D consists of 2 case-based guestions carying 4 marks each

{f} SECTION E consists of3 leng answer questions carrying 3 marks cach

(g) All guestions are compulsory

(h) Use of log tables & calculator is not allowed.

SECTION A
Questions no. 1 to 16 are Multiple Choice type Questions, carrying 1 mork each. 16X1=16
1 Oxidation of chloraform by air in the presence of sunlight produces a poisonous gas known as
(&) Mustard gas (B) Tear gas
(C) Chlorine gas (2) Phosgene gas
2. Lucas reagent produces cloudiness immediately with :
{A) 2-methyl-1-propanol {B) Butan-2-ol
(C) 2-methyl-2-propanol (D) Butan-1-ol
3. Which of the following d-orbitals experience more repulsion in the crystal
field splitting of octahedral complex ?
(&) dxy, dyz, dz (B) dxz —7, dt
(C) ey , drr—yt (D) dxz , da=
4, The chelating ligand used for the treatment of lead poisoning s :
(&) Ethane-1,2-diamine (B) Oxalate ion
(C) Dimethylglyoxime (D) EDTA
5. Manganate ion is paramagnetic due to the presence of ;
(A) one unpaired electron (B) two unpaired electrons
{C) three unpaired electrons () fully paired electrons
6. The tarrect order of decreasing basicities of CzHsNHz, (CzHs)aNH and [CzHs)sN in agueous
solution is :
(A) (CzHs}3N > (CaHs)aNH = CaHsNH3 {B) (CaHs)zNH > CzHs5NH3 = (CzHs 3N
(C)  CzHsNHz> {CaHs)zNH > {CzHs)sN (D) (CzHs]zNH > (CaHs]3N > C2HsNHz
7 The boiling point of one malal NaCl solution, assuming NaCl to be completely dissociated in
water is 1 (Ky for water =052 K kg mnl_ll
(A) 100-522C (B) 101-042C
(C) 100-042C (D)  1D1-52e2C
8. When a liquid and its vapour are at equilibrium and the pressure is suddenly detreased :

(A) vapour pressure of the solution increases (B) heating occurs
{C} cooling occurs (D}equilibrium remains unaffected

9. Consider the following cell at 298 K :
Mg (s) | Mg¥ (1-0M) || Cu®* (1:0M) | Cu(s)
How tan we increase the emf of the cell using the same substances 7
(A) By decreasing only the [ng"] to0-1 M
125



10.

11.

{B) By dacreasing anly the [Eu1+] twol1M

(Cj By increasing both [Mg®™] and [Cu®] to 20 M

D) By increasing only the [MgZ] to 20 M

The rate of a first order reaction is 5-6 x 10 T mol L2 s_l, when the concentration of reactantis

0-2 mol L. The rate constant 'k’ is :

(A) S6Ex10 s (B) 28x10 %s?
(C) 28x10 °s? (D) 28x10 357
Nucleic acids are polymers of :

(&) amino acids (B) nucleasides
(C) nucleatides (D) pentose sugar

In the reaction of NaOBr with amide, the carbonyl carbon is lost as:

(A}  HCOx B) CO3*
(C €Oz (D) CO

For Questions number 13 to 16, two statements are given — one labelled as Assertion {A) and
the other labelled s Reason (R). Select the correct answer fo these questions from the codes
{A), (B), (C) and [D) as given below.

13.

14.

15.

16.

17.

18.

15.

(a)

Al Both Assertion {A) and Reason (R) are true and Reason (R) is the correct explanation of
the Assertion (A).

(B} Both Assertion (A) and Reason (R) are true, but Reason (R) is net the correct explanation
of the Assertion (A).

{Ci Assertion (A) is true, but Reason (R) is false.

(D} Assertion (A) is false, but Reason (R] 1s true.

Assertion (A) : Alcohals act as Bronsted bases as well as Bronsted acids.

Reason (R) : Itis due to the presence of unshared electron pairs onoxygen atorm and presence

of polar O —H bond.
Assertion (A] : Diazonium salts of aromatic amines are more stable than thoase of aliphatic
amines.

Reason (R) : Diazonium salts of aliphatic amines undergo resonance.

Assertion (A) : For complex reaction, order of reaction is given by the slowest step.
Reason (R):  Order of a reaction Is an experimental quantity.

Assertion (A) : EGSEEH;S.;‘H has low value.

Reason (R) : Because of the stability of 5" ion which has a noble gas configuration.

SECTION B
(a) Reactions of which order will show the rate to be independent of the concentration of the
reactant 7 Give one example of this order,

(b) State the condition under which a bimolecular reaction may be kinetically a first arder

reaction. i1+1=2
{a) Explain the following with the help of Henry's law : 1+1=2
(i) Bends (i)  Anoxia
OR

{b) How does sprinkling of salt help in clearing the snow covered reads in hilly areas ? Write
the name of the colligative property involved in this process. 2
Write IUPAC names of the following compounds :  1+1=2

[Cr(NH3)2 {ONO)CI] NO3
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(b} Na[Ag({CN}Z]
20. What are the hydrolysis praducts of the following ? J+1=2
{a) Lactose
(b} DNA containing Thymine
21. Draw the structures of major product(s) in each of the following reactions :

Z2x1=2
Cl
H (i) NaOH, 368 K
(a) : >
(i) H
NO,
(b) CHsCH = C{CH3)p + HBr —
SECTIONC
22. Write the structures of A, B and C in the following reactions : Zx181f2=3
NH,
(CH4C0),0 Br, H’
(a) > A > B =
' CH4,COOH
CH4
Br .
Fe + HCI NaNO, + HC1 H, PO, + H,O
ih) 2 * A = 27 = B g £ 2 L &
273278 K
NO,
23.  What happens when :
(a) Prapanenitrile is treated with phenyl magnesium bramide followed by

hydrolysis ?

(k) p-fluorotoluene is treated with CrO3 in the presence of acetic anhydride followed by
hydrolysis with agueous acid.

ic) Phthalic acid is treated with NH3 followed by heating ?
Write chemical reactions in support of your answer, 3x1=3
24.  Answer the following questions:  3x1=3

(a} Why is direct current (DC) not used to measure the resistance of an ionic solution ¢

{bj Why are the products of electralysis different for the electrolysis of agueous solution of
AgNO3 with silver electrodes and electrolysis of agueous solution of AgNOs with platinum
electrodes ?

ic) Why are magnesium blocks fixed to the iron pipelines carrying water ?

25. (&) When a coordination compound CoCls . 6NH;3 is mixed with excess

of AgNOz solution, 3 moles of AgCl are precipitated per mole of the compound.

Write the structural formula of the complex, IUPAC name, its hybridisation and
magnetic behaviour an the basis of
valence bond theory., 3

OR

(b) (i) How many geometrical isomers are possible in each of the following complexes ?
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(1) [EF{E104}3]3_ (i) EG:NH3}3CI3]
{ii) [E-::::I‘~IH3}5]3‘+ is an inner orbital complex whereas [Nif_NHg}ﬁib_ is an outer orbital
complex. Why ? [Atomic number : Co = 27, Ni= 28]
{iii)  Write the formula of Wilkinson catalyst and its use, 3x1=3
26. Caleulate the vapour pressure of a solution containing 61 g of benzoic acid (molar mass =
122 g rnr:ni_l] dissolved in 500 g of benzene when the vapour pressure of pure benzene at
this temperature of experiment is 66 torr, Assume complete dimerization of benzaic acid in
benzene. 3
27. Consider the decomposition of hydrogen peroxide (Hz01) as per the equation given below :
=
2H202 ——— 5 2H20 + 0z (In Alkaline medium )
The mechanism for this reaction was found to be:
Step ) :H0z2+ 1 —= H:0 410 (slow)

Step Il : H202+ 10 — H20 + 1 + Oz (fast)
{a) Write the rate law expression.
ib) Determine the order of reaction with respect to Hz0z, I and overall order of reaction.

{c) What is the molecularity of the reaction in Step 17 3
28.  Answer the following : 3=i=3

{a) Which isemer of CaHoBr is most reactive towards Syl reaction ?

(b) Predict the alkene that would be formed by dehydrohalogenation of 1-Bromo-1-
methyleyclohexane.

{c) Afthough chlorine shows strong — | effect, yet jt is ortho- and para-directing in
electrophilic aromatic substitution reactions.
Why ?
SECTION D

The following questions are case-based questions. Read the case corefully and answer the questions

that follow.

29, Alcohols and Phenols are acidic in nature. Electron withdrawing groups in phenal increase its
atidic strength and electron releasing groups decrease it. Alcohols undergo nucleophilic
substitution with hydrogen halides to yield alkyl halides. Dehydration of alcohols gives
alkenes. On oxidation, primary alcohols yield aldehydes with mild oxidising agents and
carboxylic acids with strong oxidising agents, while secondary alcohols yield ketones. Tertiary
aleohols are resistant to oxidation. The presence of — OH group in phenols activates the
aromatic ring towards electrophilic substitution and directs the incoming group to ortho and
para pasitions due to resonance effect.

Answer the following questions :

(a) Write the mechanism of acid dehydration of ethanol to yield ethene. 2
(b) (i) Why are tertiary alcohols resistant to oxidation ? 1
OR
(b)  ({il) Write the structure of the major product expected from the dinitration of
‘3-methylphenal. 1
{c}]  Why s ortho-nitrophenol more acidic than ortho-methoxyphenol ? 1

30. Carbohydrates are optically active polyhydroxy aldehydes or ketones ar the compounds which
produce such units on hydrolysis. They have been broadly classified into three groups —
monosaccharides, oligosaccharides and polysacchandes. The carbohydrates may alse be
tlassified as either reducing or nen-reducing sugars. An important monosaccharide glucose 15
an aldohexose and 15 correctly named as D(+j—glucose. It was assigned the open structure on
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the basis of its reactions with Hl, NH20H, Brz water, (CHzCO)20 and nitric acid. Despite having
the — CHO group, glucose does not give Schiff's test and hydrogen sulphite addition product

with NaH503. It was found that glucose forms a six-membered ring in which one of the — OH
groups add to the — CHO group and form a cyclic hemiacetal structure.
Answer the following questions:
{a) How doyou explain the following ? 2x1=2
(il  Presence of a carbonyl group in glucose
(i) Presence of five — OH groups in glucose which are attached to different carbon atoms.
()  What type of carbohydrates are called reducing sugars ? 1

(e} i) In D(+)—glucose, what do the letter ‘D’ and sign '(+)" represent? 1
OR
(c) (ii) Draw the six-membered ring structure of BD(+}—glucose. 1
SECTIONE

31. (A) {a) Account for the following :
.  MnO is basic while Mnz207 is acidic.
Il. Iron has higher enthalpy of atomization than that of capper.
M. Mn Fisa stronger oxidising agent than o

(b) How do you prepare potassium dichromate from sodium chromate ? Write balanced
chemical equation for each step. 3+2=5

OR
(B) [a) Answer the following questions: 5x1=5
i) Why is chemistry of actinoids more complicated as compared to lanthanoids ?
{ir) E® pnmsvalues are not regular for first row transition elements (3d series), Why ?
(b) Identify the following :
(1} Dxoanion of chramium which is stable in acidic medium.

(1) The lanthanoid element that exhibits +4 oxidation ,state.

(1) Write the products obtained on heating KMnQa.
(V) Predict which of the following jons will be coloured in agueous solution :

STl s g Lo
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MARKING SCHEME
CHEMISTRY (Subject Code-043)
(PAPER CODE : 56/4/3) (26-04-43N)

). No, EXPECTED OUTCOMES/VALUE POINTS Marks
SECTION - A
. | (D) i
2. |(B) |
3. 1) 1
4 [k 1
50 | (B) 1
fi (B) i
. (A) |
B [(A) 1
b, ) 1
Hy | {A) |
L | (1) |
1Z2. | (©) 1
13 (A 1
4. [(D) |
15, | (€) |
Ih, | (A) 1
SECTION - B

17 (a) Diamminesilver{l) dicyanidoargentate(l) |

{(b) Tristethane- 1. 2-diamine)cobalt (1) sulphate 1

I8 During denaturation secondary and tertinry structures are destroyed. 1

a-helix and [l-pleated sheet structure Yt
19 | (n)fero order, L

Example-Decomposition of gaseous ammonia on o hot platinum surface/ Vs

Decomposition of Hl on gold surface

{Or any other one suitable example)

(b)) When one of the reactams is in excess: I
20 | (1) Bends is a painful medical condition experienced by Scuba divers when they i

come towarils surface where the pressure gradunlly decreases lending 1o formation

of bubbles of nitrogen in the blood blocking the capillaries.

(1) Anoxio is o condition experienced by people hving at high altitodes due 1

to low partinl pressure of oxygen or due to low blood oxygen in their tissues

making them feel weak and unable to think clearly.

OR
MS-Chemistry/043/56-4-3 K} 20-(4-43N
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20 (b)Salt lowers the freezing point of snow which then melts and can be remaoved 1
cagily. 1
Depresston of Freczing point

CHl,— C =CH,
CEm{CH 1
(b} "*"m
SECTION-C
22 (a) A B C X3
TTEE, b, OH
[T Lty CH,
iby A B C
N CONH, NH= Lgxy
23 (a)Tert-buty] bromide A CH1):CBr /2-Bromo-2-methyl propane i
(b)
CH, =t
O™ Y ,
(e} Becnuse 4R effect stabilises the intermediate carbocation. 1
24 | (a)Rate =k[H:0,][I"] !
(b) Order w.rt. [Ho0,]is 1 %
Order wert [1-]is 1 Y
Owerall order of reaction 15 2 v
(c)y2 %
25 F;—_F1 = ix; = EWEKMI 1
P Mz Wy .
66—p, 61%78
66 0.5 x 122%500 1
P = b34torr
Allemate method
MS-Chemistry/043/56-4-3 4 26-04-43N
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YE n
PP = o, = =22

I"i . ﬂ1+ :l‘t;
&l

M_G-S:‘xﬁ:ﬂg

6% 78 13z

()

« |ColNH1)u]Cla

s  Hexaammmecobalt(II) chlonde
l.'l:ﬂ'.!ﬁ
+ diamagnetic

OR

(bXi) (T)NIL/Zero (m 2
{it) NH; being a strong field ligand pair up the unpaired efectrons in Co?' leaving two
d-orbitals empty for d¥sp® hybridization forming inner orbital complex.

Whereas it cannot pair up in Ni*™ as only one *d’ orbital is left empty after pairing
which is not possible and henee outer d-orbital is used.

(i) (PhyP)y RKCT]
Used for hydrogenation of alkenc

™
b

27.

(n) DC can change the composition of the solution.
(b) Because silver electrode 15 reactive and participates in the electrode reactions

wherens platinum is inert and does not take part in the chemical reaction and acts only.

as a source of clectrons.
() To prevent exidation of Iron or rusting, as Mg gets readily oxidised in compariscn
to iron.

—l= =

28

(&) 29
OH,— CH, — C = N+ CHMgBr-S, ol — ¢

Hr >,
= oy

@l + Cr0, + (CHL,COL0 —— @,
P | B

()

Ei‘:‘::: SO, Clifid,
TR, Gl .
o i oM,

ouilliel,

SECTION - D

MS-Chemistry/043/56-4-3 5
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29 | (a)i)Glucose on reaction with HaN-OH forms oxime / with HON forms cyanohydrin 1
{Or correct chemical equation)
(i1) Glucose gives stable pentaacetate with (CHyCO):0 1
(Or correct chemical equation)
(b) Those which reduce Tollens® reagent/Fehling solution. |
(c){i) D- stands for configuration 3
(+) stands for dextrorotatory nature of the molecule. 2
OR
(c) ni] | :En,pu‘ y
MF L] ?:\q
IE ﬂ-Hm I
30 | (a) Step 1: Formation of protonaied alcohol
rii:.-c:-t_uqa.m:-r-v%rm,-cﬂ;-ﬁ‘-u 1
H
Step 2: Formation of carbocation
e
CH; - EI-I:(!?, H CH, - Cﬁ!
H
Step 3: Deprotonation
4
{
H-t;: —EPE"._,—_- H-{.‘=t’l‘1 -
H H
1
(b}(1) Due to the absence of o — hydrogen atom
OR
(b) (ii) OH .
O.,N
: =}
NO,
(c) Because of electron with-drawing nature of -NO4 group which increases the
stability of phenoxide 1on whereas methoxy is electron-donating group and decreases 1
the stability of phenoxide ion.
SECTION E
31 (ay (i) () 1
MgBr H
@ MgHdry ether @ ,-::m: -CH,
MS-Chemistry/043/56-4-3 6 26-04-43N
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(10
COCH; COCH; i
€0
Q- Q= Q)
= oy NOy
Hy
{ii} @t]ﬂl. I
€H, cHy i
== O
] L;
(iii) CeH:COOH < HCOOH < 0:N-CH:-COOH < CF3-COOH )
oRr
31 | (b) (ih(h OpN 1
o T g
(1)
Q—CI t-mhh,‘@ 1
(i) (T) Because of the formation of salt where carboxyl group s deactivating and gets 1
bonded with lewis acid (Anhydrous AlCI)
(1) Because of more extensive association of carboxylic acid molecules through 1
intermolecular hydrogen bonding. /Dimer formation tnkes place.
(iii) On warming with freshly prepared smmoniacal AgNO; solution (Tollens'
reagent)  propanal forms bright silver mirror wherens propancnc does not. _ !
{or any ather suitable lesi)
32 (a)(i)
EEE!“]’- %IU&K: ?
= p59 2
Efcolty= —5 108(10%)
Efcun="2 (1510810) = Efeyp "5 15
E oy 0.0295 X 15 = 0.4425V !
(1) Anode:  Pbisi + S04 (ag) > PhSO,(s) + 2e7 "
Cathode: PhO.(s] + SO (aq) + 4H'(aq) + 2¢ s PbSO, (8] + 2H,0 (1) v
Overall reaction = = )
Phis) + PhO,(s) + 2H,80,(ag] - 2PbS0,(s) + 2H,0() ;
(iif) 96500 C 1
MS-Chemistry/043/56-4-3 7 26-04-43N
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OR
32 | (b))
T
g
Ao, = 72X107° % 1000 ¥
"= 0.0024 i
Ay = 30 Sem®mol 1t
— Am 5
a ol
P L.
3905 [
a= 00768 or 0.G77
. _ »A8 _ b.os9 [Ag]
(D) Eagr cag) = Bagtjtagy — 3 198 a4 %
1
Em‘?f{‘m = 'D.Eﬂ = ﬂuﬂSglﬂg o1y !“s
. — . v
E(AE‘.!L‘AE} = D.Sﬂ - ﬁ.ﬂﬁg X 2 — E{AE"J‘('AH = D840 — U.IIH
(ihi) (1) NHLCl and ZaCl: %
() Aq NeOH solution  KOH soluiion #
33 | (o) (i) () Becouse Mo is i lower Oxidation state (+2) in MoO while in Mn=O5, Mo 1
ig in higher Oxidation state {(+7).
(1) Because of more number of unpaired electrons in iron than copper. 1
(111} Greater stability of Mn in +2 Oxidation state is duc to 3d° configuration whercas
Cr is already stable in +3 oxidation state due to stable ty,? configuration. 1
(1) 2MaiCrOy + ZH' . Na:CrOy+ ZNa'+ HaO .
MNay Craly + ZECI— K:Cra0y + ZNadCl 1
OR
13 (B} (1) Because of their radioactive nature and ability to show wide range of Oxidation 1
states.
(11) Becouse the sum of icnisation enthal pies (AT + AT ) aod sublimalion enthalpies 1
are irregular aeross 3d series,
{iii) (1) Crz0-* "%
(1} Cerium / Ce  (Or any other carrect example) e
(¥) M0, + MRO, + O, "
(v) Fe'* | Ti" Ly +44
=g o=
MS-Chemistry/MH1/56-4-3 5 26-04-43N
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SECTION-A

The fallowing guestions arc mulliple-choice questions with one torrect answer Each question carries | mark.
There is no internal choice in this section.

Q.No Questions Marks
1 A galvanic cell can behave as an electrolytic cell when 1
ta) E.q=Esq (1) Econl = Eoxt
(e) Eepn =0 () Eext > Eceny
2 For a chemical reaction. A 2B, it was observed that the rate of reaction doubles when the 1
concentrabon of A 1s increased four hmes. The order of the reaction 1s :
(a) 2 (b} 1 (e) 2 (d} zero

3 The rate of a reaction was found to be independent of concentration of the reactants the unit of rate 1

constant of the reaction would be:

(a) s (b} mol™! L ™!
(e) mol™ L= s™* (d) mol L= &~
4 Which of the following ions has the highest magnetic moment 7 1
[Atomic number - Fe =26, V=23, Ti= 22 Sc=21]
(a) Fe¥* (b} W= (c) Ti (d) Sc3+
5 The correct [UPAC name of (CHz); € — CHaBris 1
(a) 2 2-Dimethyl-2-bromopropane {b) 1-Bromo-2,2 2-trimethylethane
(c) 2-Bromo-1, 1, 1-inmethylethane {d) 1-Bromio-2,2-dimethylpropane
g Which of the following reactions are feasible 7 1

(a) CH,CH,Br + Na* O-C(CH,)y —» CH,CH,-0 — € (CH,),
(b) (CHgls C- CI+ Na* 0 CH,CH , > CH,CH, — 0 - C(CH),

tcd  Both (a) and (b)
(d)  Neither (n) nor (b)

7 Which of the following characteristics of transition metals is associated with their catalytic 1
activity ?
(i) Paramagnetic nature (1) Colour of hydrated ons
(ni) High enthalpy of atomisation (Iv) Vanable oxidation states
(a) (1) & (i) (b} (i) & (i) (c) (1) & (i) (d) 1) only
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H The correct order of reactivity of given compounds with Lucas reagent at room temperature 1s 1
(a) butan-1-ol = butan-2-0l < Z-mesthylpropan-2-0l < Z-methylpropan-1-ol
(b) butan-1-ol < butan-2-ol < Z-methylpropan-1-ol < 2-methylpropan-2-of
{c) butan-1-o0l = Z-methylpropan-1-0] = butan-2-0l = Z-methylpropan-2-ol
(d) 2-methylpropan-1-0l < 2-methylpropan-2-ol < butan-1-0l < butan-2-at

g | Which of the ﬁtnmiﬁg does ntFJt_g-we Cannizaro reaction 7 T 1
(a) (CH,,C-CHO (b) (CH,,CH-CHO
(e) @‘UHU () HCHO
10 An aromatic compound X' with molecular formula Cg!'-lruﬁwéwes the following chemical tests. 1

(1) Forms 2, 4-DNF denvative

(i) Reduces Tollens’ reagent

() Undergoes Cannizzaro reacticon

(iv) On vigorous oxidation, 1-2-benzenedicarboxylic 2cid is obtained.

Xis.
CHO CHO t.|‘HU
J g COCH Lo, |
(a) | () | (e} I @ 7 |
. I } B, «MFHI S \(-:Hf
[-:_Iilﬂ
11 Which of the following is least basic 7 1
(w)  (CHgy)NH (b)  NH,
© ¢ H-wm, ) (CHygN
12 An -helix is a structural feature of - 1
(a) Nucleoside (b) Polypeptides (c) Starch {d) Nuclectides

For Questions number 13 fo 16, two statements are given one labelled as Assertion (A) and the other labelled as
Reason (R). Select the correct answer to these questions from the codes (3], (b), (c) and (d) as given below.

(a) Both Assertion (A) and Reason (R} are true and Reason (R) is the correct explanation of the Assertion (4).
(b) Both Assertion (A) and Reason (R} are true, but Reason (R) is not the correct explanation of the Assertion
(4).

(c) Assertion (A) is true, but Reazon (R) is false.

(d) Assertion (A) is false, but Reason (R) is true.

13 Assertion (A) : In a cell Current stops flowing when Ecea = 0. 1
Reason (R) : Eguilibnum of the cail reaction is attained.

14 Assertion (A) - Phenol on oxdation with chromic acid gives banzoquinone 1
Reason (R) : Fure phenol 1s colourless but turn pink due to cxndation to . phenoguinone.

15 Assertion (A) - The final product in Aldol condensation is always o, B-unsaturated Carbonyl 1
compound.
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Reason (R) = a3- unsaturated carbonyl compounds are stabilised due to conjugation.

16

Assertion (A) - Maltose is a non-reducing sugar.
Reason (R) - Maltose is composed of two glucose units in which C-1 of one glucose unit is
linked to C-4 of another glucose unit

This secfion contains 5 questions with intermal choice in one question The fallowing quesifons are very short

SECTION-B

answer type.and carry Z marks each

17

(1) On mixing liquid X and liquid Y, volume of the resulting solution decreases. What type of deviation
from Raoult's law is shown by the resulting solution? What change in temperature would you chserve
after mixing hiquids X and Y7

{ir) Why are the aqualic species more comforiable in cold water in companson to warm  ‘water?

18

The thermal decomposition of an acid is a first order reaction with a rate constant of 2. 3x10-2 5" at a
certain temperature. Calculate how long it will take for three-fourths of the inibal guantity of acid to
decompose.

(log 4= 08021, log 2 =0.301)

19

Which one of the following m 2ach pair is more reactive towards Sw2 reaction and why 7
(i) CHy;- CH,- lor CHyCH, - C/

(i) D--::m Q—tH Cl
Or

Arrange the folfowing in the increasing order of their reactity fowards Sy reachons :

(i)  2-Bromo-2-methylbutane, 1-Bromopentane, 2-Bromopentane
(i) 1-Bromo-3-methyvlbutane, 2-Brome-2-methvibutane, 2-Bromo-3-
methylbutane

20

Give chermical tests to distinguish between the following pair of compounds -
(i) Pentan-2-one and Pentan-3-one:
(i) Benzaldehyde and Benzoic acid

21

(a) Which of the following biomolecules 1s insoluble in water? Jushify.
Insulin, Haemoglobin, Keratin,
{b) Write the chemical reaction which give evidence of linear chain of six carbons in - glucose

SECTION-C

This secfion contains 7 questions with intermal choice in one question. The fallowing questions are short answer

type gnd camy 3 Marks each.

22 Ceaiculate the emf of the following cell at 236 K - 3
Al (s) | AR (0.001 M) [| NiZ(G.1 M) | Ni (s)
Given: [ E%f*m=—168V, E%w =-025V]
23 A first order reachon i1s 50% complete in 30 minutes at 300 K and in 10 minutes at 320 K. Calculate 3
activation energy (Ez) for the reaction.
[R=8314 J K-'mol]
[Given : log 2=0.3010. log 3 = 04771, log 4 = 0.6021]
24 (a) What are the hydrolysis products of (1) Lactose, (i) Maltose 7 2+1
(b) What is denatured protein? =3
25 (a) An organic compound ‘A", having the molecular formula CzHg0r on treatment with Cu at 573 K, | 1+1+1
gives 'B'. 'B' does not reduce Fehling's solution but gives a yellow precipitate of the compound 'C" with =3

la/ NaOH. Deduce the structures of A, B and C.
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(b) Write the equation involved in (1)Reimer-Tiemann reaction.
(1) Willamson's synthesis

(B) (i) Identify Ao D 2+1
T = ] . P :3
OH,CO00H —5, A H2/Pd-BaS0 , g OCH-Mebr , ¢
(i) H,0"
lliﬁuh
D
() How will you convert Ethanal into But-Z-en-1-al (Give chemical reaction)
26 (a) Write the electronic configuration of Fe* on the basis of crystal field theory when it forms an 3x1=3
octahedral complex in the presance of -
(1) strong field ligand, and {ii} weak fisld ligand.
[Atomic number - Fe = 26]
(b) [NICla]* is paramagnefic while [Ni(CO)«] is diamagnetic. Why ?
27 {2)Why Nucleophilic substitution is difficuit in chiorebenzena? Explain. 3x1=3
(b) How the following conversions can be carmed out? (Write chemical reaction only)
(I} 1-Bromopropane to 1-Fluaropropane
(i) Ethanol to propanenitrile
28 (a) Write the mechanism of the following reaction 1+1+1
H™ - =3
CH,CH,OH ——— CH., = CH, + H,O
sCH00 3% = g+ Hp

SECTION-D

The foliowing questions are case-hased quesiions: With internal choice in one question of both case based study
question and carmies 4 (2+1+1) marks each.

28

The conductivity or specific conductivity of an electrolylic solution varies with the concentration of the
solutions of different electrolytes. For companng the conductances of the solutions of different
electrolytes, it is essential that the solutions should have equal volumes and they must contan definite
ampunt of the electrolytes which give ions carrying the same lotal eharge. The conducting power of
an electrolytic solution can be expressed in terms of equivalent conductance and molar conductance.
The molar conductance of a solution does not vary linearly with conceniration and it is related with
specific conductance. The effect of molar conductance can be studied by plotting values against the
sguare root of the concentration. Following two figures show the behaviour of strong and weak
electrolytes with change of concentration.

=& Strong electrolytes <

Weak electrolytes

Jo —+ Je —=

| Arswer the following questions-
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a | What is meant by limiting molar conductivity?

b

Why on dilution the miolar conductance of CH;COOH increases drastically while that of CHyCOONa
incregases gradually?

The molar conductivity of a 1.5 M solution of an electrolyte is found to be 138.9 S cm? mol-'.
Calculate the conductivity of this solution.

Or
Calculate the degree of dissociation (a) of acetic acid i its molar conductvty (hm) is 38.05 S cm?
mol-!. Given Ao H - = 34965 em?mol! and AcHicoo =409 S emPmol.

30

In coordination compounds, metals show two types of linkages. pnmary and secondary. Primary
valencies are lpnisable and are sabisfied by negatively charged ions. Secondary valencies are non-
ionisable and are satisfied by neutral or negative ions having lone pair of electrons. Prmary valencies
are non-directional while secondary valenciss decide the shape

ofthe complexes and is equal to the coordination number of the metal atom/ion.

Answer the following questions-

If P{Cl2 2NH3 does not react with AgNO3, what will be its formuta ?

What 15 the secun&:_w uéliency Df-‘[EE)tE!:tEﬁr'}

(i) Write the formula of Iron(lihexacyanidoferrate(ll).
(il) Write the IUPAC name of [Cr(NHz)sC1] Cla.
Or
1 moles of AgCl is precipitated when 1 mole of CoClz 4NH: is treated with excess of AgNO3
-solution. White the correct formula of complex and write ifs IUPAC name.

1+1=2

SECTION-E

The following guestions are long answer types and carry 3 marks each. All guestions have an Intemal choice.

[ 31

(a) (1) Blood cells are 1sotomc with 0.8 % sodium chlonde solution. What happens if we place blood
cells in a solution containing  0.4% sodium chlonde solution?

(1) Qut of two 0.1 molal aqueous selutions of glucose and of potassium chlonde. which one will have
a higher boiling peint and why?
(ii) When 2 586 g of sulphur was dissolved in 100 g of CSz, the freezing point lowered by 0.383 K.
Calculate the formula of sulphur (Sy).
[Ki for CS2 = 3.83 K kg mol-!, Atomic mass of Sulphur =32 g mol-]
Or
(bj (i\What type of deviation is shown by a mixture of ethanol and acetone? What type of azeotrope
is formed by mixing ethanol and acetone?
(i) Gas (A) is more soluble in water than Gas (B) at the same temperature. Which one of the two
gases will have the higher value of K« (Henry's constant) and why?

g of water, assuming Na;30. undergoes complete jonisation. (Kb for water =052 K kg mol-'}

(¢) Caleulate the boiling point of solution when 2 g of Na2S04 (M = 142 g mol-') was dissolved in 50

| 141
+3

Or

1+1
43
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32 | (A)An aromatic compound ‘A’ of molecular formula C7H70N undergoes a senes of reactions as 51
shown below. Wnie the structures of A, B, C, D and E in the following reactions =5
) . Br,+KOH . NaNO, + HC1 CH,CH,OH
(,?]:l!-;rﬂ:\ (_.EH_:-.N H.z K X E-
CHCls + NaOH K1
D E
Cr
{B)(a) Give reason
{1} Aniline does not undergo Friedel-Crafts reaction, Explain why?
(n) Pramary amines have higher bolling points than feriary amines. Explain why? Or
(b} Write the structures of A, B and C in the following
. e : - 2+
; e Bra/aq. KOH NaNO; + HCl Kl
(i) C(Hs—CONH, —= A “"_5_:, - B c |2
KON LA CHCy + ale. kO +1§
(i) CH;—Cl A——— B == -C &
33 | (a) Account for the following 5
(i) Mn shows the highest oxidation state of +7 with oxygen but with flucrine it shows the highest =5
onadation state of +4.
(i) Cr** is a strong reducing agent.
(iil) Cu?* salts are coloured while Zn= salls are white.
(b) Complete and balance the following chemical equations -
(1) 2MnO, + 4KOH + 0, —2
9] CrO * 46 R
(2) Cr b + 14 + 61 or
Or
(a) Account for the following 7+2
(1) B2 value for MnZ/ Mn2* couple is much more posifive than that for Cr3t Cr2+ =5

(1) 8c* 1s colourless whereas Ti** is coloured in an aguecus solution.
(il Actinides show wide range of oxidation states.
{b) Write the chemical equations for the preparation of KMnOs from MnOz.

Scan the OR code for marking scheme /solution of above Question Paper.

SAMPLE PAPER (2026-27)
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SECTION-A

Question 1to 16 are multiple choice questions. Only one of the choices is comect. Select and write the

comrect choice 35 well as the answer to these queshions.

1

The reaction
ROH+Na———RONa" + Hi(g)

suggests that alcohols are:
(A) Acidic (B) Basic (C) Neutral (D) Amphaoteric

Consider the following cell at 208 K:

Ma (s) | Mg* (10 M) || Cu® (1-0 M) | Cu (s)

How can we increase the emf of the cell using the same substances 7
(A) By decreasing only the [Mg*]to 0-1 M

(B) By decreasing only the [Cu™]1to 0.1 M

(C) By increasing both [Mg*] and [Cu™]te 2-C M

(D) By increasing only the [Mg™]to 20 M

For the reaction A+ 2B &C + D, the rate law is given by r = k[A][BE , the
concentration of A kept constant while that of B is doubled. The rate of the reaction will:
(A)Double (B) become half (C) not change (D) quadruple

Sy

Manganate ion is paramagnetic due 1o the presence of ¢
{A) one unpaired electron (B) two unpaired electrons

(C) three unpaired electrons (D) fully paired electrons

The r:hehaﬂng Ilgand used for the treatment of lead poisoning is |
{A) Ethane-1,2-diamine (B) Oxailate ion
(C) Dimethylglyoxime (D) EDTA

Cnadation of chloroform by air in the presence of sunlight produces a poisonous gas known as
(A) Mustard gas (B) Tear gas
(C) Chlorine gas (D) Phosgene gas

Lucas reagent produces cloudiness immediately with -
(A) 2-methyl-1-propanol {B) Butan-2-ol
(C) 2-methyl-2-propanal (D) Butan-1-ol

‘In the reaction of NaOBr with amide, the carbonyl carbon is lost as

(A) HCO= (B) COs*

(C)CO:. (D) CO

What is the correct order of | pi‘(r values of the following amines?
(&) Methanamine = Ethanamine > Benzenamine
(B) Benzenamine = Ethanamine = Methanamine
(C) Ethanamine = Methanamine > Benzenamine
(D) Benzenamine = Methanamine = Ethanamine

10

Nucleic acids are palymers of -
(Ayamino acids (B) nucleosides
(C) nuclectides (D) pentose sugar

11

The pasition of — Br in the compound
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CH=CH - Ll'.'H -CH,
Q/ Br

can be classified as
(&) Vinyhc (B)  Allylic
(C) Benzylic (D)  Aryl
Dunng electrolysis of dilute H:S04 using platinum electrodes the gas evolved at the anode is
{@)Hgas _ (b)O:gas (c)SQ:gas  (d)SOsgas

Assertion {A): Chlorcbenzene is less reactive towards nucleophilic substitution reactions
than chloroethane.

Reason (R): In chiorobenzene, the C—Cl bond has partial double bond character due to
resonance.

a) Both A and R are true, and R is the comrect explanation of A

b) Both A and R are true, but R is not the comect explanation of A

c) Ais true, but R is false

d) Ais false, but R is true

 Assertion (A): KMnO; acts as a strong oxidising agent in acidic medium

Reason (R): In acidic medium, Mn in KMnO, gets reduced from +7oxidation state to +2
oxidation state

a) Both A and R are true, and R is the correct explanation of A

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

c)Ais true, but R is false

d) Ais false. but R is true

15

Assertion (A}): [Fe(CN):J*- is a low-spin complex, while [FeFz}*- is a igh-spin complex.

Reason (R): F-is a strong field ligand and causes pairing of electrons, whereas CN-is a

weak field ligand and does not cause pairnng.

a) Both A and R are true, and K 15 the correct explanation of A

b) Both A and R are true, but R is not the correct explanation of A
c)Als true, but R is false

d) Ais false, but R is true

16

Assertion (A): Alcohols act as Lewis base.

Reason (R): It is due to presence of shared electron pairs on oxygen which makes them
proton denors.

a) Both A and R are true, and R 15 the correct explanation of A

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

c) A s true, but R i1s false

d) Ais false, but Ris true

SECTION B
Question No. 17 to 21 are very short answer questions carrying 2 marks each.

17

(i) Aniline does not undergo Friedel-Crafts reaction.

(i) Diazomum salts of aromatic amines are more stable than those of aliphatic amines.
OR

Carry out following conversions
|. Nitrobenzene to 4- bromobenzenamine

Ii. Chlorophenyimethane to 2-phenyl-ethanamine

18

For a chemical reaction vanation in rate with cone 15 shown
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i

Hate

Clonig, —=

(i) What is the order of the reaction?
(it) What are the units of rate constant k for the reaction?

10

[Cr (NH:z)s] > is paramagnetic while [Ni (CN): ¥ is diamagnetic. Explain why?

Arrange the following compounds in increasing order of their property as indicated -
(1) O:N-CH:-COOH, F-CH-COOH, CN-CH:-COOH (Acidic character)
(2) Ethanal, Propanal, Butanone, Propanone (Reactivity in nucleophilic addition reactions)

21

What are the hydrolysis product of
{I) Sucrose (i) Lactose

SECTIONC
Cluestion No. 22 to 28 are short answer questions, camying 3 marks each.

Write chemical tests to distinguish between: (Any 3)
{1} ethancl and phenol
(ii) propanol-1 and propanal-2

{1i) propanol and propanal
{iv) Pentanone - 2 and Pentanone — 3.

23

Calculate the mass of NaCl (molar mass = 58.5 g moi™) reguired to lower the freezing point
of water by 2.0 K (Given® K: for water = 1.86 K kg mol™; assume complete dissociation of
NaCl ; mass of water = 500 g).

24

The standard reduction potentials are:

e E:Cu®/Cu=+0.34V
e E-Ag'/Ag=+080V

A galvanic cell is constructed as
Cu(s)|Cu*(ag, 1MW) 1Ag+{ag, IM)IAg(s)

1 ldentify which electrode acts as anode and which as cathode.
2. Write the cell reaction.
3. Calculate the standard emif of the cell.

25

A first order reaction is 50% complete in 30 minutes at 300 K and in 10 minutes at 320
K Calculate activation energy (Ea) for the reaction [R = 8314 J K™ mof™]
[Given: log 2=0.3010, log 3=04771, log 4 = 0.6021]

26

Draw structures of geometrical isomers of [Pt{NH=).Cl.]. Which one shows optical iscmerism?

27

An alkyl halide (A) of molecular formula C:H:Cl on treatment with alcoholic KOH gives two
isomeric alkenes (B) and (C) of molecular formula CzH.+;. Both alkenes on hydrogenation give
2 3-dimethylbutane, Write the structures of (A), (B) and (C).

28

(a) Write the product when D-glucose reacts with conc. HNO=.

(b) A student adds a few drops of HCl to an agueous solution of glycine and observes that it
behaves like a cation. When NaOH is added instead, glycine behaves like an anion. Which
property of amino acids does this expenment demonsirate? Explain the reason behind this
property.

(c) Write one difference between o -helix and B -pleated structure of protein.

SECTION D
Question No. 29 & 30 are case-based/data -based questions carrying 4 marks each
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289

Read the passage given below and answer the following questions:

A patient was admitted to the emergency ward after being rescued from a collapsed building
where he had been trapped without food for nearly two days. He was extremely weak and
unconscious. The doctors immediately provided him with an miravenous injection of 5%
glucose solution instead of giving him solid food or starch solution. Within a short time, the
patient regained consciousness and his energy levels improved. Doctors avoided giving starch
solution. Medical staff also monitored his urine sample to check if there was an abnormal
presence of glucose, which could indicate diabetes.

Questions:
a) Why was glucose preferred over starch as an immediate source of energy’?
b) Write the open chain structure of glucose:
c) Give the reaction of glucose with bromine water. What does it indicate about the nature of
glucose?
OR
d) Name the two cydic structures of glucose and explain why they exist.

I 30

Read the passage given below and answer the following questions:

Raoult’s law states that for a solution of volatile liquids, the partial vapour pressure of each
compenent of the solution 1s directly proportional to its mole fraction present in solution.
Dalton's law of partial pressure states that the total pressure (pw=) over the solution phase in
the container will be the sum of the partial pressures of the components of the solution and is
given as Puew = Py +F:

Vapour pressurne Vapodr pressure
of solution . of solution
o L
Ei - - -
.E i '\-_“‘ -
T 4 ol -
) > o, -
& 8 Sy
'E - "J-u_." Q
- E - i
= = P .
x = - Sy
3 = et .
- -~
x, =0 Mole fraction x, =] X =) Mole fracikem *,=1
=) X - Xz v — Xe=()
€« x X

() fls)

a) What type of deviation from Raoult’s law does the above graph represent?

(1) First positive then negative

(it} Negative deviation

(i) Positive deviation

(iv) First negative then positive

b} In comparison to a 0.01 M solution of glucose, the depression in freezing point of a) 0.01
M MgCls solution is
{I) the same

(ir) about twice

(in) about three times
{iv) about six times

145




£}, A solution of two liquids boils at a temperature more than the boiling point of either of

them. What type of deviation will be shown by the solution formed in terms of Raoult's law 7
OR

During a laboratory expenment, a student mixes two miscible liquids. He notices that the

vapour pressure of the solution is lower than pradicted by Raoult’s law. Consequently, the

solution boils at a temperature higher than the boiling points of the pure components. What

£an be concluded about the solution?

d)Which of the following agueous solutions should have the highest boiling point 2(i) 1.0 M
NaOH

{i) 1.0 M Na=504

(i) 1.0 M NH:NOz

{iv) 1.0 M KNO;

SECTIONE
Clueshon No. 31 to 33 are long answer type questions cammying 5 marks each.

3t

32

a) From the given cells: Lead starage cell, Mercury cell, Fuel cell and Dry cell -
(i) Which cell 1s used in heanng aids?
() Which cell was used in Apollo Space Programme?
(i) Which cell is used in automobiles and inverters?
{iv) Which call does not have lang life?
b) Write one difference between primary and secondary cells
OR
a) The electrical resistance of a column of 50 mol m~= NaOH solution of diameter 1 cm and
length 50 cmis 5 55X10° ohm. Calculate its
(i) resistivity (i) conductivity (in S m™') (i) moiar conductivity (in S cm® mol™)
b) State Kohirausch's law of independent nigration of ions. How 15 it useful in calculating
malar conductivity of weak electrolytes?

(a) (i) Carry out the following conversions -
(1) Ethanal to But-2-en-1-al
(2) Propanoic acid to 2-chloroprepancic acid
(ii) An alkene with molecular formula CsHye on czonolysis gives a mixture of two compounds ‘B’
and 'C’. Compound ‘B’ positive Fehling test and also reacis with iodine and NaOH solution:
Compound ‘C’ does not give Fehling solution test but forms lodoform. Identify the compounds
‘A, 'B'and 'C".
OR

(b) (1) Distinguish with a suitable chemical test .

(1) CHaCOCH:CH3 and CH:CH:CH:CHO

(2) Ethanal and Ethanoic acid
{11} Write the structure of oxime of acetone.
(i) Identify Ato D.

EHHUUDH ﬂh A Hgff‘&—l'luﬂ{l!__’ R Ihm‘i!mﬂr o
i 00
J’l.iAIH‘

D

Assign reason for each of the following - (Any 5)

(1) Manganese exhibits the highest oxidation state of +7 among the 3d series of transition
elements:

(i) Transihion metals and their compounds are generally found to be geoed catalysts in
chemical reactions.

(3]
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(i) Cr** i= reducing in nature while with the same d-crbital configuration (d*) Mn™ is an
cxidising agent.

(iv) Zn has lowest enthalpy of atomization.

(v) Cu™ 15 unstable in an agueous solution.

{vi} Maost of the actinides radioactive.

{vit) The enthalpies of atomisation of transition elements are gh.

Scan the OR code for marking scheme /solution of above Question Paper
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CHEMISTRY (043)
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SECTION-A
Question 1 to 16 are multiple choice questions. Only one of the choices is correct. Select and write

the correct choice as well as the answer to these questions.

1 Which of the following solutions of KCI will have the highest value of | [1]
conductivity?
a)osm b) 0.01Mm c) 0.1Mm d)10M
2—‘ch ) J’__GEH:CH, ]
e Y
H OCH:CHy
Above shown Acetal is formed by the reaction between A &B in the presence of dry HCI.
|dentify A and B.
a) A is Methanal, B is Methanol b) A 1s Methanal, B is Ethanol
c) Ais Ethanal, B 15 Methanol d) A is Ethanal, B 1s Ethanol
3 Vitamin deficiencies can manifest in a variety of symptoms and diseases depending on the | [1] '
specific vitamin lacking. Deficiency of Vitamin B1 m the body would cause-
a) Convulsions b) Beri-Beri c) Cheilosis d) Sterility
- What is the IUPAC name of the Ketone A, which undergoes Clemmensen [1]
reduction to form Ethyl benzens?
a) Propan-2-one b) 1-Phenylethanone
c) 3-Methylbut-2-en-ane d) Butan-2-one
5 A molecule’s dipole moment depends on two pnmary factors. the electronegativity | [1]

difference between its bonded atoms and its overall molecular gecmeiry. Which one of the
following has the highest dipole moment ?

a) CHsF b) CHaCl
c) CHsBr d) CHal
6 Maich the properiies with the elements of 3d series: [1]
(i)Element with highest M.P. {(p)Cr¥
(ijElement showing +3 oxdation state {(g)Cr
(in)\ost stable 1on in agueous solution (r) Fe
(s) Sc
(a) (1) (g), (i) (s), i) (p) (b) (1) (s),(i) (@), (i) ()
() () (@), () (p), (i) (r) (d) (1) (p). (1) (q),(im) (r)
¥ Which of the following is not correct about the order of a reaction: [1]

(a) The order of a reaction can be a fractonal number.
(b) Order of reaction is expenmentally determined quantity,
{c ) The order of a reaction is always equal to sum of the stoichiometric coefficients
of reactant in the balanced chemical equation for a reaction.
(d) The order of a reaction is the sum of the powers of molar concentrations of the reactants
in the rate law expression.

8 Which of the following will be most stable diazonium salt RN <X-? 1]
(a) CH3CH:Nz X~ () CoHaN *X -
(c) CHaNz %~ (d) CaHsCHzN2 " %~
a The aromatic compounds having formula C;H:0 which are easily dentiiable by FeCly [11
solution test are:
(a) o-cresol &benzyl alcohol (b) m-cresol & p-cresol
{c ) o-cresal & p- cresol (d) methyl phenyl ether and benzyl alcohol
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|
-

The decomposition of NH; on platinum surface is zero order reaction. What is the rate of

production of H2 If k= 2.5 = 10— mol/L/Sec?
(2) 7.5 % 10— mol/L/Sec (b) 6.5 = 10— mol/L/Sec
(c) 5.7 = 10— mol/lL/Sec {d)7.1 x 10— mol/L/Sec

_Why_ﬂm?ﬁﬁrﬁﬁenui is less soluble in water than p—ana m—n'riaphennf'?

{a) Due to intramolecular H- bonding
(b) Due to intermolecuiar H-bonding

{c} M.F. of o-nitrophenal lower than p- and m- nitrophenol
(d) o- nitrophenaol 15 more steam volatile:

e A" giiny el |
He= —— 5" period
= ——— " vt |

1AL

AT

The trend of which property is represented by the above gragh?
(a) lonization enthalpy {b) Atomic radii
(c ) Melting point (d) Enthalpy of atomzation

i

[1]

o

13

Given below are two statements labelled as Assertion (A) and Reason (R):

Assertion Ethers behave as bases in the presence of Mineral acids.
Reason: Due fo the presence of Lone pairs of electrons on Oxygen.
Select the most appropriate answer from the options given below
(a) Both A and R are true and R 15 the comrect explanation of A

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

(c) Alis true but R is false.

(d) A s false but R is true.

Given below are two statements labelled as Assertion (A) and Reason (R):

Assertion: Carboxylic acids are more acidic than phenol.

Reason: Phenols are ortho and para directing.

Select the most appropriate answer from the options given below:
(a) Both A and R are true and R 15 the comrect explanation of A

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

(c) Ais true but R is false.

(d) A is false but R is true

m

[1

15

Given below are two statements labelled as Assertion (A) and Reason (R}):

Assertion: Albumin is globular protein.

Reason: Polypeptide chain coils around to give a straight chain.
Select the most appropriate answer from the options given below:
{a) Both A and R are true and R is the comrect explanation of A

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

(c) A is frue but R is false,

{d) Ais false but R is true

i

16

Given below are two statements labelled as Assertion (A) and Reason (R):

Assertion: Electrolysis of NaCl sclution gives chlorine at anode instead of Oz
Reason: Formation of oxygen at anode requires overvoltage.
Select the most appropriate answer from the options given below:

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

| (b) Both A and R are true but R is not the correct explanation of A,
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(c) Ais true but R 1s false.
(d) A is false but R is true

SECTION B
Question No. 17 to 21 are very short answer questions carrying 2 marks each.

acid to give a carboxylic acid (B) and an alcohol (C). Oxidation of (C) with chromic acid

| produced (B). (C) on dehydration gives but-1-ene. Write equations for the reactions involved.

150

17 (1) Gas {A) 1s more soluble in water than Gas (B) at the same temperature. Which one [2]
of the two gases will have the higher value of KH (Henry's constant) and why?
(i) What happens when we place the blood cell in water? Give reason for your answer.
18 | Afirst order reaction takes 69.3 minutes for 50% completion. How much time will it take for | [2]
80% completion? (log 2 = 0.3010, log 5 = 0.6990, log & = 0.9030)
19 a) Arrange the following compounds in order of decreasing boiling point. (2]
Bromomethane. bromoform, chioromethane. dibromomethane
(b} The treatment of alkyl chioride with aq. KOH leads to formation of alcohol but n presence
of
alcoholic KOH, alkenes are the major products. Explam why?
20 a) Propanone is less reactive than ethanal towards addition of HCN. Explain [2]
b) Give Chemical tests to distinguish between acetophenone and benzophenane
(OR)
a) Convert Ethylbenzene intc benzoic acid
(b) Convert Propanone o propene
21 Answer the following - 2]
{a) What type of linkage is responsible for the formation of proteins?
(b) Show with the help of a reaction that glucoese contains six carben straight chain
SECTIONC
Question No. 22 to 28 are short answer questions, carrying 3 marks each.
22 | Answer any three? &
a) Write the formula for the following coordination compound:
Amminebramidachiondomitrito-N- platinate(ll)
b) Fes0, solution mixed with (NH4)250, solution in 1.1 molar ratio gives the test of Fe &
but CuS0O. solution mixed with agueous ammonia in 1:4 ratio does not give test of Cu™
ian. Expiain why?
c) Alligand has two donor sites but at a time it binds from only one donor site: ldentify the
ligand giving one sultable example?
(d) [NICLJ* 1= paramagnetic, while [Ni(CO).] is diamagnetic though both are tetrahedral
Why?
23 a) Why it is a necessity to use a salt- bridge in a Galvanic cell? [3]
b) Calculate Am® for CaCl: from the following data:
Am? (Ca**)=119.0 S cm® mol', Am® (C) = 76.3 S cm® mol!
c) The electrical resistance of a column of 0.05 M NaCH solution of diameter 1 cm and
length 50 cm, is 5.55 = 10 * Ohm. Calculate its conductivity
24 White the structure and IUPAC name of product formed when- [3]
(a) Phenol is treated with NaOH followed by heating with CO; at 400 K at 4 o 7
atmospheres.
(b) Sodium ethoxide reacts with bromomethane.
(c) Phenol reacts with concentrated nitric acid and conc. HzS0..
25 An Drgar_lia—: cummunﬂ]ﬁj (molecular formula Ca H‘Iﬁd}_} was hydmlysedﬁiﬁdﬂute sulphunc [iij_'
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(a) Differentiate between the following
(1) Essential and non-essential amino acids.

{11} Fibrous and globular protems.
(b) Which one of the following is a polysacchande:
Starch, Maltose, Fructose, Glucose

(3]

27

(a) Write the mechanism of the following reaction

BIOH-H,0D

n-BuBr+ KCN n-BuCN

{b) Gngnard reagents should be preparad under anhydrous condition. Explain

B

28

(2) Define order of reaction.

{b) A reaction is first order with respect to A & second order with respect B.

(HHow is the rate affected on increasing Concentration of B three times?

(mMHow 15 the rate affected when concentration of A is reduced to half & that of B is
doubled?

(3]

SECTION D

Question No. 29 & 30 are case-based/data -based questions carrying 4 marks each.
Read the passage given below and answer the following questions

28

A research team studies three complexes

» Complex A [Pt{NHz)CIz][Pi(NH:).Clz:] — used in chemaotherapy.

» Complex B: [Co{NH:):CLE]CI[Co{NH:)«Clz]Cl — wiolet solid, conducts electricity in water.
» Complex C: Ks[Fe{CN)sjKFe(CN}:] — pale yellow salt, diamagnetic_

During tests, they note:

« A shows geometrical isomerism.

« B produces three ions in agueous solution.

+ C shows no unpaired electrons.

1. Write the IUPAC name of Complex B.
2. Identify the type of isomensm shown by Complex A and name the medicinally active
Isomer.

3. Calculate the oxidation state of the central metal in Complex C

2‘[4

(1+
1+

2)]

30

The standard electrode potentials are very important and we can extract a lot of useful
information from them. If the standard electrode potential of an elecirode is greater than zero
then its reduced form is more stable compared to hydrogen gas. Similarly, if the standard
electrode potential s negative then hydrogen gas is more stable than the reduced form of
the species. It can be seen that the standard electrode potential for fiuorime is the highest in
the electrochemical senes indicating that fluonne gas (Fz) has the maximum tendency to get
reduced to fiucnde ions (F) and therefore fluenne gas is the strongest oxidising agent and
fluoride ion is the weakest reducing agent. Lithium has the lowest electrode potential
indicating that lithium ion 15 the weakest oxidising agent while lithium metal is the most
powerful reducing agent in an agueous solution, It may be seen that as we go from top to
bottom in in electrochemical series the standard electrode potential decreases and with this,
decreases the oxidising power of the species on the left and increases the reducing power
of the species on the nght- hand side of the reaction.

(a) Write cell reaction of Zn and Cu cell.

(b) E® reduction of three metals A, B, C are respectively + 0.5V, - 20V, 1.2V write the

decreasing order of reducing power of these metals.

(c) A student prepared 1 molar agqueous solution of silver nitrate and stirred the solution
with copper spoon. Pourt out if he has committed any mistake.

(OR)
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Silver articles get tarmished gradually due to the formation of Ag:S layer. In order to remove
the tamish a student placed the silverware in agueous solution of sodium chionide taken
in alunminum vessel. Will he succeed or not? Justify.

E? AF3AI=-166Vand E° Ang{SFA'g{SF}f -071V

SECTION E

Question No. 31 to 33 are long answer type questions carrying 5 marks each.

3

ANSWER THE FOLLOWING:
(a) The d* species, Cr** is strongly reducing whereas manganese (lll) is strongly
oxidising. Why?
(b) How would you account for the following: Zr (Z = 40) and Hf (£ = 72) have almost
identical radii
(c) What are different oxidation states exhibited by lanthanoids?
{dyWhich of following cations are colored in agueous solutions and why? S

V3 Ti%, Mn®* (At. No. Sc=21, V=23 Ti=22 Mn=25)
(e) State reasons for the Cu (I) ion is not stable in an agueous sclution.

CR

(a) How do you prepare K:MnQOj from MnO:z?

2 2% +
(b) Complete the given chemical equation- Crz:07 +Fe + H-=

(c) Account for the following -
(1) Zn1= considered as non transition element.
(i) Chemistry of all lanthanoids is quite similar.
(i} Transition element form alloys.

[5]

32

(1) Calculate the amount of KCI which must be added to 1kg of water so that the freezing
point is depressed by 2 K (the Kf for water = 1.86 K kg mal').
(i) Define azeotropes. What type of azeotrope is formed by negative deviation from
Raouit's law? Give an example.
Or

(i) A solution containing 15g urea (molarmass= Eﬂgmul_1} per litre of solution in water
has the same osmotic pressure (isotonic)as a solution of glucose(molar mass = 180
g mul_1]| in water. Calculate the mass of glucose present in one litre of its solution.

(ii) Define the term 'osmotic pressure’. What is the advantage of using osmotic pressure as
compared to other colligative properties for the determination of Molar masses of solutes in
solufions 7

B

33

(a) An aromatic compound ‘A’ on treatment with agueous ammonia and heating, forms
compound ‘B' which on heating with Brz and KOH forms a compound 'C' of molecular
formula CeH:-N. Write the structures and IUPAC names of compound A, Band C
(b) Amrange the following; (i) In decreasing order of the pKb values
CzHsNHz | CsHsNHCH: . (_CzHﬁ :I-ENH- and CsHsNH:
(1) In increasing order of basic strength:
Aniline, p-nitroaniline and p-toluidine
OR
(@) Complete the following reactions:

(1) CaHsN:zCl + H:PQ:z + H:0 =

[5]
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(i) CaHaNH: +Brz(ag) -

(b) Account for the following

{1} pu of anilime is more than that of methyl amine

(ir) Aniline does not underge Fredel-Craft reaction
(i) Ethyl amine is soluble in water whereas aniline 1s not.
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We have three agqueous solutions of NaCl labelled as “A", ‘B’ and ‘C” with concentrations
0.1M. 0.01M and 0.001M respectively. The value of van™t Hoff factor for these solutions
will be in the order

(a) 1a <B<IC (b)ir=m>ic
()ia=ig=1ic (d)is<ip>1g

Il_‘-..]

Which of the following statement 15 not correct about an mert electrode 1n a cell?
{a) It does not participate in the cell reaction.
(b} It provides surface sither for oxidation or for reduction reaction.
{c) It provides surface for conduction of electrons.
{(d} It provides surface for redox reaction.

Lad
i

LA

| Which of the ftlrr'iim-hﬂg statement 15/are correct’

Kx value for Ar(g). CO2(g), HCHO(g) and CHu(g) are 40.39.1.67. 1 83 x 107 and 0.413
respectively. Arrange these gases in the order of their increasing solubility.

(a) HCHO < CH: <CO:2 < Ar (b) HCHO = CO2<=CHs<Ar

(c) Ar <(CO: < CHy<HCHO (d) Ar <= CHs < CO:<=HCHO

Given that: B4 = 0.80 V. B0 = 237 V. Bl Pea =034 V.,
(1) AeNOy can be stored in a copper vessel
(1) Mg{NO:)z can be stored in a copper vessel
(iir) CuCl: can be stored in silver vessel
(a) (32) and (&) (b) (i) and (:7)
(c) (ii7) only (d) (7). (i7) and (iir)

Acidified K2Cr07 solution turns green when SO: gas is passed through it due to formation ¢
{a) ?ﬂ{S[}q.}:- (b) CrOs™ (l:} Crz(S0:): {d) CrS0s .

At lugh pressure the -f_'{;ilcwing feaction 1s zero order,
2NH;(g) 1130K platinum catalyst — Nz(g)+ 3H:(g)
Which of the following option is not correct for this reaction?
(2) Rate of reaction = Rate constant
(b) Rate of the reaction depends on concentration of ammonia.
(c) Rate of decomposttion of ammonia will remain constant until ammonia disappears
completely.
{d) Further increase in pressure will change the rate of reaction.

T

| Which of the followang has highest dipole moment?
(a) CHF (b) CH:Cl (c) CH:Br (d) CH:I

Which of the following molecule is not tetrahedral?
(2) Pr{enp]™  (b) Ni(CO)] (c) [Zn(NH:)]™  (d) [NiCL)*™

Consider the following compounds :
I- Cyclohexyl chlonide (CsH1Cl) II- Cyelohexvl methyl chlonde (CeHy-CHLCL)
[I- Phenyl chlonde (CsHsCl)
The correct order of reactivity towards Syl reaction.
fa) [MI=1=>1 (b)I=1=1I1 (c)I=I=1I (dIMI=1=1I

10.

The correct IUPAC name of the followmng compound:
CH3-CHCI-CH(CH3}-CH(OH)-CH2-CHz-Br

(a) 1-brome-3-chloro-4-methylhexan-3-ol

{b) 6-bromo-2-chloro-4-methylhexan<4-ol

{c) 1-bromo-4-chlore-3-methvlhexan-3-ol

(d) 6-bremo-3-chloro-4-methylhexan-3-ol

E N

i Which of the following 15 not solubie mm NaHCO:7
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(a) 2.4 6-Trimitrophenol (b) Benzoic acid
{c) o - Nitrophenol (d) Benzene sulphonic acid

When hypophozphorus acid (HiPOz2) 15 added to benzene diazonium chlonde, . the product
formed 1s-

{a) Benzene (b) Phenol (c) Amidine (d) Nitro benzens

| From Q. No.1 to 16 are ASSERTION AND REASON QUESTIONS

In the following questions a statement of assertion followed by statement of a reason 15 givy
Choose the comrect answer out of the following choices.

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

(b) Both A and R are true but R 15 not the correct explanation of A
{c) A 1s true but R is false.

{d) A 1= false but R 1s true.

et
Lakd
v

Assertion (A): All collisions of reactant molecules lead to product formation.
Reason (R): Only those collisions in which molecules have correct onentation and
sufficient kinetic energy lead to compound formation

14

Assertion (A). Transihion metals show vanable valency.
Reason (R): Transition metals have less energy difference between the ns” and (n— 1)d
electrons.

-
(o

Assertion (A); Mohi s salt 15 a double salt.
Reason (R): Mohr s salt sives Fe™, NHy and SOs* in aquecus solution

16.

| Assertion (A): KCN reacts with methvl chlonde to give methyl 1socyvanide.

Reason (R): CN" 15 an ambident nucleophile.

SECTION -B

17.

18,

In Arthenius plot of In k Vs 1'T 15 a linear plot obtained with slope of -2 x 107 K.
Calculate Ea of reaction i kJ mol™

OR
A nuclear reaction completes 30% m 20 minutes and 87.355% n 1 hour. Caleulate rate
constant and time to reduce to its 253%

' (a) Write the [UPAC name and hybridisation of the complex [Fe(CN)s] .

(Given: Atomic number of Fe = 26)
(b) What is the difference between an ambidentate ligand and a chelating ligand?

EEs

19.

Ethenal solution of an organic compound “A° when heated with magnesium gave
‘B’. ‘B on treatment with ethanal followed by acid hydrolysis gave 2-propanol
Identify the Compound "A and justufy that 'B” needs to be stored in anhvdrous conditions:

[

Give a chemical test that can be used 1o distingwish between
(1) CH;CHO and CsH:CH;CHO
(11) Phenel and Benzoic acid

1+1

Draw structures of only primary amines with molecular formula CsHoN.

[

SECTION -C

17

{i}5tate Kohlrausch Law.

(i) Represent the cell in which the following reaction takes place:
ZAl (s) + 3N (0.1M)  2AP* (0.01M) + 3Ni(s)

Calculate the emf if B 1,41 V.
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The reaction between A and B is of first order with respect to A and zero order
| with respect to B. Fill in the blanks i the following table:

Experiment [A] 'molL" |[B]/molLl” | Initial rate in mol L™ Minute™

0.1 0.1 2.0X107

- 02 4 0X10-

e . i

- 0.2 2.0X10*

I
I
il 04 0.4 -

1+1+1

(i) The CFSE for octahedral [CoCls]* is 18,000 cm™ Calculate CFSE for tetrahedral
[CoCle]*

(i) What happens to the colour of complex [Ti(H20)s} ™ when heated gradually?
(111)Write the hybndization and magnenc behaviour of the complex [N1{CO)4]
{Atomic number Ni=28)

1+1+]

Explain why-
{1) What 1s the mechanism of the following reaction:
n—Bufr + KON FOH—H.8 —n—BUCN

(i)Chloroform is stored in closed dark coloured bottles.
{iii}Allyl chloride can be distinguished from vinyl chloride by NaOH and silver nitrate test.
Comment.

1-1+1

26.

Complete the followmng egrations-
(2) €gH:0H ~ Conc. HND; —
(b) CHiCH:0Na = {CH:) s:C-Cl1—
(i) B2Hs
(i) HRO: /OH™

() CH3-CH=CH:

(1) Give one chemical test to distinguish between the following pair of compounds:
Methviamine and dimethylamine.

{11) Account for the following: pKy of aniline 13 more that of methvlamine.

(111) Diazonium salts of aromatic anunes are more stable than those of aliphatic amines.

1+-1+1

(1) How de vou explain the presence of five -OH groups in glucose molecule?
(1) What do vou understand by the term glyvcosidic inkage? Give one example.
(111) List one difference between a- helical and B- pleated structure.

OR

(1)Why cannot vitamin C be storad mn our body?

1+1+]

29

SECTION-D

| Read the passages given below in Question no.29 and 30, then answer the guestions
given at the end

Metallic conductance involves movement of electrons whereas electrolyitic conductance
mvolves movement of tons: Conductivity increases with mcrease in concentration

whereas A, (molar conductivity) decreases with increase in concentration.

Resistance of ionic solution was measured by wheat stone bridge but 1t had some challengy
in modemn tune conductivity cells are used. It 1s basically, consists of two platinum electrode
coated with platmum black. A, ° of strong electrolytes can be obtained by extrapolation

but for weak electrolyte 1t 1s not applicable. Kohlrausch law helps to determune hmiting
molar conductivity _degree of 1omisation and dissociation constant of weak electrolyte.

1+1+43
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(a) Out of 0.1 M and 0.01 M KCI which has higher Conductivity and why?
(b) Ag metal at 30°C or 60°C will have higher conductance and why?
() Calculate A, 0f 0.1 M ECI1 if resistance is 100 ohms and cell constant 15 1.29 em™.
OR
(¢) What will be the ionizanon constant of CH:COOH if 0.01 M has A, 40 Scm” mol™ and
A% 15 400 S em® mol™.

Read the given passage and answer the questions given at the end :
| Dr. Watson recerved his PhD. (1950) from Indiana Unrversity in Zoology and best known
for his dizcovery of the structure of DNA for which he shared with Francis Crick and
Maurice Wilkins the 1962 Nobel prize in Physiology and Medicine. Thev propesad that DN
molecule takes the shape of a double helix, an elegantly stmple structure that resembles a
gently twisted ladder DNA finper pninting and gene therapy are most advance streams of
biotechnology -DNA finger printing is used in forensic laboratories for identification of
criminals and to determine paternity of an mdividual

Gene therapy rapudly improves Night Vision. The patients had Leber Congenital
Amaurosis (LCA). a congenital blindness caused by mutation in the gene GUCY2D.
Scientist delivered AAV gene therapy, which carnies the DNA of healthy version of the
gene; into the retina of one eve for each of the patients in accordance with the clinical test

protocol. Within davs of being treated, each patient showed large increase in the treated
eve, of visual functions mediated by rod type photoreceptor cells.

GUCY?D 1= Retinal guanylyl cyelase 1 15 anenzyme: These exciting results demonstrates

| that the basic molecular machinery of photo transduction remains largely in some cases of
| LCA_ and thus can be amenable to gene therapy even after decades of blindness. Thers are
more than two dozen genes whose dysfunction can cause LCA GUCY2D: a gene encodes
a key protein needad in retinal photoreceptor cells for photo transduction cascade

| Re-supply of missing protein to start alive and intact cells working. more or less

immediately, was successful
{a) What 1s meant by DNA finger prnting? Write 1ts one application.
OR
{a) What are the hydrolysis products of DNA with Adenine as Nitrogenous base?
(b) Give two structural differences between DNA and RNA
(c) (1)What 15 GUCY2D7 what 15 1ts function?
(1) What are enzymes? What 15 thetr function?

1-1

]
ik
H

SECTION - E

.....
el
llllllll

Vapour pressurs—e

Mole fraction —e X, =0
X, = 1

x‘;T
Xy =0

157




(1) What kind of azeotrope will be formed by the solution, shown m the figure? Give one
example of the same.
(1) A decimolar solution of K4 [Fe(CN)g] 13 30% 1omised. Calculate 1tz osmeotic pressure at
300K, [R=0.0821L atm K mol]
(1i1) Elevanon of boiling point of 1 M KC| solution is nearly double than that of 1 M sugzar
solution. Give reason.
(iv) Write possible values of *i' when CH:COOH dissolved in-

{a) Water (b) Benzene,  justfy sach case also.
OR

(1) Blood cells are isotonic with 0.9% sodium chloride solution. What happens if we place
| blood cells 1n a solution contaming 1 2% sodmum chlonds solution”

(11) In nom-1deal seolution, what type of deviation shows the formation of maximum boithing
azeotropes’ Give one example also.
(111) What 1s better- 1M NaCl or 0. SM MgCl: for decreasing the freezing point of water more
effectively and why?
{iv) If X & Y form i1deal solution P%r= 430mm, P°y= 200mm 1f Pyx=Pv, then calculate

mole Fraction of Xz

A black brown coloured mineral X on treatment with KOH & O: produces a green
Coloured paramagnetic mass "Y', Y on treatment with Cl: water or O3, Produces
‘Z” which forms a purple pink solution with water. Identify, XY and 7Z_and also complete

the following reaction

Anfonof Z+ 17 HY = L +H04+?
Anion of Z + C.0,~ HT = CO0; + H.0+7
OR

{1) The third 1omization enthalpy of manganese (Z=23) 15 exceptionally high
(1) Cr™" is a stronger reducing agent than Fa'™
| (111} Name a member of the lanthanotd series which is well known to exhibit +4
oxidation state
(1v) Out of Mo’ and Cr— . which more paramagnetic and vwhy?
(Atomic no.- Mn=25%. C=24)
(iv) What is the =ffect of pH on dichromats ion solution?

(5]
i

Laa

{a) An organic compound (A), having the formula, CiHz0. on treatment with copperat 573
| B gives (B). {B] does not reduce Fehling s solution but on reaction with with Iz and NaOH
gives a yellow precipitate with a colourless compound (C). Deduce the structure of (A), (B)
and (C) and also write their IUPAC names.
(b) Write the chemical equation to tilustrate Cannizzaro reaction
(¢) Grve a chemical test to distinguish between formic acid and acetic acid

OR
An organic compound contains 6%.77% carbon, 11.63% hydrogen and rest oxygen The
molecular mass of the compound 15 86, It does not reduce Tollens™ reagent but forms an
addiion compound with sodium hvdrozensulphite and grves a positrve 1odoform test.
On vigorous oxidation. it gives ethanoic and propanoic actd. Write the structure of the
| compound. Also write all the equations of the reachions mvolved.
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SECTION-A
Queslion 1 to 16 are muitiple choice questions. Only one of the choices Is correct. Select and
write the cormrect choice as well as the answer to these questions.

1 Which one of the following first row transition elements is expecied fo have the [1]
highest second 1onization enthalpy ?

(A) lron (£ = 26) (B)Manganese (£ = 25)

{C)Chromium (£ = 24) (C) Vanadium (£ = 23)

2 For an electrolyte undergoing dissociation in a solvent, the vant hoff factor [1]
(A) Is always greater thanone  (B) has negative value
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(C)  has zerovalue (D) is always less than one

3 Which of the following compounds will give a ketone on oxidation with chromic [11
anhydnde (Cr03) ?
(A) (CHgy l_q_CH ~ CH.,OH
1By CH3CH.CH,OH
iy (CH4C - OH
(D CHy—CH,— ?H— CHg4
OH
4 Two among the three components of RNA are [-D—ribose and a heterocyclic [11
base. The third component is
(A) Adenine (B) Phosphoric acid (C) Sulphuric acid (D) Uracil
5 The reaction of an alkyl halide with sodium alkoxide forming ether is known as - [1]
(A) Wuriz reaction (B) Reimer-Tiemann reaction
(C) Wiliamsaon synthesis (D) Kolbe reaction
6 Rate law for the reaction A + 2B - C is found to be (1]
Rate = k [A][B]
Concentration of reactant ‘B’ is doubled, keeping the concentration of A’
constant, the value of rate constant will be ;
(A) The same (B) Doubled (C) Quadrupled (D) Halved
7 | The compound which undergoes Sn2 reaction most rapidly is 1
@ OB @ O
(B) C>—CH2—BT D) @—Br
8 | The formation of hemiacetal from an aldehyde is an example of - m
(A) nucleophilic addition (B) electrophilic addition
(C) nucieophilic substitution (D) electrophilic substitution
g When Acelic acid is heated with red P4/Clz gives [1
(A) Cl — CH2 _ COCI (B) Cl — CHz — COOH
(C) CHz_ COCI (D) CCls . COOH
10 | The value of rate constant of a pseudo first order reaction [1]
(A) Depends only on temperature
(B) Depends on the concentration of reactants present in excess.
(C) Is independent of the concentration of reactants.
(D} Depends on the concentration of reactants present in small amount.
11 | Which of the following is most acidic ?- [T
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CH, - OH OH
w €Y (B) @"
_ OH . ol
o O o K
- (§

12

The vitamin which plays an important role in coagulating blood is
(A)VitaminD  (B) VitaminE  (C) Vitamin K (D) Vitamin A

[1]

"For Questions number 13 to 16, two statements are given one labelled as Asserlian (A) and
the other labelled as Reason (R) Select the correct answer to these questions from the codes
(A), (B), (C)and (D) as given below.

(A) Both Assertion (A) and Reason (R) are true and Reason (R) 1s the correct explanation of

the Assertion (A).

(B) Both Assertion (A) and Reason (R) are true, but Reason (R) i1s not the correct

explanation of the Assertion (A)

(C) Assertion (A) is true. but Reason (R) 1s false.

(D) Assertion (A) Is false, but Reason (R) is true.

13

14

‘Assertion (A) : Addition of ethylene glycol to water lowers its freezing point

Assertion (A) - Separation of Zr and Hf is difficult
Reason (R) | Zr and Hf have similar radii due to lanthanoid contraction

Reason (R) . Ethylene glycol 1s insoluble in water due to tack of its ability to form
hydrogen bonds with water molecules.

o

(11

15

Assertion (A) . Benzoic acid do not undergo Friedel Crafts Reaction
Reason (R) Carboxyl group is deactivating and the caialyst aluminum Chloride
gets bonded to the carboxyl group.

[1]

16

Assertion (A) - Methanamine is a weak base than ammenia.
Reason (R) | The electren density Increases on nitrogen atom in methanamine
due to +| effect of methyl group.

[1]

SECTION B
Question No. 17 to 21 are very shorl answer questions carrying 2 marks each.

17

18

Define order of reaction. How does order of a reaction differ from molecularity for

Calculate the half-cell potential at - _
298 K for the reaction Zo™" + 2 — Zn

if (Zn**1=01M and ' , ~ =-076V.
Zn"" [Zn

a complex reaction?

[2]

[2]

19

What happens when D-_gtu::nse is treated with the following reagents ?
(a) Bra water (b) HCN

[2]
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20 | (a) Draw the structures of major monohalo products in each of the following 2]
reactions _ CH =-032
w ' + HBr —
(i) @ + Bry gt
OR ' :
(b) Write the major product(s) of the following reactions
Cl
Cone. HyS0
W 1=
CH, - OH
(i) B
OH
21 Give chemical equation for the following reactions 2]
(1) Propanone is treated with dil Ba{OH})z
(1) Acetophenone is treated with Zn{Hg}f{[_?ﬂnﬂ. HCI.
SECTION C
Question No. 22 to 28 are short answer questions, carrying 3 marks each
22 | The following data were obtained for the reaction . 3]
28+ B —_—
Experimeil [A] il I.'.I 3]/ L hj:;:;::;f;?ﬁlfw
| (.1 0.1 64 10
T 0.3 0.2 (SRS (e
m 0.3 .4 2.58 = 107
w it 0. 240 % 107
(a) Find the order of reaction with respectto Aand B
(b) Write the rate law and overall order of reaction.
(c) Calculate the rate constant (k).
23 | (a) Write the formula for the following coordination compound : [3]

Tetraamminechloridenitrita-N-cobalt(lll) chlornde
(b) Arrange the following complexes in the increasing order of conductivity of
their solution :

[Cr{NH3}sCI[Clz, [Cr{NH3)sCls], [Cr(NH3)s]Cls

(c) ldentify the type of isomerism exhibited by the following complexes -
(1) [Co(NHz)s(SO4)]CI

(i) [Co(eni]Ch
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24

23

X

L o~

]l i
{a) Out of 1\’3 and I“v" , which is an example of allylic halide?

(b) Out of chlorobenzene and 2,4 6-trinitrochlorobenzene, which is more reactive
towards nucleophilic substitution and why ?

(€) Which isomer of CsHsCl has the lowest boiling point?

(a) Write the mechanism of the following reaction :
H. +

(b} Write the main product in @ach of the following reaction :

A~ OCH,
@ + HBr —»

[3]

T

26

Give reasons for any 3 of the following cbservations -

(a) Penta-acetate of glucose does not react with hydroxylamine
(b) Amino acids behave ke salts.

(c) Water soluble vitamins must be taken regularly in diet.

(d) The two sirands in DNA are complimentary to each other.

[3]

27

Compound (A) (CsH1202) on reduction with LiAIHs gives two compounds (B) and
(C). The compound (B) on axidation with PCC gives compound (D) which upon
freatment with dilute NaOH and subsequent heating gives compound (E).
Compound (E) on catalytic hydrogenation gives compound (C). The compound (D)
is oxidized further to give compound (F) which Is found to be a8 monobasic acid
(Molecular weight = 60). Identify the compounds (A), (B), (C), (D), (E) and (F).

[3]

28

The electrical resistance of a column of 0.05 M KOH solution of length 50 cm and
area of cross-section 0 625 cm? is 5 x 10% ohm. Calculate its resistivity,
conductivity and molar conductivity

3]

29

SECTIOND
Question No. 29 & 30 are case-based/data -based questicns carrying 4 marks
each.

Fuel cells and batteries are both electrochemical energy storage and conversion
devices, but they differ fundamentally in thelr operation. Batfieries store a fixed
amount of chemical energy and convert it to electrical energy, while fuel cells
generate electricity continuously as long as they are supplied with fuel like
hydrogen methane etc and an oxidant like oxygen
Batteries are also classified as pnimary batteries if they can be used only once or
secondary batteries if they can be recharged by passing current through it in the
opposite direction.
Answer the following questions :
(a) What are the fundamental differences between batteries and fuel cells?
(b) The cell potential of Mercury cell is 1-35 V, and remains constant during its
life. Give reason
(c) Write the reactions involved in the discharging of the lead siorage battery.

OR
(c) Write the reactions involved in Ha-O2 fuel cell

30

The nature of bonding, structure of the coordination compound can be explained
to some extent by valence bond theory. The central metal atom/ion makes

[4]
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avallable a number of vacant orbitals egual fo s coordination number. The
appropriate atomic orbitals (s, p and d) of the metal hybridize fo give a set of
equivalent orbitals of definite geometry such as square planar, tetrahedral
octahedral and so on. A strong covalent bend is formed only when the orbitals
overlap to the maximum extent. The d-orbitals involved in the hybridisation may be
either inner d-orbitals 1.2 (n-1) d or outer d-orbitals 1.e. nd. The complexes formed
are called inner orbital complex (low spin complex) and outer orbital complex (high
spin complex) respectively. Further, the complexes can be paramagnetic or
diamagnetic in nature. The drawbacks of this theory are that this involves number
of assumptions and also does not expiain the colour of the complex.
Answer the following questions:
(&) Predict whether [Co(NHz3)s]** is diamagnetic or paramagnetic and why?
[Atomic number. Co=2T7]
(b) What is the coordination number of Co in [Co(ox)2 Br CI)] = ?
(€) (1) Write the IUPAC name of the given complex:
[Fe(CN.]*
(i) Explain [CoFs]* is an inner orbital or outer orbital complex.
CR
(c) Using valence bond theory, deduce the shape and hybridisation of
[Ni{NHz)s]** [Atomic number of Ni = 28]

SECTION E
Question No. 31 to 33 are long answer type questions carrying 5 marks each

31 A (a) Measurement of osmotic pressure method is preferred for the [5]
determination of molar masses of macromolecules such as proteins and
polymers.
(b) Red Blood Cells (RBC) shrink when placed in saline water but swell in distilled
water.
(c) 3.9 g of benzoic acid dissolved in 49 g of benzene shows a depression in
freezing point of 1 62 K. Calculate the van't Hoff factor and predict the nature of
solute {associated or dissociated). (Given: Molar mass of benzoic acid = 122
gmol for benzene = 4 9 K Kg K moi-)
OR
B (a) ldentify which liquid will have a higher vapour pressure at 90°C If the boiling
points of two liquids A and B are 140°C and 180°C, respectively.
(b) Differentiate between |deal solution and Non-ideal solution.
(c) The freezing point of a solution containing 59 of benzoic acid (M = 122 g mol~
") in 35g of benzene is depressed by 2.94 K. What is the percentage association
of benzoic acid if it forms a dimer in solution? (Kr for benzene = 4.9 K kg mol-')
32 | A) (i) Aniline does not undergo Friedal-Crafis reactions [5]

(i) (CH3)2NH is more basic than (CHz)sN in an aqueous solution.
(i) Pnmary amines have higher boiling point than tertiary amines
(iv) Write a chemicai test to distinguish between N, N-dimethylaniline and aniline.
(v) How will you convert Aniline to benzene
OR
B) (1) Complete the following reaction
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CN

.I-Lﬁi
(i) Write the structures of A and B in the following reaction

CHACOOH m:E A NaOBr

(i) Gabne! phthalimide synthesis 1s not preferred for preparing aromatic pnmary
amines.

(iv) Give reason why Ammonolysis of alkyl halides is not a good method to prepare
pure primary amines.

(v} ) How will you convert Benzoic acid to benzenamine

33

(a) (i) Account for the following
(1) A new element 1s discovered whose electronic configuration i1s found to be
6d'? 7s2. Comment on the expected melting and boiling points of the element.

(2) Of the d* species, Cr** is strongly reducing while Mn*" is strongly oxidizing.

(3) A lanthanoid element forms M** ion. Whether this jon will be oxidizing or

reducing agent and why? _
{il) Complete and balance the following chemical equations
(A) HgClz + 5nClz —_—
(B) MnO4 + Mn®*+ H20 ————
OR
(b) (1) Out of CuzClz and CuClz, which is more stable in agueous solution
and why ?

(i) Consider the reaction:
Cr207> + 14 H* + 6o 2 2Cr* + 8H:20
What is the quantity of electricity in coulombs needed to reduce 1 mol
of Cra07%.
(iii) The oxidizing power of oxyanians are in the order VO2+ < Cr207% < MnOy
(iv) What is colour change of chromate ion by the action of an acid and
why?
(v) Many of the transition elements and their compounds can act as good
calalysis

[5]
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