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Important Formulas of Physical Chemistry

THE SOLID STATE

1. Calculation of number of particles / atoms / ions in a Unit Cell :

Type of Number of Relationship
Unit Cell particles per between edge

Unit Cell length (a) and
radius (r) of
atom/ion

Simple cubic (SC) 1 a = 2r

Body centred cubic (BCC) 2 a = 
4
3  r

Face centred cubic (FCC) 4 a = 2 2  r

2. Density of unit cell (d)

3
A

ZMd = 
a N

Where Z is rank of unit cell (no. of atoms per unit cell), M is molar mass/
atomic mass, ‘a’ is edge length of the cube, ‘a3’ is volume of cubic unit cell
and NA is Avogadro constant.

3. Packing efficiency 


 

3

3

4
3   100

Z r
PE

a



Here ‘M’ is molar mass ‘r’ is radius of atom, ‘d’ is density and NA is
Avogaodro’s constant (6.022  1023 mol–1).

Rank of unit cell can be computed by packing efficiency value

Type of Packing Rank of
Unit Cell efficiency Unit Cell (Z)
SC 52.4% 1
BCC 68.% 2
FCC 74% 4
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Solution

1. Mole fraction (x)
If the number of moles of A and B are nA and nB respectively, the mole
fraction of A and B will be

B
A B

A B A B

n n
x = , and x =

n + n n +n
A

       xA + xB = 1

2. Molarity (M) = –1Moles of solute
Volume of solution in litres

mol L

3. Molality (m) = 
–1Moles of solute

Mass of solvent in kilograms
mol kg

4. Parts per million (ppm)

6Number of parts of the component= 10
Total number of parts of all components of the solution



5. Raoult’s law for a solution of volatile solute in volatile solvent :
pA = pA° xA
pB = pB° xB

Where pA and pB are partial vapour pressures of component ‘A’ and
component ‘B’ respectively in solution. pA° and pB° are vapour pressures
of pure components ‘A’ and ‘B’ respectively.

6. Raoult’s law for a solution of non-volatile solute and volatile solvent :

A A

A

p °–p =
p °

ixB 



 B B A

A B A

n W   M
 =  
n M W

i i  (for dilute solutions)

Where xB is mole fraction of solute, i is van’t Hoff factor and 
A A

A

p °–p
p ° is

relative lowering of vapour pressure.

7. Elevation in boiling point (Tb) :
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Tb = i.Kb m
where Tb = Tb – Tb°

Kb = molal boiling point elevation constant
m = molality of solution.

Tb = Boiling point of solution.

Tb° = Boiling point of solvent.

8. Depression in freezing point (Tf) :

Tf = i.Kf m

where Tf = Tf° – Tf

Kf = molal freezing point depression constant

m = molality of solution.

Tf° = Freezing point of solvent.

Tf = Freezing point of solution.

9. Osmotic pressure () of a solution :

V = inRT  or    = i CRT

where  = osmotic pressure in bar or atm

V = volume in litres

i = van't Hoff factor

C = molar concentration in moles per litres

n = number of moles of solute

T = Temperature on Kelvin Scale

R = 0.083 L bar mol–1 K–1

R = 0.0821 L atm mol–1 K–1

10. van't Hoff factor (i)


Number of particles in solution after association or dissociation

Number of particles actually disolved in solution
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Observed colligative property = 
Theoretically calculated colligative property

i

Normal molar mass = 
Abnormal molar mass

i

 > 1   For dissociation of solute
 < 1   For association of solute
 = 1   For ideal solution undergoing no association or dissociation.







i

i

i

11. Relationship between relative lowering in vapour pressure and
elevation in b.p.

b
A

A b

Tp  =   M   1000
p K





i

Here
p is lowering in vapour pressure, pA° is vapour pressure of pure solvent,
i is van't Hoff factor, Tb is elevation in boiling point, Kb is molal elevation
constant and MA is molar mass of solvent

Electrochemistry
1. Conductivity (k) :

A
 



1 1k =  =    = G G*
R

l

Where R is resistance, l/A = cell constant (G*) and  is resistivity.

2. Relationship between k and m

m
1000 k =  

c




Where m  is molar conductivity, k is conductivity and C is molar
concentration.

Kohlrausch’s law :
(a) In general, if an electrolyte on dissociation gives + cations and

– anions then, its limiting molar conductivity (°m) is given by
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m = + + – °–

Here 

° and °– are the limiting molar conductivities of cation and

anion respectively and + and – are the number of cations and anions
furnished by one formula unit of the electrotype.

(b) Degree of dissociation () is given by :

c
m

m

Λ = 
Λ




Here cm is molar conductivity at the concentration C and °m is
limiting molar conductivity of the electrolyte.

(c) Dissociation constant (K) of weak electrolyte

2c
m
o2
m

m
o
m

C 
CK =  = 
1– 1–





 
  

 
  

3. Nernst Equation for electrode reaction : Mn+ + ne–  M(s).

 
 n+ n+

2.303 RT 1 0.059 1E = E  –  log E V log
nF n[M ] M

 

For Cell potential of electrochemical reaction aA : +bB 
–ne

  cC + dD

   

   

c d

 C a bcell cell

2.303RT 0.059 C DE =  E –  log Q E V log
nF n A B

   
 

4. Relationship between E cell and equilibrium constant (Kc)

C C
2.303RT 0.059VE  cell =  log K =  log K

nF n


5. G = – nF Ecell

Where G = standard Gibbs energy change and nF is the number of
faradays of charge passed. E

cell is standard cell polential.

G = – 2.303 RT log Kc
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Chemical Kinetics
1. Integrated rate law equation for zero order reaction

(a) k = 
   R – R

t
t

Where k is rate constant and [R]0 is initial molar concentration.

(b)
 

1
2

R
t  = 

2k


1 2t  is half life period of zero order reaction.

2. Integrated rate law equation for first order reaction

(a) k = 
 
 
R2.303 log 

t R t

Where k is rate constant, [R]0 is initial molar concentration and [R]
is final concentration at time ‘t’.

(b) Half life period  1
2

t  for first order reaction :

1
2

0.693t  = 
k

3. Arrhenius equation

(a)
–

k = A e
aE

RT

Where ‘A’ is frequency factor, Ea is the energy of activation, R is
universal gas constant and T is absolute temperature.

e–Ea/RT gives the fraction of collisions having energy equal to or
greater than Ea.


E Ea alog k log A – , Here –

2.303 RT 2.303 R  is slope of the straight line

obtained by plotting 1log k vs
T

(b) log a2 2 1

1 1 2

Ek T – T =  
k 2.303 R T  T

 
  

Where k1 is rate constant at temperature T1 and k2 is rate constant
at temperature T2.
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Unit 1

THE SOLID STATE

Points to Remember
1. Solids have definite shape and volume, high density and constituent

particles are held strongly.

2. HCP and CCP have equal efficiency i.e., 74% is occupied and coordination
no. is 12. CCP arrangement has FCC lattice.

3. Coordination number is the number of nearest neighbour points
surrounding a particular lattice point (point may be atom, ions or
molecules).

4. Packing efficiency in simple cubic unit cell is 52.4%, bcc arrangement is
68% and fcc is 74%.

5. Unoccupied spaces in solids are called interstitial voids or interstitial sites.

6. Two types of interstitial voids are :

(i) tetrahedral void

(ii) octahedral void

* No. of tetrahedral voids = 2 × N (where N is number of closed packed
particles).

* No. of octahedral voids = N.

7. Vacancy defect lowers the density of a crystal

8. Interstitial defect increases the density of a crystal.

9. Point defects in the ionic crystal may be classified as :

(a) Stoichiometric defect also known as intrinsic or thermodynamic
defect. Ratio of cations and anions is the same in defective crystal
as in ideal crystal.

(b) Non-stoichiometric defect Ratio of cations and anions is the different
in defective crystal from the ideal crystal.
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(c) Impurity defects (due to presence of some other ions at the lattice
sites).

10. Schottky defect arises due to missing of equal no. of cations and anions
from lattice sites in the crystalline solid and it lowers and density of crystal
of alkali metal halides, e.g., NaCl, KCl etc.

11. Frenkel defect is the combination of vacancy and interstitial defects.
Cations leave their actual lattice sites and occupy the interstitial space in
the solid. Density remains the same in this defect.

*AgBr is the compound which shows both Schottky defect and Frenkel
defect.

12. Non-stoichiometric defect

(a) Metal excess defect due to anion vacancies.

(b) Metal excess due to presence of extra cations.

(c) Metal deficiency due to absence of cations.

13. F-Center : In metal excess defect, electrons are trapped in the anion
vacancies which act as colour centres, e.g., NaCl gives yellow colour when
heated in sodium vapour.

14. Doping is the process of increasing the conductivity of intrinsic
semiconductors by adding an appropriate amount of suitable impurity in
Si or Ge.

* n-type semiconductors : Silicon or Germinium (group-14) doped with
electron rich impurity (group-15 element like P or As), Here conductivity
is due to the extra electrons or delocalized electrons.

* p-type semiconductors : Silicon or Germination (group-14) doped with
group-13 element like B or Al, Here conductivity is due to positively
charged electron holes.

* 13-15 group compounds, e.g., InSb, AlP, GaAs

* 12-16 group compounds, e.g., ZnS, CdS, CdSe, HgTe.

* These compounds have average valence of four and are used in
semiconductor devices.
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Questions

VSA QUESTIONS (1 - MARK QUESTIONS)

1. What are anistropic substances?

2. Why are amorphous solids isotropic in nature?

3. Define the term 'crystal lattice.’

4. Define the term voids.

5. What type of stochiometric defect is shown by (i) ZnS and (ii) CsCl?

[Hint. : (i) Frenkel defect (ii) Schottky defect]

6. If the formula of a compound is A2B, which sites would be occupied by A
ions?

[Hint. : Number of A ions is double to B ions, so ions will occupy all
tetrahedral voids]

7. What is the coordination number for

(a) an octahedral void?

(b) a tetrahedral void?

[Hint. : (a) 6; (b) 4 ]

8. How many octahedral voids are there in 1 mol of a compound having cubic
closed packed structure? [Ans. : 1 mol]

9. Arrange simple cubic, bcc and fcc lattice in decreasing order of the fraction
of the unoccupied space.

[Hint. : fcc < bcc < sc]

15. Magnetic properties

* Paramagnetic substances are weakly attracted by a magnetic field.
Examples are O2, Cu2+, Fe3+, Cr3+ which are paramagnetic due to
presence of unpaired one or more electron. They lose their magnetism
in the absence of magnetic field.

* Diagenetic substances are weakly repelled by a magnetic field. Example
are H2O, NaCl, C6H6 because they have all electrons paired.
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10. How much space is empty in a hexagonal closed packed solid?

11. An element crystallises separately both in hcp and ccp structure. Will the
two structures have the same density? Justify your answer.

[Hint : Both crystal structures have same density because the percentage
of occupied space is same.]

12. In Corundum, O2– ions from hcp and Al3+ occupy two third of octahedral
voids. Determine the formula of corundum. [Ans. : Al2O3]

13. Which point defect is observed in a crystal when a vacancy is created by
an atom missing from a lattice site?

14. Define the term ‘doping’.

15. Why does conductivity of silicon increase with the rise in temperature?

16. Name the crystal defect which lowers the density of an ionic crystal.
[Ans. : Schottky defect]

17. Solid A is very hard, electrical insulator in solid as well as in molten state
and melts at extremely high temperature. What type of solid is it?

[Hint : Covalent solid]

18. Which point defect in ionic crystal does not alter the density of the relevant
solid?

19. Name one solid in which both Frenkel and Schottky defects occur.

20. Which type of defects are known as thermodynamic defects?

21. What type of substances would make better permanent magnets,
ferromagnetic or ferrimagnetic? and why?

22. What type of stoichiometric defect is shown by AgCl?

SA (I) TYPE QUESTIONS (2 - MARK QUESTIONS)

1. List four points of distinctions between crystalline and amorphous solids.

2. Mention the suitable reason for the following–

(a) Ionic compounds are hard and brittle.

(b) Copper is malleable and ductile.

3. List two differences between metallic and ionic crystals.
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4. Account for the following :

(a) Glass objects from ancient civilizations are found to become milky in
appearance.

(b) Window glass panes of old buildings are thicker at the bottom than
at the top.

5. What is packing efficiency? Calculate the packing efficiency in body-centred
cubic crystal?

6. Why is graphite soft and good conductor of electricity?

7. What do you understand by the following types of stacking sequences :

(a) AB AB ............... (b) A BCABC .................

8. How are the following properties of crystals affected by Schootky and
Frenkel defects?

(a) Density

(b) Electrical conductivity.

9. In terms of band theory, what is the difference between

(a) conductor and insulator

(b) conductor and semiconductor?

10. Explain the terms :

(a) Intrinsic semiconductor

(b) Extrinsic semiconductor.

11. Explain how vacancies are introduced in a solid NaCl crystal when divalent
cations (M2+) are added to molten NaCl.

12. What is meant by non-stoichiometric defect? Ionic solids which have anionic
vacancies due to metal excess defect develop colour. Explain with the help
of suitable example.

13. Define the term ‘point defects’. Mention the main difference between
stoichiometric and non-stoichiometric point defects.

14. Define F-centre. Mention its one consequence.

15. Give suitable reasons for the following :

(a) copper is conducting as such while CuSO4 is conducting only in
molten state or in aq. solution.
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(b) Alkali metal halide do not exhibit Frenkel defect.

16. List two differences between Schottky defect and Frenkel defect.

17. Explain the following terms with suitable examples

(a) Ferromagnetism

(b) 12-16 compounds

SA (II) TYPE QUESTIONS (3 - MARK QUESTIONS)
1. Write the relationship between atomic radius (r) and edge length (a) of

cubic unit cell for

(a) Simple-cubic unit cell

(b) Body-centred cubic unit cell

(c) Face-centred cubic unit cell

2. Define a semiconductor? Describe the two main types of semiconductors
when it is doped with

(a) group 13 element, (b) group 15 element.

3. Explain the following terms with one example each :

(a) Ferrimagnetism (b) Antiferromagnetism

(c) 13-15 compounds

*4. Examine the defective crystal lattice given below and answer the following
questions :

(a) Name the crystal defect present in ionic solid.

(b) Out of AgCl and NaCl, which is most likely to show this type of defect
and why?

(c) Why this defect is also known as dislocation defect?
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5. (a) What type of semiconductor is obtained when silicon is doped with
Boron?

(b) What type of magnetism is shown in the following alignment of
magnetic moments of domains of ions?

     

(c) What type of point defect is produced when AgCl is doped with
CdCl2?

NUMERICALS

UNIT CELLS AND CRYSTAL LATTICE

1. In a fcc arrangement of A and B atoms, atoms of A are present at the
corners of the unit cell and atoms of B are present at the face centres. If
one atom of A is missing from its position at the corner, what is the formula
of the compound? [Ans. : A7B24]

2. A compound made up of elements ‘A’ and ‘B’ crystallises in a cubic close
packed structure. Atoms A are present on the corners as well as face
centres, whereas atoms B are present on the edge-centres as well as body
centre. What is the formula of the compound? [Ans. AB]

3. A compound MpXq has cubic close packing (ccp) arrangement of X. Its unit
cell structure is show below :

Determine the empirical formula of the compound. [Ans : MX2]

4. In a crystalline solid, anions ‘C’ are arranged in cubic close packing, cations
‘A’ occupy 50% of tetrahedral voids and cations ‘B’ occupy 50% of octanedral
voids. What is the formula of the solid? [Ans. : A2BC2]

5. Magnetite, a magnetic oxide of iron used on recording tapes, crystallises

with iron atoms occupying 1
8  of the tetrahedral holes and 1

2  of the

octahedral holes in a closed packed array of oxides ions. What is the
formula of magnetite? [Ans. : Fe3O4]
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DENSITY OF UNIT CELL

6. Sodium crystallises in a bcc unit cell. What is the approximate number of
unit cells in 4.6 g of sodium? Given that the atomic mass of sodium is 23
g mol–1. [Ans. : 6.022 × 1022]

7. An element of atomic mass 98.5 g mol–1 occurs in fcc structure. If its unit
cell edge length is 500 pm and its density is 5.22 g cm–3. Calculate the
value of Avogadro constant. [Ans. : 6.02 × 1023 mol–1]

8. An element crystallises in a cubic close packed structure having a fcc unit
cell of an edge 200 pm. Calculate the density if 200 g of this element
contain 24 × 1023 atoms. [Ans. : 41.6 g cm–3]

9. A metallic element has a body centred cubic lattice. Edge length of unit cell
is 2.88 × 10–8 cm. The density of the metal is 7.20 gcm–3. Calculate

(a) The volume of unit cell.

(b) Mass of unit cell.

(c) Number of atoms in 100 g of metal.

[Ans. : (a) 2.39 × 10–23 cm3 (b) 1.72 × 10–22 g, (c) 1.162 × 1024 atoms]

10. Molybednum has atomic mass 96 g mol–1 with density 10.3 g/cm3. The
edge length of unit cell is 314 pm. Determine lattice structure whether
simple cubic, bcc or fcc.

(Given NA = 6.022 × 1023 mol–1) [Ans. : Z = 2, bcc type]

11. The density of copper metal is 8.95 g cm–3. If the radius of copper atom
is 127 pm, find out whether the copper unit cell is a simple cubic, a body-
centred cubic or a face centred cubic?

(Given at. mass of Cu = 63.54 g mol–1 and NA = 6.02 × 1023 mol–1]

[Ans. : Z = 4, fcc type]

[Hint : d =
3

A

ZM
a N  calculate 3

Z
a  by putting the values given in the question.

Calculate packing efficiency by 
 3

3

4z r  100
3

a


 using value of

3
Z
a

, which is 74%. This shows that tha lattice is fcc.



19 [XII –  Chemistry]

Twinklegraphics*chemistry-XII 2013*3rd print

12. A metal crystalises into two cubic lattices fcc and bcc, whose edge length
are 3.5Å and 3.0Å respectively. Calculate the ratio of the density of fcc
to bcc lattices.

13. The well known mineral fluorite is chemically calcium fluoride. It is known
that in one unit cell of this mineral there are 4 Ca2+ ions and 8F– ions and that
Ca2+ ions are arranged in a fcc lattice. The F– ions fill all the tetrahedral holes
in the fcc lattice of Ca2+ ions. The edge of the unit cell is 5.46 × 10–8 cm in
length. The density of the solid is 3.18 g cm–3. Use this information to calculate
Avogadro’s number (Molar mass of CaF2 = 78.08 g mol–1]

[Ans. : 6.02 × 1023 mol–1]

14. Iron changes its crystal structure from body contred to cubic close packed
structure when heated to 916°C. Calculate the ratio of the density of the
BCC crystal to that of CCP crystal. Assume that the metallic radius of the
atom does not change.

15. Tungsten crystallizes in body centred cubic unit cell. If the edge of the unit
cell is 316.5pm, calculate the radius of tungsten atom?

[Ans. : 137.04 pm]

16. Iron has a body centred cubic unit cell with a cell dimension of 286.65 pm.
The density of iron is 7.874 g cm–3. Use this information to calculate
Arogadro number.

(At. Mass of Fe = 55.845u). [Ans. : 6.02 × 1023 mol–1]

IMPERFECTION IN SOLIDS

17. Analysis shows that a metal oxide has a empirical formula M0.96O. Calculate
the percentage of M2+ and M3+ ions in this crystal.

[Ans. : M2+ = 91.7%, M3+ = 8.3%]

18. AgCl is doped with 10–2 mol% of CdCl2, find the concentration of cation
vacancies. [Ans. : 10–4 mol]

19. The concentration of cation vacancies in NaCl crystal doped with CdCl2 is
found to be 6.02 x 1016 mol–1. What is the concentration of CdCl2 added
to it? [Ans : 10–5 mol% CdCl2]

20. The composition of a sample of Wustite is Fe0.93 O1.00. What percentage
of Fe is present as Fe(III)? [Ans. : 15.05%]
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Unit - 2

SOLUTIONS

POINTS TO REMEMBER

1. The component that is present in the largest quantity (in terms of moles)
is known as solvent. Solvent determines the physical state of the solution.
Water is an universal solvent.

2. Mole fraction (x) is a unitless quantity.

3. Molality(m) and mole fraction are temperature independent quantities,
whereas molarity decreases with increase in temperature.

4. As the temperature increases Henary’s constant, KH increases so the
lower is the solubility of the gas in the liquid.

5. 11.7% w/w Helium is added to air used by scuba divers due to its low
solubility in the blood.

6. Raoult’s law becomes a special case of Henry’s law in which KH becomes
equal to pA

0, i.e., vapour pressure of pure solvent.

7. Azeotropes having the same composition in liquid and vapour phase and
boil at a constant temperature and therefore can’t be distilled.

8. Azeotropes arise due to very large deviation from Raoult’s law. Maximum
boiling a zeotropes form when solutions exhibit negative deviation from
Raoult’s law whereas minimum boiling azeotropes form when solutions
exhibit positive deviation from Raoult’s law.

9. Relative lowering in vapour pressure is a colligative property but lowering
in vapour pressure is not.

10. Van’t Hoff factor (i ) is the ratio of the observed value of the colligative
property in solution to the theoretically calculated value of the colligative
property.

(a) A non-volatile solute undergoes dissociation then i > 1.

(b) A non-volatile solute undergoes association then i < 1.
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11. Two solutions having same osmotic pressure at a given temperature are
called isotonic solutions. A 0.9% (mass/volume) sodium chloride (called
saline solution) is isotonic with the fluids inside the blood cell.

12. A solution which has higher osmotic pressure is called hypertonic solution
while the other solution with lower osmotic pressure is known as hypotonic
solution.

13. Semipermeable membrane (SPM) can allow to pass through it only solvent
molecules and not the solute molecules.

VSA QUESTIONS (1 - MARK QUESTIONS)

1. Give an example of ‘liquid in solid’ type solution.

2. Which type of solid solution will result by mixing two solid components with
similar sizes of their molecules?

3. What is meant by semimolar and decimolar solutions?
M M , 
2 10

 
 
 
Ans. :

4. What will be the mole fraction of water in C2H5OH solution containing
equal number of moles of water and C2H5OH? [Ans. : 0.5]

5. Which of the following is a dimensionless quantity : molarity, molality or
mole fraction? [Ans. : mole fraction]

6. 10 g glucose is dissolved in 400 g. of solution. Calculate percentage
concentration (mass/mass) of the solution. [Ans. : 2.5% w/w]

7. Gases tend to be less soluble in liquids as the temperature is raised. Why?

8. State the conditions which must be satisfied if an ideal solution is to be
formed. [Ans. : Vmix = 0, Hmix = 0 and Raoults law is obeyed]

9. A mixture of chlorobenzene and bromobenzene forms nearly ideal solution
but a mixture of chloroform and acetone does not. Why?

10. How is the concentration of a solute, which is present in trace amount in
a solution expressed?

*11. N2 and O2 gases have KH values 76.48 kbar and 34.86 kbar respectively
at 293 K temperature. Which one of these will have more solubility in
water?
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*12. Under what condition molality and molarity of a solution are identical.
Explain with suitable reason. [Ans. : When solution is too dilute]

*13. Addition of HgI2 to KI (aq.) shows decrease in vapour pressure. Why?

14. What will happen to the boiling point of the solution formed on mixing two
miscible liquids showing negative deviation from Raoult’s law?

15. Liquid ‘Y’ has higher vapour pressure than liquid ‘X’, which of them will
have higher boiling point?

*16. When 50 mL of ethanol and 50 mL of water are mixed, predict whether the
volume of the solution is equal to, greater than or less than 100 mL. Justify
your answer. [Ans. : more than 100 mL]

17. Which type of deviation is shown by the solution formed by mixing
cyclohexane and ethanol?

18. A and B liquids, on mixing, produce a warm solution. Which type of deviation
from Raoult’s law is there? [Ans. : (+)ve deviation]

19. Define cryoscopic constant (molal freezing point depression constant.)

20. Mention the unit of ebulioscopic constant (molal boiling point elevation
constant).

21. If kf for water is 1.86 K kg mol–1, what is the freezing point of 0.1 molal
solution of a substance which undergoes no dissociation or association of
solute?

[Hint : Tf = iKf . m and i = 1]

22. What is reverse osmosis? Give one large scale use of it.

*23. What is the maximum value of van’t Hoff factor (i) for Na2SO4 . 10H2O?
[Ans. : i = 3]

24. What is the maximum value of van’t Hoff factor (i) if solute molecules
undergo dimerisation. [Ans. : i = 0.5]

25. Under what condition is van’t Hoff factor less than one?
[Ans. : Association]

*26. The phase diagram for pure solvent and the solution containing nonvolatile
solute are recorded below. The quantity indicated by ‘X’ in the figure is
known as : [Ans. : Tb]
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1 atm

*27. AgNO3 on reaction with NaCl in aqueous solution gives white precipitate.
If the two solutions are separated by a semi-permeable membrane, will
there be appearance of a white ppt. in the side ‘X’ due to osmosis?

[Ans. : No ppt, because only solvent particles moves through SPM]

SA (I) - TYPE QUESTIONS (2 - MARK QUESTIONS)

1. Explain the following :

(a) Solubility of a solid in a liquid involves dynamic equilibrium.

(b) Ionic compounds are soluble in water but are insoluble in nonpolar
solvents.

2. Give two examples each of a solution :

(a) showing positive deviation from Raoult’s Law.

(b) showing negative deviation from Raoult’s Law.

3. Draw vapour pressure vs composition (in terms of mole fraction) diagram
for an ideal solution.

4. Define azeotropes with one example of each type.

5. Draw the total vapour pressure vs. mol fraction diagram for a binary solution
exhibiting non-ideal behaviour with negative deviation.

6. The vapour pressure curve for three solutions having the same non-volatile
solute in the same solvent are shown. The curves are parallel to each
other and do not intersect. What is the correct order of the concentrations
of the solutions. [Hint. : A < B < C]
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7. Show that the relative lowering of vapour pressure of a solvent is a colligative
property.

8. What is meant by abnormal molecular mass? Illustrate it with suitable
examples.

9. When 1 mole of NaCl is added to 1 litre water, the boiling point increases?
When 1 mole of C2H5OH is added to 1 litre water, the boiling point
decreases? Suggest reasons.

10. Can we separate water completely from HNO3 solution by vapourisation?
Justify your answer.

11. 1 gram each of two solutes ‘A’ and ‘B’ (molar mass of A > molar mass of
B) are dissolved separately in 100 g each of the same solvent. Which
solute will show greater elevation in boiling point and Why?

12. Examine the following illustrations and answer the following questions

(a) Identify the liquid A and liquid B (pure water or sugar solution)

(b) Name the phenomenon involved in this experiment so that the level
of liquid in this the funnel has risen after some time.

13. How relative lowering in vapour pressure is related with depression in
freezing point and elevation in boiling point?

14. Molecular masses of polymers are determined by osmotic pressure method
and not by measuring other colligative properties. Give two reasons.

1 bar
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15. (a) Mention the reason for the increase in volume of solution.

(b) How it get affected by change in temperature.

Solvent Solution Solution
(b)(a)

SA (II) TYPE QUESTIONS (3 - MARK QUESTIONS)

1. Given reason for the following :–

(a) Aquatic species are more comfortable in cold waters than in warm
waters.

(b) To avoid bends scuba divers use air diluted with helium.

(c) Cold drinks bottles are sealed under high pressure of CO2.

2. Why should a solution of a non-volatile and non-eletrolyte solute boil at a
higher temperature? Explain with the help of a diagram. Derive the
relationship between molar mass and elevation in boiling point.

3. Account for the following :–

(a) CaCl2 is used to clear snow from roads in hill stations.

(b) Ethylene glycol is used as antifreeze in radiators of vehicles in cold
countries.

(c) The freezing point depression of 0.01 m NaCl is nearly twice that of
0.01 m glucose solution.

4. Why do colligative properties of solution of a given concentration are found
to give abnormal molecular mass of solute? Explain with the help of suitable
examples.

5. Give reasons for the following :–

(a) RBC swell up and finally burst when placed in 0.1% NaCl solution.

(b) When dried fruits and vegetables are placed in water, they slowly
swell and return to original form?
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(c) A person suffering from high blood pressure is advised to take less
amount of table salt.

6. Determine the correct order of the property mentioned against them :

(a) 10% glucose (p1), 10% urea (p2), 10% sucrose (p3)
[Osmotic pressure]

(b) 0.1 m NaCl, 0.1 m urea, 0.1 m MgCl2 [Elevation in b.pt.]

(c) 0.1 m CaCl2, 0.1 m sucrose, 0.1 m NaCl [Depression in f.pt.]

LONG ANSWER TYPE QUESTIONS (5 MARKS)

1. (a) What are ideal solutions? Write two examples.

(b) Calculate the osmoic pressure in pascals exerted by a solution
prepared by dissolving 1.0 g of polymer of molar mass 185000 in
450 mL of water at 27°C. (R = 8.314 J mol–1k–1).

[Ans. : 1.35 × 103 Pa]

2. (a) Describe a method of determining molar mass of a non-volatile solute
from vapour pressure lowering.

(b) How much urea (mol. mass 60 g mol–1) must be dissolved in 50 g
of water so that the vapour pressure at the room temperature is
reduced by 25% ? Also calculate the molality of the solution obtained.

[Ans. : 55.55 g and 18.5 m]

3. (a) Why is the freezing point depression considered as a colligative
property?

(b) The cryoscopic constant of water is 1.86 km–1. Comment on this
statement.

(c) Calculate the amount of ice that will separate out on cooling solution
containing 50 g of ethylene glycol (molar mass = 62 g mol–1) in 200
g H2O to –9.3°C. (Kf for water = 1.86 K kg mol–1) [Ans. : 38.71g]

4. (a) Define osmotic pressure.

(b) Why osmotic pressure is preferred over other colligative properties
for the determination of molecular masses of macromolecules?

(c) What is the molar concentration of particles in human blood if the
osmotic pressure is 7.2 atm at normal body temperature of 37°C?

[Ans. : 0.283 M]
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NUMERICAL PROBLEMS

EXPRESSING CONCENTRATION OF SOLUTION

1. Calculate the mass percentage of benzene (C6H6) and carbon tetrachloride
(CCl4), If 22 g of benzene is dissolved in 122 g of carbon tetrachloride.

[Ans. : C6H6 = 15.3%, CCl4 = 84.7%]

2. Calculate the molarity of a solution prepared by mixing 500 mL of 2.5 M
urea solution and 500 mL of 2M urea solution. [Ans. : 2.25 m]

[Hint : 1 1 2 2

1 2

M  V  + M  VM = 
V  + V

3. Calculate (a) molality (b) molarity and mole fraction of KI if the density of
20% (mass/mass) aqueous KI is 1.202 g/mL.

[Ans. : (a) = 1.5 m, (b) = 1.45m (c) = 0.0263]
4. 200 mL of calcium chloride solution contains 3.011 × 1022 Cl– ions. Calculate

the molarity of the solution. Assume that calcium chloride is completely
ionized. [Ans. : 0.125 M]

5. A bottle of commercial H2SO4 [density = 1.787 g/mL] is labelled as 86%
by mass.

(a) What is the molarity of the acid?

(b) What volume of the acid has to be used to make 1 litre 0.2 M
H2SO4?

(c) What is the molality of the acid?

[Ans. : 15.7 M, 12.74 mL, 62.86 m]

6. The maximum allowable level of nitrates in drinking water is 45 mg nitrate
ions/dm3. Express this level in ppm? [Ans. : 45 ppm]

7. 6 × 10–3 g oxygen is dissolved per kg of sea water. Calculate the ppm of
oxygen in sea water. [Ans. : 6 ppm]

HENRY’S LAW

8. The solubility of oxygen in water is 1.35 × 10–3 mol L–1 at 20°C and 1 atm
pressure. Calculate the concentration of oxygen at 20°C and 0.2 atm
pressure. [Ans. : 2.7 × 10–4 mol L–1]

9. If O2 is bubbled through water at 393 K, how many millimoles of O2 gas
would be dissolved in 1L of water? Assume that O2 exerts a pressure of
0.95 bar. (Given KH for O2 = 46.82 bar at 393K).
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10. Henry’s Law constant for CO2 dissolving in water is 1.67 × 108 pa at 298
K. Calculate the quantity of CO2 in 1L of soda water when packed under
2.5 atm of CO2 pressure at 298K. [Ans. 3.707 g]

RAOULT’S LAW

11. Benzene and toluene form a nearly ideal solution. At a certain temperature,
calculate the vapour pressure of solution containing equal moles of the two
substances. [Given : p°Benzene = 150 mm of Hg, p°Toluene = 55 mm of Hg]

12. The vapour pressure of pure liquids A and B are 450 and 750 mm Hg
respectively at 350K. Find out the composition of the liquid mixture if total
vapour pressure is 600 mm Hg. Also find the composition of the vapour
phase. [Ans. : XA = 0.4, XB = 0.6, YA = 0.3, YB = 0.7]

13. Two liquids X and Y on mixing form an ideal solution. The vapour pressure
of the solution containing 2 mol of X and 1 mol of Y is 550 mm Hg. But
when 4 mol of X and 1 mole of Y are mixed, the vapour pressure of
solution thus formed is 560 mm Hg. What will be the vapour pressure of
pure X and pure Y at this temperature?

[Ans. : px = 600 mm Hg; py = 400 mm Hg]

14. Urea forms an ideal solution in water. Determine the vapour pressure of an
aqueous solution containing 10% by mass of urea at 40°C. (Vapour pressure
of water at 40°C = 55.3 mm Hg) [Ans. : 53.53 mm Hg]

RELATIVE LOWERING IN VAPOUR PRESSURE

15. A solution containing 30g of non-volatile solute exactly in 90g of water has
a vapour pressure of 2.8 kPa at 298 K. Furhter, 18 g of water is then added
to the solution and the new vapour pressure becomes 2.9 kPa at 298 K.
Calculate :

(i) molar mass of the solute

(ii) Vapour pressure of water at 298 K. [Ans. : 34 g mol–1, 3.4 kPa]

16. An aqueous solution of 2% non-volatile solute exerts a pressure of 1.004
bar at the normal boiling point of the solvent. What is the molar mass of
the solute? [Ans. : 41.35 g mol–1]

17. At 25°C, the saturated vapour pressure of water is 3.165 Kpa (23.75 mm
Hg). Find the saturated vapour pressure of a 5% aqueous solution of urea
at the same temperature. [Molar mass of urea = 60.05 g mol–1].

[Ans. : 3.115 Kpa]
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18. Calculate the mass of a non-volatile solute (molar mass 40g mol–1) which
should be dissolved in 114g octane to reduce its vapour pressure to 80%.

[Ans. : 8.0 g]

ELEVATION IN BOILING POINT

19. For a dilute solution containing 2.5 g of a non-volatile non-electrolyte solute
in 100 g of water, the elevation in boiling point at 1 atm pressure is 2°C.
Assuming concentration of solute is much lower than the concentration of
solvent, determine the vapour pressure (mm of Hg) of the solution.

[Given : Kb for water = 0.76 kg mol–1] [Ans.: 724 mm of Hg]

[Hind : Tb = Kb.   
B

2.5 1000m  0.76   = 2K
M 100

Mb = 9.5 g mol–1

A A

A

p  – p 25 18  
p 95 100


 



A
A

760 – p 25 18    p  = 724 mm of Hg]
760 95 100

  

20. An aqueous solution of glucose of molar mass 180 g mol –1 boils at
100.01°C. The molal boiling point elevation constant for water is 0.5 K kg
mol–1. What is the number of glucose molecule in the solution containing
100 g of water.

[Ans. : 1.2 × 1021 molecules]

21. An aqueous solution containing 3.12 g of barium chloride in 250 g of water
is found to be boil at 100.0832°C. Calculate the degree of dissociation of
barium chloride.

[Given molar mass BaCl2 = 208 g mol–1, Kb for water = 0.52 K/m]

[Ans. : 83.3%]

22. 18g of glucose, C6H12O6 (Molar mass = 180 g mol–1) is dissolved in 1kg
of water in a sauce pan. At what temperature will this solution boil?
[Kb for water = 0.52 K kg mol–1, boiling point of pure water = 373.15 K)

[Ans. : 373.202 K]
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DEPRESSION IN FREEZING POINT

23. 15.0 g of an unknown molecular substance was dissolved in 450 g of
water. The resulting solution was found to freeze at –0.34°C. What is the
molar mass of this substance. (Kf for water = 1.86 K kg mol–1).

24. 2 g of C6H5COOH dissolved in 25 g of benzene shows depression in
freezing point equal to 1.62 K. Molar freezing point depression constant for
benzene is 4.9 K kg mol–1. What is the percentage association of acid if
it forms a dimer in solution? [Ans. : 99.2%]

25. Three molecules of a solute (A) associate in benzene to form species A3.
Calculate the freezing point of 0.25 molal solution. The degree of association
of solute A is found to be 0.8. The freezing point of benzene is 5.5°C and
its Kf value is 5.13 K/m. [Ans. : 4.9°C]

26. 75.2 g of Phenol (C6H5OH) is dissolved in 1 kg solvent of Kf = 14 Km–1,
if the depression in freezing point is 7K, then find the % of phenol that
dimerises. [Ans. : 75%]

27. Calculate the amount of NaCl which must added to one kg of water so that
the freezing point is depressed by 3K. Given Kf = 1.86 K kg mol–1, Atomic
mass : Na = 23, Cl = 35.5). [Ans. : 0.81 mol NaCl]

28. 0.6 mL of acetic acid (CH3COOH), having density 1.06 g mL–1, is dissolved
in 1 litre of water. The depression in freezing point observed for this strength
of acid was 0.0205°C. Calculate the van’t Hoff Factor (i).

29. Two elements A and B from Compounds having formula AB2 and AB4.
When dissolved in 20.0 g benzene (C6H6), 1 g and AB2 lowers the freezing
point by 2.3 K whereas 1.0 g of AB4 lowers it by 1.3 K. The molar depression
constant for benzene is 5.1 K kg mol–1. Calculate atomic masses of A and
B. [Ans. : A = 25.584, B = 42.644]

OSMOTIC PRESSURE

30. A 5% solution of sucrose (C12H22O11) is isotonic with 0.877% solution of
urea. NH2CONH2) Calculate the molecular mass of urea.

[Ans. : 59.99 g mol–1]

31. Osmotic pressure of a 0.0103 molar solution of an electrolyte was found
to be 0.75 atm at 27°C. Calculate van’t Hoff factor. [Ans. : i = 3]
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32. At 300K, 36 g of glocuse (C6H12O6) present per litre in its solution has an
osmotic pressure of 4.98 bar. If the osmotic pressure of another glucose
solution is 1.52 bar at the same concentration, calculate the concentration
of the other solution. [Ans. : 0.0610 mol L–1]

33. 100 mg of a protein is dissolved in just enough water of make 10.0 mL of
solution. If this solution has an osmotic pressure of 13.3 mm Hg at 25°C,
what is the molar mass of the protein? [R = 0.0821 L atm mol–1 K–1 and
760 mm Hg = 1 atm]. [Ans. : 13980.45 g mol–1]

34. Determine the osmotic pressure of a solution prepared by dissolving 2.5 ×
10–2 g of K2SO4 in 2L of water at 2.5°C, assuming that it is completely
dissociated. [R = 0.0821 L atm–1 k–1, Molar mass of K2SO4 = 174 g mol–1]

[Ans. : 5.27 × 10–3 atm]
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Unit - 3

ELECTROCHEMISTRY

POINTS TO REMEMBER

1. Electrochemical cells (Galvanic cells) produce electricity as a result of
chemical reaction while in electrolytic cells, electricity is used to produce
a non-spontaneous chemical change at the electrodes.

2. In Galvanic Cells, oxidation occurs at –ve electrode called anode whereas
reduction occurs at +ve electrode called cathode.

3. SHE (Standard Hydrogen Electrode) is represented by Pt/H 2 (g, 1 bar)/
H+(1M) and it is used as a reference half-cell.

2H+ (1M) + 2e–  H2(g, 1 bar), 
2H H

E 0.0V
 

4. As per E values, a metal having more negative reduction potential is
stronger reducing agent than hydrogen while a metal having more positive
reduction potential is weaker reducing agent than hydrogen.

5. For an electrochemical cell, if G < 0 then, cell will work and E
cell will

be > 0.

6. Conductance (G) is inverse of resistance (R). Unit : Ohm–1 or S.

7. Conductivity (specific conductance) denoted by k, is reciprocal of resistivity
and is expressed in S cm–1.

8. Unit of conductivity cell constant is cm–1 or m–1.

9. Molar conductance at concern  (c
m) is conductance of solution containing

1 mol of solute in a given volume.

10. Conductivity decreases but molar conductivity increases with decrease in
concentration.

11. In electrochemical process, the voltage required for a reaction is
sometimes much greater than that indicated by the electrode potentials.
The additional voltage required to cause electrolysis is called over-voltage.
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12. A fuel cell is a voltaic cell that utilizes fuel such as H2, CH4, CH3OH etc.
in the cell reaction.

Anode : CH4 + 2H2O  CO2 + 8H+ + 8e–

Anode : CH3OH + H2O  CO2 + 6H+ + 6e–

Cathode : 4e– + O2 + 4H+  2H2O

13. Corrosion of metals is essentially an electrochemical phenomenon. It
slowly coats the surfaces of metallic objects with oxides or other salts of
the metal.

VSA QUESTIONS (1 - MARK QUESTIONS)

1. What is a galvanic cell?

2. Give the cell representation for Daniell Cell.

3. Mention the purpose of salt-bridge placed between two half-cells of a
galvanic cell?

4. Give the condition for for a cell when there is no flow of electrons or
current.

5. Can you store zinc sulphate solution in a copper container? Give suitable
reason. (EZn2+/Zn = – 01.76V, ECu2+/Cu = 0.34V)

6. How does electrochemical series help us in predicting whether a redox
reaction is feasible or not?

7. Write Nernst equation for the electrode reaction : Mn+
(aq) + ne–  M(s) at

298 K and 1 bar pressure.

8. List the two factors that influence the value of cell potential of a galvanic
cell.

9. Show the direction of flow of electrons in the following cell :

Zn (s) | Zn2+ (aq) || Ag+ (aq) | Ag (s)

10. Write the relation between Ecell and equilibrium constant (K) of a cell reaction.

11. Define cell constant. Write the SI unit of cell constant.

12 How does specific conductance or conductivity of electrolytic solution vary
with temperature?

13. What is the SI unit of (i) Conductance; (ii) Conductivity.

14. Represent a concentration cell with a suitable example.
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15. Express the relation between conductivity and molar conductivity.

16. How many faradays are required to oxidise 1 mol of H2O to O2.

17. Write the unit of Faraday constant.

18. State one difference between a primary battery and secondary battery.

19. Two metals A and B have reduction potential values of – 0.25V and 0.80V
respectively. Which of these will liberate hydrogen gas from dilute H2SO4?

20. Aluminium metal cannot be produced by the electrolysis of aqueous solution
of aluminium salt.

21. Name the cell which was used in Apollo space programme.

22. Rusting of iron becomes quicker in saline water?
[Ans. : Salts present in saline water perform the function of salt-bridge.]

23. Write the name of a chemical substance which is used to prevent corrosion.
[Ans. : Bisphenol]

24. Galvanized iron does not corrode even if the coating of zinc is broken.
Explain why?

(Given :  2+ 2+
Fe Zn

E  Fe  = – 0.44V;  E Zn  = – 0.76V 

25. How does tin plating prevent the corrosion of objects made of copper?

  
    2 2Cu Cu Sn Sn

E 0.34V and E 0.14V

SA (I) TYPE QUESTIONS (2- MARK QUESTIONS)

1. List two points of difference between electrochemical cell and electrolytic
cell.

2. A conventional method of representing a Daniel cell is :

Zn (s) | Zn2+ (1M) || Cu2+ (1M) | Cu (s).

(i) Draw a diagram of the cell and mark anode and cathode as current
is drawn from the cell.

(ii) Write the reactions taking place at the cathode and the anode during
the operation of Daniel cell.

3. List two points of difference between metallic conductance and electrolytic
conductance.
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4. List two factors which affect the conductivity of ionic solutions.

5. Explain the meaning of the terms

(a) Ionic mobility. (b) Overvoltage

6. Account for the fact that when chlorine is passed through a fluoride solution,

no reaction takes place.   –
2

– –
Cl 2Cl2 2Given E  F 2F  = 2.87V;  E  Cl 2Cl = 1.36V 

7. Copper does not dissolve in HCl (aq) but dissolves in HNO3 (aq) producing
Cu2+ ions. Explain the difference in behaviour.

2+ – –
2

3

– + –
Cu Cu Cl 2Cl 3

NO NO2

[Given E  = 0.34V;  E  = 1.36V and NO 4H  3e   
NO (g) + 2H O, E  = 0.97V]

 



 

8. Explain the following observations :
(a) The products of electrolysis of molten NaCl are sodium metal and

chlorine gas.
(b) The products of electrolysis of aqueous sodium chloride solution are

NaOH, Cl2 and H2.

9. Write the cell reaction which occurs in the lead storage battery (a) when
the battery is in use (b) when the battery is on charging.

10. What are fuel cells? Describe the principle and overall reaction involved in
the working of hydrogen–oxygen fuel cell or CH3OH – O2 fuel cell.

11. Account for the following observations :

(a) In a dry cell, the build up of ammonia around the carbon cathode
should disrupt the electric current, but in practice this does not happen.

(b) Primary dry cells are not rechargeable.

12. The following figure shows two electrolytic cells connected in series.

+–

aa
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(a) How much electricity is required for the reduction of 1 mol of Ag+

ions to Ag?

(b) If three faradays of electricity is passed through these cells, what is
the ratio of cations Ag+ and Cu2+ deposited on cathodes?

[Ans. : (a) 1F, (b) 2:1]

13. You are aquainted with the construction and working of a lead storage
battery. Give the plausible reason for the fact :
addition of water is necessary from time to time for maintenance

[Ans. If the recharging is too fast, the electrolysis of
H2O occurs to form H2 and O2(g)]

SA (II) TYPE QUESTIONS (3 - MARK QUESTIONS)

1. Using the standard electrode potential, predict the reaction, If any that
occurs between the following :

2. Formulate the galvanic cell in which the following reaction takes place :

Zn(s) + 2Ag+ (aq)  Zn2+ (aq) + 2Ag(s)

State :

(a) Which one of its electrodes is negatively charged?

(b) The reaction taking place at each of its electrode.

(c) The direction of current within this cell.

3. The standard reduction potentials are as given below :–

Half Cell E° Value

Zn (OH)2/Zn – 1.245 V

Mg (OH)2/Mg – 2.690 V
Fe (OH)2/Fe – 0.877 V

Fe (OH)3/Fe – 2.30 V
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Under standard conditions :

(a) Which is the strongest reducing agent?

(b) Which reducing agent could reduce Zn(OH)2 to Zn?

(c) Which reducing agent could reduce Fe(OH)2 to Fe?

4. State the relationship amongst cell constant of a cell, resistance of the
solution in the cell and conductivity of the solution. How is molar conductivity
of a solute related to conductivity of its solution?

5. Give reasons for :

(a) For a weak electrolyte, its molar conductivity of dilute solution
increases as the concentration of solution is decreased.

(b) Molar conductivity of a strong electrolyte like KCl decreases almost
linearly while increasing concentration?

(c) It is not easy to determine °m of a weak electrolyte by extrapolation
of c s m curves?

5. Describe the composition of anode and cathode in a mercury cell. Write
the electrode reactions for this cell. Why does it provide constant voltage
throughout its life?

6. (a) Write the mechanism of the corrosion of metals.

(b) How is underground iron pipe protected from corrosion? Name the
method used for this purpose.

LONG ANSWER TYPE QUESTIONS (5 MARKS)

1. (a) Explain Kohlrausch law of independent migration of ions. Mention
two applications of this law.

(b) The conductivity of 0.001M CH3COOH 4.95 × 10–5 Scm–1. Calculate
its dissociation constant. Given for acetic acid °m is 390.5 S cm2

mol–1. [Ans. : = 0.126]

2. (i) Define molar conductivity. Draw the plots showing the variation of
molar conductivity for strong and weak electrolyte with square root of
concentation.

(ii) Resistance of a solution (A) is 50 ohm and that of solution (B) is 100
ohm, both solutions being taken in the same conductivity cell, if
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equal volumes of solutions (A) and (B) are mixed, what will be the
resistance of the mixture, using the same cell? Assume that there is
no increase in the degree of dissociation of (A) and (B) on mixing.

[Ans. : 66.66 ohm]

[Hint. : k = Conductivity, y = Cell constant]

1 2
1 1k  =  y, k  =  y :

50 100  and specific conductance of mixture is given by

   1 2k  + k  = 
2

1 2k  + k 1 1 y y 1 =   y,   +  =   y  R = 66.66 ohm
2 R 2 50 100 R

 
   

 

3. (a) State Faraday’s first and second laws of electrolysis.

(b) Silver is deposited on a metallic vessel of surface area 800 cm2 by
passing current of 0.2 ampere for 3 hours. Calculate the thickness
of silver deposited.

(Density of silver = 10.47 g cm–3, Molar atomic mass of silver =

107.924 g mol–1] [Ans. : 2.9 × 10–4 cm]

4. (a) Draw the diagram of standard hydrogen electrode. Write the electrode
reaction.

(b) Calculate the equilibrium constant for the reaction :

Fe2+ + Ce4+   Ce3+ + Fe3+

Given 4 3
3 2

1.44 ; 0.68 

 

  
Ce Fe

Ce Fe

E V E V

[Ans. : 7.6 × 1012]

NUMERICAL PROBLEMS

NERNST  EQUATION

1. For concentration cell :

2+ 2+Cu (s) Cu (0.01M Cu (0.1M) Cu (s)
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(a) Calculate the cell potential.

(b) Will the cell generate emf when concentration becomes equal?

[Ans. : (a) 0.295V, (b) No.]

2. A zinc rod is dipped in 0.1M solution of ZnSO4. The salt is 95% dissociated
at this dilution at 298K. Calculate the electrode potential

2+Zn
Zn

E – 0.76V 
   .  [Ans. : –0.7902V]

3. For the electrode Pt, H2 (g, 1 atm) | H+
(aq) (x M), the reduction electrode

potential at 25°C is – 0.34V. Write the electrode reaction and calculate the
value of x. and the pH of solution.

[Ans. : x = 1.807 × 10–6, pH = 5.743]

4. For what concentration of Ag+ (aq) will the emf of the given cell be zero
at 25°C if concentration of Cu2+ (aq) is 0.1M?

Given + 2Ag
Ag

E 0.80V; E 0.34V
Cu

Cu


    .

Cell : Cu (s) | Cu2+ (aq) || Ag+ (aq) | Ag(s) [Ans. : 5.3 × 10–9]

5. Write the Nernst equation and calculate the emf of the following cell at
298K.

Cu(s) | Cu2+ (0.130M) || Ag+ (10–2 M) | Ag(s)

Given 2+Cu
Cu

E 0.34V; E 0.80V
Ag

Ag


     [Ans. : 0.37V]

6. Write the Nernst equation and emf of the following cell at 298K

Pt(s) | Br2(l) | Br– (0.010M) || H+ (0.030 M) | H2 (g, 0.9 bar) | Pt(s)

Given 


–
2Br |Br |Pt 1.09 V

E [Ans. : –1.29 V]

7. Calculate the emf of the cell :

2 2(0.001 (0.001 )Mg Mg M Cu M Cu 

Given 2 20.34 ; 2.375
Cu Mg

Cu Mg
E V E V 

   

[Ans. : 2.651 V]
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8. Calculate the emf of the following cell at 298 k :

         

 

2
2

Cell

Fe s Fe 0.001M H 1M H g,1bar Pt s

E 0.44V

 

 

[Ans. : 0.5285V]

9. Calculate the potential for half–cell containing 0.1M K2Cr2O7 (aq),
0.2  M Cr3+ (aq) and 1 × 10–4 M H+ (aq).

The half cell reaction is :

Cr2O7
2–(aq) + 14H+(aq) + 6e–  2Cr3+(aq) + 7H2O(l)

and the standard electrode potential is given as E = 1.33 V.
[Ans. : 0.7823 V]

 

 

23

Cell Cell 142–
2 7

0.059 CrE E – V log
6 Cr O H






 
 
    

Hint :

G, E
Cell and Kc RELATIONSHIP

10. Calculate the equilibrium constant for the reaction at 25°C.

Cu(s) + 2Ag+ (aq)   Cu2+ (aq) + 2Ag (s)

The standard cell potential for the reaction at 25°C is 0.46V.

[Given R = 8.314 JK–1 mol–1] [Ans. : 4.0 × 1015]

11. Calculate G for the reaction.

Cu2+ (aq) + Fe(s)  Fe2+ (aq) + Cu(s)

2+ 2Cu
Cu

E 0.34V; E 0.44V
Fe

Fe


     [Ans. : –150, 540 kJ]

12. Zinc granules are added in excess to 500 mL of 1.0 M nickel nitrate solution
at 25°C until the equilibrium is reached. If the standard reduction potential
of Zn2+ | Zn and Ni2+ | Ni are –0.75 V and – 0.24 V respectively, find out
the concentration of Ni2+ in solution at equilibrium.

[Ans. : 5.88 × 10–18M]

13. Calculate the standard cell potential of a galvanic cell in which the following
reaction takes place :

2Cr(s) + 3Cd2+ (aq)  2Cr3+ (aq) + 3Cd(s)
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Calculate rG
 and equilibrium constant, K of the above reaction at 25°C.

[Given  
     3 2

–1
Cr Cr Cd Cr

E 0.74V, E 0.40V,1F 96500 C mol ].

[Ans. : G = –196860 J mol–1, K = 3.173 × 1034]

14. Calculate the cell emf and rG
 for the cell reaction at 25°C

Zn(s) | Zn2+ (0.1M) || Cd2+ (0.01M) | Cd(s)

(Given 2 2Zn 2n Cd Cr
E 0.763V, E 0.403V, 
    

1F = 96500 C mol–1. R = 8.314 Jk–1 mol–1]

[Ans. : Cell emf = 0.3305 V; G = 69.48 kJ mol–1]

15. In the button cell widely used in watches and other derices, the following
reaction takes place :

Zn(s) + Ag2O (s) + H2O (l)  Zn2+ (ag) + 2Ag(s) + 2OH–(aq)

Determine rG
Ø and EØ for the reaction.

Given EØ 
Zn2+/Zn

 = – 0.76V;  EØ 
Ag+/Ag

 = 0.8V

[Ans.: –301.08 kJ / mol., E
cell = 1.56V]

16. The standard Gibbs energy of formation (fG
)

of Al2O3 is –1050 kJ mol–1 of O2

2 2 3 f
2 2Al O Al O , G –1050 kJ / mol
3 3

   

Calculate voltage applied to carry out electrolysis of Al2O3.
(F = 96500 C mol–1] [Ans. : 2.720 V]

[Hint : 2 3 2 r
2 4Al O Al O , G 1050 kJ / mol
3 3

    

rG
 = –nE F and n = 4]

17. Calculate the E
Cell

 produced in H2 – O2 fuel cell if standard Gibbs energy
of formation of water is –237 kJ/mol. [Ans. : 1.228 V]

[Hint : The Cell reaction is :

2H2 + O2  2H2O ,  rG
 = 2fG

 = –2 × 237 kJ mol–1

The number of electorns involved = 4

rG
 = –n E

Cell F.
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CONDUCTANCE, CONDUCTIVITY & MOLAR CONDUCTIVITY

18. The conductivity of 0.2 M solution of KCl at 298K is 0.025 S cm–1. Calculate
its molar conductivity. [Ans. : 125 S cm–2 mol–1]

19. The molar conductivity of 0.1M CH3COOH solution is 4.6 S cm2 mol–1.
Calculate the conductivity and resistivity of the solution.

[Ans. : .00046 S cm–1, 2174  cm]

20. The electrical resistance of a column of 0.05 M NaOH solution of diameter
1 cm and length 50 cm is 5.55 × 103. Calculate its resistivity, conductivity
and molar conductivity.

[Ans. :  = 87.135 cm; k = 1.148 × 102 S cm–1 ;
m = 229.5 S cm2 mol–1]

21. The resistance of a conducivity cell containing 0.01 M KCl solution at 298K
is 1500. What is the cell constant if the conductivity of 0.001 M KCl
solution at 298K is 0.146 × 10–3 S cm–1? [Ans. : 0.219 cm–1]

KOHLRAUSCH LAW

22. The molar conductivities of NH+
4 ion and Cl– ion are 73.5 S cm2 mol–1 and

76.255 cm2 mol–1 respectively. The specific conductivity of 0.1 M NH4Cl is
1.288 × 10–2 S cm–1. Calculate the dissociation constant of NH4Cl.

[Ans. : 7.396 × 10–2]

23. Molar conductivity at infinite dilution for NH4Cl, NaOH and NaCl solution at
298K are respectively 129.8, 218.4 and 108.9 S cm2 mol–1 and c

m for
10–2 M solution of NH4OH is 9.33 S cm2 mol–1. Calculate the degree of
dissociation of NH4OH. [Ans. : 0.039]

24. Calculate the degree of dissociation of acetic at 298K, given that

°m(CH3COO–) = 40.9 S cm2 mol–1

°m(H+–) = 349.1 S cm2 mol–1

m(CH3COOH) = 11.7 S cm2 mol–1 [Ans. : 3 × 10–2]
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Unit - 4

CHEMICAL KINETICS

POINTS TO REMEMBER
1. Rate constant is equal to rate of reaction when the concentration when

the concentration of each reactant is taken as 1 mol L –1.

The units of rate constant depends on the order of reaction as given
below :

Order of Reaction Units of Rate constants

0 mol L–1 s–1 or Ms–1

1 s–1

2 L mol–1 s–1 or M–1 s–1

2. Order of reaction is the sum of the powers of the concentration terms of
the reactants in the rate law expression. It is an experimentally determined
quantity. It may be zero, whole number or fractional.

3. Molecularity is the number of reacting species taking part in an elementary
reaction. It’s value can never be zero or fractional.

4. For a complex reaction, generally molecularity of the slowest step is same
as the order of the overall reaction.

5. When a reaction is first order w.r.t. each of the two reactants, it becomes
pseudo first order when one of the reactants is taken in excess.

For example,   H
3 2 5 2 3 2 5CH COOC H H O excess CH COOH C H OH



  

6. The half life (t1/2) of a reaction is the time in which the concentration of
a reactant is reduced to one half of its initial concentration.

 
1 2 n–1

0

1t
R

7. A catalyst does provide a reaction path of lower activation energy without
affecting the magnitude of equilibrium constant and the enthalpy of
reaction (rH).
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8. A collision of correctly oriented particles will be effective if the kinetic
energy of collision is  activation energy (Ea).

9. Rate of reaction increases exponentially with the rise in temperature as
shown by the equation :

a–E RTk A e

10. The unit of A is the same as that of k.

11. aE
RT  denotes the fraction of collisions having kinetic energy  Ea.

VSA QUESTIONS (1- MARK QUESTIONS)

1. Define the term ‘rate of reaction’.

2. Mention the unit of rate of reaction.

3. Express the rate of reaction in terms of Br– (aq) as reactant and Br2 (aq)
as product for the reaction :

5 Br–(aq) + Br(aq) + 6H+ (aq)  3 Br2(aq) + 3H2O(/)

4. For a chemical reaction represented by R  P, the rate of reaction is
denoted by

   – +
 or 

R P
t t

 

 

Why a positive sign (+) is placed before 
 P
t




 and negative sign (–) before

 R
t




 ?

5. Express the rate of reaction in terms of disappearance of hydrogen and
appearance of ammonia in the given reaction.

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

6. Why rate of reaction does not remain constant throughout?

7. Write the unit of first order rate constant of a gaseous reaction if the partial
pressure of gaseous reactant is given in bar.

8. For a reaction :

R  P, the change in concentration of reactant w.r.t. time is shown by
following graph :
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(i) What is the order of the reaction ?

(ii) Write the rate expression for the reaction.

9. What will be the order of reaction, if the rate of reaction does not depend
on the concentration of any of the reactant.

10. For the elementary step of a chemical reaction :
H2 + I2  2HI
rate of reaction  [H2] [I2]

What is the (i) molecularity and (ii) order of the reaction.

[Ans. : (i) 2 (ii) 1]

11. For a chemical reaction A  B. The rate of the reaction is given as Rate
= k [A]n, the rate of the above reaction quadruples when the concentration
of A is doubled. What is the value of n? [Ans. : n = 2]

12 Mention one example of zero order reaction.

13. What is the order of radioactive decay?

[Ans. : First order]

*14. Express the relation between the half-life period of a reactant and initial
concentration of a reaction of nth order.

[Ans. : t½  
 

–1
0

1 nR


*15. A reaction is 50% complete in 2 hours and 75% complete in 4 hours. What
is the order of reaction? [Ans : First order]

16. Suggest an appropriate reason for the observation : “On increasing
temperature of the reacting system by 10 degrees, the rate of reaction
almost doubles or even sometimes becomes five folds.”
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*17. For a chemical reaction, activation energy is zero at 300K and rate constant
is 5.9 × 10–5 s–1, what will be the rate constant at 400K?

[Ans. : 5.9 × 10–5 s–1]

*18. Two reactions occuring at the same temperature have identical values of
activatopm emergy. Does this ensure that also they will have the same rate
constant? Explain.

[Hint : Rate depends on the nature and concentrations of reactants and
also pre-exponential factor.

19. The rate constant of a reaction is given by the expression k = Ae–Ea/RT

Which factor in this expression should register a decrease so that the
reaction proceeds rapidly?

20. For a chemical reaction, rate constant k = 5.3 × 10–4 mol L–1 s–1, what will
be the order of reaction? [Ans. : Zero order]

21. Write the rate law and order for the following reaction :
AB2 + C2  AB2C + C (slow)

AB2 + C  AB2C (Fast)]
[Ans. : Rate = k [AB2] [C2]; Order is 1 + 1 = 2]

SA (I) TYPE QUESTIONS (2 - MARK QUESTIONS)

1. List four factors which affect the rate of a chemical reaction. State how
each of these factors changes the reaction rate.

2. Differentiate between

(a) Average rate and instantaneous rate of a chemical reaction.

(b) Rate of a reaction and specific rate of reaction, i.e., rate constant.

3. The rate law for the reaction : A + B  P is given by

Rate = k [A]n [B]m

On doubling the concentration of A and reducing the concentration of B to
half of its original concentration, calculate the ratio of the new rate to the
previous rate of reaction. [Ans. : 2n–m]

4. For the reaction in a closed vessel :

2NO(g) + O2(g)  2NO2(g); Rate = k [NO]2 [O2]
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If the volume of the reaction vessel is doubled, how would it affect the rate
of the reaction? [Ans. : diminishes to 1/8 of initial value]

5. Explain with an example, what is a pseudo first order reaction?

6. Show that time required for 99.9% completion of the first order reaction is
10 times of t1/2 for first order chemical reaction.

7. The graphs (1 and 2) given below are plots of rate of reaction vs
concentration of the reaction. Predict the order from the graphs.

8. (a) For a reaction A + B  Products, the rate law is given by

r = k [A]1/2 [B]2

What is the order of reaction?

(b) the conversion of molecules X to Y follows second order kinetics. If
concentration of X is increased to three times, how will it affect the
rate of formation of Y? [Ans. : (a) 5/2; (b) 9 times]

SA (II) TYPE QUESTIONS (3 - MARK QUESTIONS)

1. What is meant by zero order reaction? Derive an integrated rate equation
for a zero order reaction.

2. (a) Write two points of difference between order of reaction and
molecularity of a reaction.

(b) Write one point of difference between rate of reaction and rate
constant.

3. Draw a graph between fraction of molecules and kinetic energy of the
reacting species for two different temperatures :

(a) Room temperature
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(b) Temperature 10°C higher than the room temperature

(c) Indicate the fraction of additional molecules which react at (t +10)°C.

LONG ANSWER TYPE QUESTIONS (5 - MARK - QUESTIONS)

1. (a) A chemical reaction is of second order w.r.t. a reactant. How will the
rate of reaction be affected if the concentration of this reactant is :
(a) doubled; (b) reduced to 1/8th?

[Ans. : (a) Four times (b) 1/64]

(b) For the reaction

2NO (g) + Cl2 (g)  2 NOCl (g)

the following data were collected. All the measurements were taken
at 263K

Experiment Initial Initial Initial rate
No. [NO] / M [Cl2] /M of disapperance

of Cl2 [M / min]

1 0.15 0.15 0.60
2 0.15 0.30 1.20
3 0.30 0.15 2.40
4 0.25 0.25 ?

(i) Write the expression for rate law.

(ii) Calculate the value of rate constant and specify its units.

(iii) What is the initial rate of disapperance of Cl2 in exp. 4?

[Ans.: (i) Rate = k [NO]2 [Cl2], (ii) k = 177.7 L2 mol–2 min–1,
(iii) 2.7765 M/min]

2. (a) Draw a plot between log k and reciprocal of absolute
temperature (T).

(b) The energy of activation for a chemical reaction is 100 kJ/mol.
Presence of a catalyst lowers the energy of activation by 75%. What
will be effect on the rate of reaction at 20°C, if other factors are
equal?

3. (a) Derive the equation for rate constant of a first order reaction. What
would be the units of the first order rate constant if the concentration
is expressed in moles per litre and time in seconds?
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(b) For first order chemical reaction, half-life period (t1/2) is concentration
independent. Justify the statement by using integrated rate equation.

RATE OF REACTION

1. In the reaction R P, the concentration of R decreases from 0.03M to
0.02 M in 25 minutes. Calculate the average rate of reaction using unit of
time both in minutes and seconds.

[Ans. : 4 × 10–4M min–1, 6.66 × 10–6 M s–1]

2. For a chemical reaction A  B, it was found that concentration of B
increases by 0.2 mol L–1 in half an hour. What is the average rate of
reaction. [Ans. : 0.0066 mol L–1 min–1]

3. For the reaction

2A + B  A2B

the rate = k[A]1[B]2 with k = 2.0 × 10–6 mol–2 L2 s–1. Calculate the initial rate
of reaction when [A] = 0.1 mol L–1, (B) = 0.2 mol/L. Calculate the rate
reaction after [A] is reduced to 0.06 mol L–1.

[Ans. : (i) 8 × 10–9 mol–2 L2 s–1; (ii) 3.89 × 10–9 mol–2 L2 s–1]

INITIAL RATE METHOD

4. The experimental data for the reaction : 2A + B2  2AB, are as follows.
Write probable rate expression.

[A] mol/L–1 [B2] mol/L–1 Initial rate (mol L–1 sec–1)

0.5 0.5 1.6 × 10–4

0.5 1.0 3.2 × 10–4

1.0 1.0 3.2 × 10–4

[Ans : Rate = k [B2]

5. The data given below is far the reaction,

2N2O5 (g)  4 NO2 (g) + O2 (g)

S.No. N2O5 [mol L–1] Rate of disappearance of
N2O5 (mol L–1 min–1)

1. 1.13 × 10–2 34 × 10–5

2. 0.84 × 10–2 25 × 10–5

3. 0.62 × 10–2 18 × 10–5
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Determine (i) order of reaction (ii) rate low, (iii) Rate constant

[Ans. : (i) 1; (ii) k[N2O5]; (iii) 30.09 × 10–3 min–1]

INTEGRATED RATE LAW

6. The reaction SO2Cl2(g)   SO2(g) + Cl2(g) is a first order reaction
with half life of 3.15 × 104 s at 575 K. What percentage of SO2Cl2 would
be decomposed on heating at 575K for 90 min. [Ans. : 11.2%]

7. A first order reaction has a rate constant 1.15 × 10–3 s–1. How long will 5g
of this reactant takes to reduce to 3g? [Ans. : t = 444 s]

8. Show that for a first order reaction, time required for 99% completion is
twice for the time required for the 90% completion of reaction.

9. A reaction is 20% complete in 20 minutes. Calculate the time required for
80% completion of reaction, If reaction follows the first order kinetics.

[Ans. : 144 min]

10. For the decomposition of azoisopropane to hexane and nitrogen at 543K,
the following data are obtained.

t (sec.) 0 360 720

Pressure (atm.) 35.0 54.0 63.0

Calculate the rate constant.

[Ans. : K = 2.20 × 10–3 s–1]

11. The rate constant for a chemical reaction is 2.303 × 10–3 min–1. If the
initial concentration of reacxtant is 0.02 mol L–1, then calculate

(a) Initial rate of reaction and

(b) Rate of reaction after 20 minutes.

[Ans. : (a) 4.6 × 10–5 mol L–1 min–1; (b) 4.4 × 10–5 mol L–1 min–1]

[Hint : (a) Initial Rate = k[A]0
1

(b) Concentration after 20 minutes.

 
    –3

2.303 0.0220 log
x2.303 10

x = 0.0191 mol L–1 min–1

Now calculate rate after 20 minutes].



51 [XII –  Chemistry]

Twinklegraphics*chemistry-XII 2013*3rd print

ACTIVATION ENERGY

12. The decomposition of phosphine 4PH3(g)  P4(g) + 6H2(g) has rate law;
Rate = k [PH3]. The rate constant is 6.0 × 10–4 s–1 at 300K and activation
energy is 3.05 × 105 J mol–1. Calculate the value of the rate constant at
310K. (R = 8.314 J K–1 mol–1). [Ans. : 30.97 × 10–3 s–1]

13. The decomposition of a hydrocarbon follows the equation
k = (4.5×1011 s–1) e–28000 K/T,
Calculate activation energy (Ea). [Ans. : 232.79 kJmol–1)

14. The rate of reaction triples when the temperature changes from 20°C to
50°C. Calculate the energy of activation. [R = 8.314 J K–1 mol–1,
 and log 3 = 0.48] [Ans. : 12.59 kJ]

15. A hydrogenation reaction is carried out at 550 K. If the same reaction is
carried out in the presence of a catalyst at the same rate, the temperature
required is 400 K. Calculate the activation energy of the reaction if the
catalyst lowers the activation barrier by 20 kJ mol–1.

[Hint : k = Ae –Ea/RT. In the absence of catalyst, Ea = x kJ mol–1. In the
presence of catalyst, Ea = (x – 20) kJ mol–1] [Ans. : Ea = 100 kJ mol–1]

16. The rate constant for the first order decomposition of H2O2 is given by the
following equation : log k = 14.34 – 1.25 × 104 K/T. Calculate Ea for this
reaction and at what temperature will its half-life be 256 minutes.

[Ans. : Ea = 239.34 kJ; T = 670K]

17. A certain reaction is 50% complete in 20 min at 300K and the same
reaction is again 50% complete in 5 min at 350K. Calculate the activation
energy if it is a first order reaction.

(R = 8.314J K–1 mol–1, log 4 = 0.602) [Ans. : 24.206 kJ/mol]

18. Rate constant ‘k’ of a reaction varies with temperature ‘T’ according to the
equation.

aE 1log k logA –
2.303 R T

 
   

Where Ea is the activation energy. When a graph is plotted for log k vs 
1 ,
T

a straight line with a slope of –4250 k is obtaioned. Calculate ‘Ea’ for the
reaction. [R = 8.314 J k–1 mol–1]. [Ans. : 81.375 kJ mol–1]
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Unit - 5

SURFACE CHEMISTRY

POINTS TO REMEMBER

1. Adsorption occurs because of unbalanced forces acting inwards on the
surface of the solid or a liquid.

2. The substance adsorbed is called adsorbate and substance on which
adsorption takes place is adsorbent.

3. In physical adsorption, adsorbate is held to adsorbent by weak van der
Waals forces. In chemisorption, adsorbate is held to adsorbent by strong
chemical bond.

4. Water vapours are adsorbed in silica but absorbed in CaCl 2.

5. If the concentration of adsorbate is more on the surface with respect to
bulk, it is called positive adsorption. If it is less on the surface with
respect to bulk it is called negative adsorption.

6. Greater the surface area of the adsorbent, the more is the extent
adsorption.

7. Higher the critical temperature of a gas, greater is its adsorption.

8. Physical adsorption is due to van der Waals forces and is reversible.
Chemisorption involves the formation of compounds on the surface and
is irreversible.

9. At constnat temperature, adsorption generally increases with pressure.
lower the temperature, greater is the effect of pressure.

10. Freundlich adsorption isotherm is

 1 nx kP n 1 ;
m

  ;
x 1log log k log P
m n
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i.e., plot of log x/m vs log P gives a straight line with slope = 
1
n  and y

intercept = log k.

11. Adsorption is generally temperature dependent. Mostly adsorption
precesses are exothermic and, therefore, adsorption decreases with
increasing temperature.

12. For adsorption from solution, pressure (P) is replaced by equilibrium
concentration (C).

13. A catalyst is a substance that increases the rate of reaction without being
consumed in the reaction. In general, a catalyst functions by lowering the
energy of activation which in turn makes the rate constant larger and,
hence, the rate of reaction higher.

14. In homogeneous catalysis, the catalyst is in the same phase as are the
reactants and in heterogeneous catalysis, the catalyst is in the different
phase from the reactants.

15. Enzymes are biological catalysts. Their main characteristics are their high
specificity, efficiency (even in traces) and activity at physiological
temperature of 37°C and pH of 7.4.

16. Enzyme catalysed reaction takes place in two steps :

    E S ES fast and reversible

[ES]  E + P (slow and rate determining)

(E is enzyme, S is subtrate and P is product)

17. Colloidal solutions are intermediate between true solutions and
suspensions. Their size range in the order 1 nm to 1000 nm.

18. A colloidal system consists of two phases : the dispresed phase and
dispersion medium.

19. Lyophilic sols are formed by organic substances like gum, starch, protein
etc. These are reversible and more stable.
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20. Lyophobic sols are formed by inorganic substances like metals, their
sulphides etc. These are irreversible and less stable.

21. The stability of lyophilic sols is due to their greater hydration in the solution.

22. The colloidal systems show Brownian movement, Tyndall effect and
electrical properties.

23. Aggregate of ions in an associated colloidal sol is called ionic micelle.
The concentration above which they are formed is called critical
micellization concentration  (CMC) and the temperature above which
they are formed is called Kraft temperature (Tk).

24. Conversion of a freshly precipitated substance into colloidal sol by shaking
with a suitable electrolyte is called peptisation.

25. The movement of colloidal particles under the influence of an electric field
is called electrophoresis.

26. The process of changing the colloidal particles in a sol into the insoluble
precipitate by the addition of some suitable electrolytes is known as
coagulation.

27. According to Hardy Schluze rule, greater the valency of the oppositely
charged ions of the electrolyte, the faster is the coagulation.

28. The minimum number of millimoles of the electrolyte required for complete
coagulation of one litre of a colloidal sol is called its coagulation or
flocculation value.

29. The minimum number of milligrams of a lyophilic sol needed to protect
10 mL of gold sol. by the addition of 1 mL of 10% NaCl is called gold
number. Protective power is the reciprocal of gold number.

30. Emulsions are colloidal systems in which both dispersed phase and
dispersion medium are liquids. These can be of (i) oil in water (o/w) and
(ii) water in oil type (w/o).

31. The process of making emulsion is called emulsification.

32. To stabilise an emulsion, an emulsifying agent or emulsifier is added. Soap
and detergents are most frequently used as emulsifiers.
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VSA QUESTIONS (1 - MARK QUESTIONS)

1. Why does a gas mixed with another gas not form a colloidal system?

2. Why are adsorbate particles attracted and retained on the surface of
adsorbent?

3. Explain the terms sorption and desorption.

4. “Chemisorption is highly specific.” Illustrate with an example.

5. “Adsorbents in finely divided form are more effective.” Why?

6. Name two compounds used as adsorbent for controlling humidity.

[Ans. : (i) Silica gel, (ii) Alumina gel]

7. Mention one shape selective catalyst used to convert alcohol directly into
gasoline.

8. ‘Generally high temperature is favourable for chemisorption.’ Why?

9. Name the catalyst used in the following process :

(a) Haber’s process for the manufacture of NH3 gas.

(b) Ostwald process for the manufacture of nitric acid.

10. Explain the relationship given by Freundlich in adsorption isotherm.

11. Which group elements show maximum catalytic activity for hydrogenation
reactions?

[Hint : 7–9 group elements]

12. Why gas masks are used by miners in coal mines while working?

13. Write the chemical reaction involved in the preparation of sulphur sol.

14. Name the enzyme which converts milk into curd. [Ans. : lactobacilli]

15. What are the optimum temperature and pH at which enzymes are highly
active. [Ans. : Temperature 298–310K and pH 5 to 7]

16. What are the physical states of dispersed phase and dispersion medium
in foam rubber.

17. What is the composition of colloidion solution?

18. Why do colloidal particles show Brownian movement?

[Hint : Due to unbalanced bombardment of the particles by the molecules
of the dispersion medium]
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19. State the sign of entropy change involved when the molecules of a
substances get adsorbed on a solid surface. [Ans. : S = –ve]

20. Why does sky appear blue to us?

21. What happens when hydrated ferric oxide and arsenious sulphide sols are
mixed in almost equal proportions?

22. Gelatin is generally added to ice-cream. Why?

[Hint : Ice-cream is water is oil type (o/w) emulsion and gelatin acts as emulsifier].

23. How is lake test for aluminium ion based upon adsorption?

[Hint : Al2O3.xH2O has the capacity to adsorb the colour of blue litmus
from the solution]

24. What is saturation pressure in Freundlich’s isotherm?

25. Mention the two conditions for the formation of micelles.

[Hint. : CMC and Tk]

26. How is Brownian movement responsible for the stability of sols?

[Hint : Stirring effect due to Brownian movement does not allow the particles
to settle down.]

27. Which of the following is more effective in coagulating positively charged
hydrated ferric oxide sol : (i) KCl (ii) CaSO4 (iii) K3 [Fe(CN)6].

28. State the purpose of impregnating the filter paper with colloidion solution.

29. Mention one use of ZSM–5 catalyst.

SA (I) TYPE QUESTIONS (2 - MARK QUESTIONS)

30. Explain the effect of temperature on the extent of physical and chemical
adsorption.

31. Define the term peptization and mention its cause.

32. What will be the charge on colloidal solutions in the following cases.
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Give reasons for the origin of charge.

33. Write the factors upon which the catalytic reaction of shape-selective catalyst
depends?

[Hint : (a) Pore structure of the catalyst; (b) Size and shape of the reactant
and product molecules.]

34. Mention two examples of emulsifying agents for o/w emulsions and w/o
emulsions.

35. Suggest a mechanism of enzyme catalysed reaction.

36. A small amount of silica gel and a small amount of anhydrous calcium
chloride are placed separately in two beakers containing water vapour.
Name of phenomenon that takes place in both the beakers.

[Hint : Silica gel – Adsorption, Anhydrous CaCl2–Absorption, as it forms
CaCl2. 2H2O)

37. Write the differences between adsorption and absorption?

38. How can physisorption be distinguished from chemisorption?

39. Classify the following reactions as homogeneous and heterogeneous
catalysis :

(a) Vegetable oil (l) + H2 (g) Ni(s)
  Vegetable ghee (s)

(b) C12H22O11 (aq) + H2O (l) H SO  (aq)2 4  C6H12O6 (aq) + C6H12O6 (aq)

40. In what way these are different : (a) a sol and a gel (b) a gel and an
emulsion.

41. State “Hardy Schulze Rule” with one example.

42. What is an emulsifying agent? What role does it play in forming an
emulsion?

43. Define the terms :

(a) Helmholtz electrical double layer.

(b) Zeta potential.

44. A graph between 
x
m  and log p is a straight line at an angle of 45° with

intercept on the y-axis i.e. (log k) equal to 0.3010. Calculate the amount
of the gas absorbed per gram of the adsorbent under a pressure of 0.5
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atmosphere.

45. Mention the two necessary conditions for the observation of Tyndall Effect.

46. Account for the following :

(a) Artificial rain can be caused by spraying electrified sand on the clouds.

(b) Electrical precipitation of smoke.

47. Write chemical equations for the preparation of sols :

(a) Gold sol by reduction.

(b) hydrated ferric oxide sol by hydrolysis.

48. How can the two emulsions can be distinguished :

(a) oil in water type (O/W) and

(b) water in oil type (W/O)

49. What are lyophilic and lyphobic colloids? Which of these sols can be easily
coaqulated on the addition of small amounts of electrolytes?

SA (II) TYPE QUESTIONS (3 - MARK QUESTIONS)

50. Write the difference between

(a) catalysts and enzymes

(b) promoters and poisons

51. Write the steps of ‘Modern Adsorption Theory of Heterogenous Catalysis.’

52. Mention the two important features of solid catalysts and explain with the
help of suitable examples.

53. How are the following colloids different from each other in respect of
dispersion medium and dispersed phase? Give one example of each type.

(a) An aerosol   (b)   A hydrosol   (c)   An emulsion.

54. What happens :
(a) by persistent dialysis of a sol.
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(b) when river water meets the sea water.
(c) when alum is applied on cuts during bleeding.

55. Distinguish between multimolecular, macromolecular and associated colloids
with the help of one example of each.

56. (a) Which property of colloids is responsible for the sun to look red at the
time of setting?

(b) C2H2 on addition with H2 forms ethane in presence of palladium
catalyst but if reaction is carried in the presence of barium sulphate
and quinoline, the product is ethene and not ethane. Why?

[Ans. (a) Sun is at horizon and blue part of the light is scattered away by the dust
particles as light has to travel a long distance through the atmosphere.

(b) CH  CH + H2 
Pd

 CH2 = CH2 Pd

H2  CH3 – CH3

CH  CH + H2 4BaSO , quinoline
Pd

  CH2 = CH2

(BaSO4
 in presence of quinoline act as poison. The catalyst in this

case is not  effective in further reduction].
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Unit - 6

GENERAL PRINCIPLES AND PROCESSES OF
ISOLATION OF ELEMENTS

Flow-sheet diagram of the metallurgical process is given below.

ORE

Step 1. Crushing and grinding

Powdered Ore

Step 2. Concentration (i) Levigation

(ii) Forth Floatation,

(iii) Electromagnetic separation.

(iv) Electrostatic concentration.

(v) Leaching : Used for concentration
bauxite ore of Al :

Al2O3(s) + 2NaOH(aq) + 3H2O(l) 

2Na [Al(OH)4](aq)

2Na[Al(OH)4](aq) + CO2(g) 

Al2O3.xH2O(s) + NaHCO3(aq)

Al2O3.xH2O(s) 
Heat  Al2O3(s) +

xH2O(g)

Other examples : In case of Ag and Au

4M(s) + 8CN–(aq) + 2H2O(aq)  O2(g)
 4[M(CN)2

–](aq) + 4OH–

2[M(CN)2]
–(aq) + 2n(s)  [2n(CN)4

2–](aq)
+ 2M(s)

Solvent used is NaCN and not KCN.
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Concentrated Ore

Stem 3. Conversion to metal oxide Calcination or Roasting

Note: Absence of air is not necessary
in calcination.

Metal oxide

Step 4. Conversion to metal Smelting, Autoreduction, Electrometallurgy,
Aluminothermic process, Hydromethyllurgy

Crude Metal

Step 5. Purification of the metal 1. Distillation : Zn, Hg

2. Liquation : Sn

3. Electrolytic refining : Cu

4. Zone refining  Ge, Si, B, Ga, ln

5. Vapour phase refining :
Mond’s process : Ni

Van Arkel Method : Zr, Ti.

6. Chromatographic method : Purification
of elements present in minute quantities.

VARIOUS TYPES OF STEEL

Type of Steel Carbon content Properties Uses

Mild Steel 0.2 – 0.5% (i) It can be hardened by (i) Lightly stressed machine
(Medium carbon heat  treatment fittings, turbine, motors,
Steel) railway axels, crank

shafts, fish plates, cross
heads, etc.

(ii) It has a good machining
property

(iii) It is very good for welding

Hard Steel 0.5 – 0.7% (i) It can be imparted Wheels for railways service
desired hardness by heat cushion springs, clutch
treatment springs, dies, set screws, etc.

(ii) It can be welded with a
great care

Chrome Steel 1.5 – 2% Cr Extremely hard For making armour-piercing
projectiles, crushing machi-
nery and cutlery.

Stainless steel 11.5% Cr. Resists corrosion For making cutlery, utensils,
2% Ni surgical instruments, auto-

mobile parts and cycle parts.
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VSA QUESTIONS (1 - MARK QUESTIONS)

1. Name three metals which occur in native state in nature.
[Ans. : Au, Ag and Pt]

2. Name the collector used in froth flotation process?
[Pine oil]

*3. Give the names and formulas of three ores which are concentrated by froth
floatation process.

[Ans. : Galena (PbS), zinc blend (zns) cinnabar (HgS)]

4. What is the thermodynamic criteria for the feasibility of a reaction?

[Ans. : G should be –ve or log K must be + ve]

5. Why can’t aluminium be reduced by carbon?

[Hint : Al is stronger reducing agent than carbon]

6. Name the most important form of iron. Mention its one use.

[Ans. : Cast iron is used for making gutter pipes, castings, railway sleepers,
toys etc.]

7. Name the impurities present in bauxite ore.

[Ans. : SiO2, Fe2O3 and TiO2]

8. What is the composition of copper matte?

[Hint : Cu2S and FeS]

9. Which from of copper is called blister copper?

10. What are froth stabilizers? Give two examples.

[Ex. : Cresol and aniline].

11. A sample of galena is contaminated with zinc blend. Name one chemical
which can be used to concentrate galena selectively by froth floatation
method. [Ans. : NaCN]

12. What are the constituents of German silver?

[Ans. : Cu = 25-30%, Zn = 25-30%, Ni = 40-50%]

13. Why is froth floatation process selected for concentration of the sulphide
ore?
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[Ans. : Sulphide ore particles are wetted by oil (pine oil) and gangue
particles by water]

14. Write the reaction involved in the extraction of copper from low grade ores.

[Ans. : First step is leaching of ore with acid or bacteria followed by
reduction : Cu2+ (aq) + H2 (g)  Cu(s) + 2H+ (g)]

15. Which method of purification is represented by the following reaction

Ti(s) + 2I2, (g) 523K
  Ti I4(g) 1700K

  Ti(s) + 2I2(g)

16. Zinc but not copper is used for the recovery of metallic silver from the
complex [Ag(CN)2]

–, although electrode potentials of both zinc and copper
are less than that of Ag. Explain why?

[Hint : Zinc reacts at faster rate as compared with copper, further zinc is
cheaper than copper].

17. Write the composition of motlen mixture which is electrolysed to extract
aluminium.

SA (I) QUESTIONS (2 - MARK QUESTIONS)

18. What is hydrometallurgy? Give one example where it is used for metal
extraction.

[Ans. : Leaching followed by reduction is called hydrometallurgy. It is used
in extraction and copper

19. Name the process for the benefaction/concentration of (i) an ore having
lighter impurities (ii) sulphide ore.

20. Mention the role of cryolite  in the extraction of aluminium.

21. Mention the role of following :

(a) SiO2 in the metallurgy of Cu.

(b) CaCO3 in the metallurgy of Fe.

(c) CO in the metallergy of iron

(d) I2 in the purification of zirconium.

22. Extraction of copper directly from sulphide ore is less favourable than from
its oxide through reduction. Explain.

[Ans. : 2Cu S(s) + C(s)  CS2 (l) + 2Cu(s)

    CuO(s) + C(s)  CO (g) + Cu(s)
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G value is more –ve in second case as compared with first case]

23. The graphite electrodes in the extraction of ‘alluminium’ by Hall-Heroult
process need to be changed frequently. Why?

24. Write the chemical formulas of the following ores (a) Haematite (b) Magnetite
(c) Limonite (d) Siderite.

[Ans. : (a) Fe2O3 (b) Fe3O4 (c) Fe2O3.2H2O (d) FeCO3]

25. Give equations for the extraction of zinc from calamine.

[Ans. : ZnCO3  ZnO + CO2 (Calcination) ZnO + C  Zn + CO (Reduction)]

26. Name the elements present in anode mud during refining of copper. Why
does it contain such elements?

[Ans. : Au and Ag. They are not oxidised at anode. They are less
electropositive than copper.]

27. Write the Chemical reactions taking place in different zones in the blast
furnace for the extraction of iron from its ore.

28. How are impurities separated from bauxite ore to get pure alumina?

29. Why is the reduction of a metal oxide easier if metal formed is in liquid
state at the temperature of reduction?

[Hint : Entropy is more positive when the metal is in liquid state as compared
with solid state, so G becomes more –ve]

30. What is pyrometallurgy? Explain with one example.

[Ans. : A process of reducing a metal oxide by heating with either coke or
some other reducing agent e.g., Al, Mg etc.

ZnO + C 975 k
  Zn + CO]

31. Write the method to produce Copper matte from copper pyrites.

32. Copper can be extracted by hydrometallurgy but not zinc. Explain why?

2+ 2
Zn

E is – ve, E is +ve

  
  
Hint : 

Zn Cu
Cu

33. (a) Which of the following ores can be concentrated by froth floatation
method and why?

Fe2O3, ZnS, Al2O3

(b) What is the role of silica in the metallurgy of Cu?
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SA (II) TYPE QUESTIONS (3 - MARK QUESTIONS)

34. State the principle of refining of metal by the following methods.
(a) Zone refining (b) Electrolytic refining (c) Vapour phase refining.

35. How is pure copper obtained from its chief ore? Write the chemical reactions
occurring during the extraction.

36. Name the method of refining of the following metals –
(a) Hg    (b)   Sn     (c)   Cu     (d)   Ge     (e)   Ni     (f)   Zr

[Ans. : (a) Distillation, (b) Liquation; (c) Electrolytic refining
(d) Zone refining; (e) Mond Process (f) Van Arkel Processl]

37. The native silver forms a water soluble compound (B) with dilute aqueous
solution of NaCN in the presence of a gas (A). The silver metal is obtained
by the addition of a metal (C) to (B) and complex (D) is formed as a
byproduct. Write the structures of (C) and (D) and identify (A) and (B) in
the following sequence –
Ag + NaCN + [A] + H2O  [B] + OH– + Na+.
[C] + [B]  [D] + Ag.

[Ans. : [A] = O2

[B] = Na [Ag(CN)2]
[C] = Zn
[D] = Na2 [Zn (CN)4].
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Unit - 7

Anomalous behaviour of first member of
p-Block Elements

Anomalous behaviour of first element in the p-block elements is attributed to
small size, large (charge/radius) ratio, high ionization enthapy, high electronegativity
and unavailability of d-orbitals in its valance shell.

Consequences :

1.    The first element in p-block element has four valence orbitals i.e. one 2s
and three 2p, Hence maximum covalency of the first element in limited to
four. The other elements of the p-block elements have vacant d-orbitals in
their valence shell, e.g. elements of the third period have nine (9) one 3s,
three 3p and five three 3d orbitals. Hence, these show maximum covalence
greater than four. Following questions can be answered :

(i) Nitrogen (N) does not from pentahalide while P froms PCl5, PF5, and
PF6

–. Why?

(ii) Sulphur (S) forms SF6 but oxygen does not form OF6. Why?

(iii) Though nitrogen forms pentoxide but it does not form pentachloride.
Explain. Why?

(iv) Fluorine forms only one oxoacid while other halogens form a number
of oxoacids. Why?

(2) The first member of p-block elements displays greater ability to from p-
p bond (s) with itself, (e.g., C = C, C  C, N = N, N  N) and with the other
elements of second period for example, C = O, C  N, N = O compared
to the subsequent members of the group.

This is because p-orbitals of the heavier members are so large and diffuse
that they cannot have effective sideways overlapping. Heavier members
can form p


– d


 bonds with oxygen.
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SiH3

Now, the following questions can be explained using the above mentioned
reasoning :

(i) Nitrogen forms N2 but phosphorus forms P4 at room temperature.
Why?

(ii) Oxygen exists as O2 but sulphur as S8. Why?

(iii) Explain why (CH3)3 P = O is known but (CH3)3 N = O is not known.

3. Due to small size and high electronegativity and presence of lone pair(s)
of electrons, elements N, O, F when bonded to hydrogen atom, forms
intermolecular hydrogen bonds which are stronger than other intermolcular
forces. This results in exceptionally high m.p. and b.p. of the compounds
having N–H/O–H/F–H bonds.

Nitrogen rarely forms p–d bonds with heavier elements as in case of
trisilylamine (SiH3)3N.

+
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Shapes of some molecular/ionic species and hybridisation state of
central atom :



69 [XII –  Chemistry]

Twinklegraphics*chemistry-XII 2013*3rd print

Note:Multiple bond is treated as single super pair. A -bond shortens the bond
length without affecting the geometry.

The state of hybridisation of the central atom is determined by sum of bond
pairs and lone pair (s) if present arount the central atom in a molecule/ion.

Isostructural species have same number of bond pairs and lone pairs if present
around the central atom in a molecule/ion. Thus, they have the same geometry/
shape/structure and the same hybridisation scheme. For example,
ICl4

– / XeF4, BrO3
–/XeO3, BH4

–/NH4
+ are the pairs of isostructural species.

F
F

FF

F

Br
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Inert pair effect : Due to poor shielding effect of intervening d and/ or
f–electrons, the effective nuclear charge is increases. This increased nuclear
charge holds the ns2 electrons of heavier elements strongly and the tendency of
ns2 electrons to take part in bonding is more and more restricted down the group.
Consequently, more stable lower oxidation state which is two units less than
higher oxidation state becomes more and more stable than the higher oxidation
state. Following questions can be exptalend with the help of inert pair effect.

(a)   For N and P, + 5 oxidation state is more stable than + 3 oxidation state
but for Bi + 3 oxidation state is more stable than + 5. Explain why?

(b) NaBiO3  is a strong oxidising agent. Why?
(Hint : Bi(V) is least stable).

(c) In group 16, stability of + 6 oxidiation state decreases and the stability
of + 4 oxidation increases down the group. Why?

(d) SO2 acts as reducing agent. Explain why?

(e)   Why is BrO–
4 a stronger oxidising agent than ClO–

4 ?

[Hint : It is because + 7 oxidation state in less stable in BrO4
– due

to which Br – O bond becomes weaker.]

*(f) AsCl5 is less stable than SbCl5.

(g) The stability of highest oxidation state of 4p element is less than
those of 3p and 5p elements of the same group?

Bond Length : Resonance averages bond lengths. The two oxygen–oxygen
bond lengths are identical in the O3 molecule because it is resonance hybrid of
two cannonical forms.

In case of HNO3, two nitrogen–oxygen bonds are identical and smaller than the
third nitrogen–oxygen bond. This is because the third N–OH bond is not involved
in resonance.
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Now the following questions can be expained on the basis of this concept.

(i) In SO2, the two sulphur-oxygen bonds are identical. Explain why?

(ii) In NO3
– ion, all the three N–O bonds are identical. Why?

Bond angle : In regular structures (where no lone pairs are present in the
valence shell of the central atom in a molecule/ion), the bond angle does not
depend upon the size/electronegativity of the central or terminal atoms.

In presence of lone pair(s) on the central atom, the geometry is distorted and the
bond angle in changed.

Comparison of HNH and HPH bond angles
Since N is more electronegative than P, the bonding electron pair of N–H bond
will shift more towards N atom than the bonding electron pair of P–H bond would
shift towards P atom. This results in more bond pair-bond pair repulsion in NH3
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molecule than PH3 molecule. Because of more lp-bp repulsion the N–H are
pushed closer to a lesser extent than in PH3, Consequently, HNH bond angle is
greater than HPH angle.

Now the following questions can be explained using the above mentioned concept.

(i) Bond angle in PH4
+ ion is higher than in PH3. Why?

(ii) H–O–H bond in H2O in greater than H–S–H angle in H2S. Why?

(iii) Cl–P–Cl bond angle in PCl3 (100°) is less than F–N–F bond angle in NF3
(102°). Explain why?

(iv) Bond angle in OF2 (105°) molecule is less than in OCl2 (110°). Why?

Boiling and melting points of hydrides depends upon the molar mass (or surface
area) of molecules. More the molar mass, the higher is the m.p. and b.p. Hydrides
forming intermolecular hydrogen bonds have exceptionally high m.p. and b.p.
since intermolecular hydrogen bonds are stronger than the van der Waals forces.

Increasing order of melting point and boiling point of hybrides is as given below:

PH3 < AsH3 < SbH3 < NH3 ; Melting point

PH3 < AsH3 < NH3 < SbH3 ; Boiling point

H2S < H2Se < H2Te < H2O ; Melting point and Boiling point

HCl < HBr < HI < HF ; Boiling point

HCl < HBr < HF < HI ; Melting point

Thermal stability, reducing power and acid strength of hydrides depend
upon bond dissociation enthalpy of E - H bond (E = group 15, group 16, and
group 17 element). Due to the increase in size down the group, bond dissociation
enthalpy of E - H bond decreases. Consequently, thermal stability, reducing
power and acid strength of hydrides increases down the group.

The following questions can be explained using the above concepts.

Explain why :

(i) NH3 has higher boiling point than PH3.

(ii) H2O is liquid and H2S is gas or H2S is more volatile than H2O.
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(iii) HF is weaker acid than HCl.

(iv) Among hydrogen halides, HI is the strongest reducing agent.

(v) H2Te is more acidic than H2S.

 (vi)   NH3 is mild oxireducing agent while BiH3 is the strongest reducing agent
among the group-15 hydrides.

 (vii)   H2S is weaker reducing agent than H2Te.

Basic nature of hydrides EH3 of group 15 elements

All the hydrides EH3 of group 15 elements has one lone pair of electrons. In
ammonia, the lone pair of electrons is present in sp3 hybrid orbital of the N-atom.
The sp3 hybrid orbital is directional and further N is more electronegtive than H,
the bond pair of N - H is shifted towards N atom which further increases the
electron density on N atom. In PH3, the lone pair of electrons is present in large
and more diffuse 3s orbital which is non-directional. As a result PH3 is less basic
than NH3 and basic character decreases down the group. NH3 donates electron
pair more readily than PH3. (SiH3)3N has less Lewis basic nature than that of
(CH3)3N because lone pair of electrons in p - orbital of N atom in (SiH3)3N is
transferred to the vacant d - orbital of Si atom forming d – p fond.

COVALENT/IONIC CHARACTER OF HALIDES
Pentahalides are more covalent than trihalides since the element (E) in higher
oxidation state (+ 5) in pentahalides has more polarising power than element (E)
in lower oxidation state (+ 3) in trihalides, Similarly SnCl4, PbCl4, SbCl5 and UF6
are more covalent than SnCl2, PbCl2, SbCl3 and UF4 respectively. Compounds
having more ionic character have more m.p. and b.p. than the compounds having
more covalent character.

Following questions can be explained by using this concept. Explain why :

(i) SnCl2 has more b.p. than SnCl4.

(ii) SbCl5 is more covalent than SbCl3.

(iii) PCl5 has lower boiling point than that of PCl3.

Oxoacids of N, P and halogens :

Strength of oxoacids depends upon the polarity of O–H bond which in turn,
depends on the electron withdrawing power (or electronegativity) of the element E.
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Strength of oxoacids increases if the number of oxygen atoms bonded with E
increases.

Strength of oxoacids of halogens in the same oxidation state depends on the
electronegativity of the halogen. The more the electrongeativeity, stronger is the
oxoacid.

Stength of oxoacid of a halogen in different oxidation state increases with the
increase in oxidation state. This is because the stabilisation of the oxoanion
increases with the number of the oxygen atoms bonded to the halogen atom.
More the number of oxygen atoms, the more the dispersal of –ve charge present
on the oxoanion and stronger will be the oxoacid.

O O
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Oxidising power of halogens :

–  Hhyd


eg

The more negative the value of rH
 = 

1
2 diss H

 – eg H
 – hyd H

, the higher

will be oxidising property of the halogen and more positive will be standard
reduction potential E

red of the halogen.

Following questions can be explained on the basis of parameters, like diss H,
egH and hyd H.

(i) Why does F2 have exceptionally low bond dissociation enthaply?

(ii) Although electron gain entharpy of fluorine(F) is less negative as compared
to chlorine (Cl), Flunorine gas (F2) is a stronger oxidising agent than Cl2
gas. Why?
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VSA QUESTIONS (1 - MARK QUESTIONS)

GROUP 15 ELEMENTS

1. In group 15 elements, there is considerable increase in covalent radius
from N to P but small increase from As to Bi. Why?

[Hint : Due to completely filled d- and / or f-orbitals in As, Sb and Bi].

2. The tendency to exhibit – 3 oxidation state, decreases down the group 15
elements. Explain. Why?

[Hint : Decrease in electronegativity down the group].

3. Maximum covalence of nitrogen is ‘4’ but the heavier elements of group 15
show covalence greater than ‘4’. Why?

4. Nitrogen exists as a diatomic molecule with a triple bond between the two
atoms whereas the heavier elements of the group 15 do not exist as E2 at
room temperature. Assign a reason.

[Hint : p

 – p


 multiple bonds are formed by N due to its small size.]

5. The ionization enthalpies of group 15 elements are higher than those of
corresponding members of group 14 and 16 elements. Explain why?

6. The boiling point of PH3 is lesser than NH3. Why?

7. NO2 dimerises to form N2O4. Why?

[Hint : Due to the presence of odd electron on N in NO2]

8. Draw the structure of N2O5 molecule.

9. How does ammonia solution react with Ag + (aq)? Write the balanced
chemical equation.

10. Why does NH3 form intermolecular hydrogen bonds whereas PH3 does
not?

[Hint : Due to high electronegativity, small size of nitrogen atom and
presence of lone pair of electrons on N atom]

11. Write disproportionation reaction of H3PO3?

12. How does NH3 acts as a complexing agent.

[Hint : Ammonia acts as a Lewis base therefore, it can donate a pair of
electrons to central metal atom or ion.

13. Write the reaction of PCl5 with heavy water.

[Hint : PCl5 + D2O  POCl3 + 2DCl].
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14. “Hypophosphorus acid is a good reducing agent.” Justify with an example.

[Hint : 4AgNO3 + H3PO2 + 2H2O  4Ag + 4HNO3 + H3PO4.

15. Draw the structure of H4P2O7 and find out its basicity?

16. Arrange the following triatomic species in the order of increasing bond
angle.

NO2, NO2
+, NO2

–

[Hint : ; ;

NO2 has one non-bonding electron, NO2
– has two non-bonding electrons,

NO2
+ has no non-bonding electron on N atom. Bond angle of NO

+
 2 is

maximum and that of NO2
– minimum].

17. Why is Bi(V) a stronger oxidant than Sb(V)?

[Hint : +3 oxidation state is more stable than +5 oxidation state in Bi].

18. How many P – O – P bonds are there in cyclotrimetaphosphoric acid?

SA (I) TYPE QUESTIONS (2 - MARK QUESTIONS)

Complete the following reactions :

1. (i) (NH4)2 Cr2O7 
heat



(ii) NH4Cl (aq) + NaNO2 (aq) 

2. (i) NH2CONH2 + H2O 

(ii) FeCl3 (aq) + NH4OH (aq) 

3. (i) Ca3 P2 + H2 O (l) 

(ii) I2 + HNO3 (conc.) 
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4. (i) Ba(N3)2 
heat



(ii) 4H3PO3 
heat



5. (i) PH4I + KOH 

(ii) HgCl2 + PH3 

6. (i) PCl3 + 3H2O 

(ii) PCl5 + H2O 

7. (i) NO3
– + Fe2+ + H+ 

(ii) Zn + HNO3 (dil) 

8. (i) Zn + HNO3 (conc) 

(ii) P4 + HNO3 (conc) 

9. (i) NH3 + O2 
Pt Rh

500K, 9 bar

(ii) P4 + NaOH + H2O 

10. (i) P4 + SOCl2 

(ii) P4 + SO2Cl2 

11. (i) Cu + HNO3 
     (dil)

(ii) Pb(NO3)2 
673K
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12. (i) NH3 (Excess) + Cl2 

(ii) NH3 + Cl2 (Excess) 

13. (i) P4 + HNO3 (conc.) 

(ii) Cu + HNO3 (conc.) 

14. Why is red phosphorus denser and less chemically reactive than white
phosphorus?

15. Give chemical reaction in support of the statement that all the bonds in
PCl5 molecule are not equivalent.

16. Complete following disproportionation reactions.

(a) P4 + NaOH + H2O 

(b) H3PO3 
H+



17. Arrange the following trichlorides in decreasing order of bond angle :
NCl3, PCl3, AsCl3, SbCl3

18. Arrange the following in the decreasing order of their basicity. Assign the
reason :

PH3, NH3, SbH3, AsH3, BiH3.

19. Write the conditions that favour the formation of ammonia gas along with
the reactions involved in Haber’s Process.

20. (i) What is the covalency of N in N2O5?

(ii) Explain why phosphorus forms pentachloride whereas nitrogen and
bismuth do not?

21. (i) The acidic character of hydrides of group 15 increases from NH3 to
SbH3, Why?

(ii) Phosphorus show marked tendency for catenation. Why?
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SA (II) TYPE QUESTIONS (3 - MARK QUESTIONS)

1. (i) How is HNO3 prepared commercially?

(ii) Write chemical equations of the reactions involved.

(iii) What concentration by mass of HNO3 can be obtained?

2. An unknown salt X reacts with hot conc. H2SO4 to produce a brown coloured
gas which intensifies on addition on copper turnings. On adding dilute
ferrous sulphate solution to an aqueous solution of X and then carefully
adding conc. H2SO4 along the sides of the test tube, a brown complex Y
is formed at the interface between the solution and H2SO4. Identify X and
Y and write the chemical equation involved in the reaction.

[Hint : X is NO3
– salt].

3. A transluscent white waxy solid (A) on heating in an inert atmosphere is
converted to its allotropic form (B). Allotrope (A) on reaction with very dilute
aqueous NaOH liberates a highly poisonous gas (C) having a rotten fish
smell. (A) with excess of chlorine forms D which hydrolyses to form
compound (E). Identify the compounds (A) to (E).

A : White phosphorus, B : Red phosphorus, C : PH3, D : PCl5, E : H3PO4

4. Assign the appropriate reason for the following:

(a) Nitrogen exists as diatomic molecule and phorphorous as P4 at room
temperature. Why?

(b) Why does R3P = 0 exist but R3N = 0 does not ? (R = an alkyl group).

(c) Why is N2 unreactive at room temperature?

[Hint :

(a) Due to its small size and high electronegativity, N forms p – p
multiple bond (N   N). whereas P does not form p


 – p


 bonds but

forms P – P single bond.

(b) In R3N = 0, N should have a covalence of 5 so the compound
R3N = 0 does not exist since maximum covalence shown by N
cannot exceed 4.

5. Write balanced equation for the following reactions :

(a) Zn is treated with dilute HNO3.

(b) copper metal with conc. HNO3.

(c) Iodine is treated with conc. HNO3.
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GROUP 16 ELEMENTS

[VSA QUESTIONS (1-MARK QUESTIONS OF GROUP-16)

1. Explain, why SF4 is easily hydrolysed, whereas SF6 is resistant to hydrolysis?

[Hint : Water molecule can not attack ‘S‘ atom due to steric hinderance
and ‘S’ atom is also coordinately saturated in SF6 molecule.]

2. In group 16, the stability of +6 oxidation state decreases and that of +4
oxidation state increases down the group. Why?

3 . Draw the structure of H2S2O8 and find the number of S–S bond if any.

4. Which one of the following is not oxidised by O3. State the reason.

Kl, FeSO4, K2MnO4, KMnO4

[Hint. : KMnO4, since Mn is showing maximum oxidation state of +7.]

5. Dioxygen O2 is a gas while sulphur (S8) is a solid. Why?

6. Thermal stability of hydrides of group 16 elements decreases down the
group. Why?

7. Why does oxygen not show on oxidation state of +4 and +6.

8. Why dioxygen (O2) is a gas but sulphur (S8) is a solid?

9. In the preparation of H2SO4 by contact process, why is SO3 not absorbed
directly in water to form H2SO4?

10. Ka2 << Ka1 for H2SO4 in water, why?

SA(I) TYPE QUESTIONS (2-MARK QUESTIONS) OF GROUP 16

1. Write the chemical euations of the following reactions

(a) Glucose in heated with conc. H2SO4.

(b) Sodium nitrate is heated with conc. H2SO4.

2. Complete the following reactions :

(i) PbS + O3 

(ii) Kl + H2O + O3 

3. (i) MnO4
– + SO2 + H2O 

(ii) S8 + H2SO4 (conc.)  
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4. Explain why?

(i) Bond dissociation energy of fluorine is less than that of chlorine.

(ii) Two S–O bonds is SO2 are identical.

5. (i) SF6 is inert and stable but SF4 is reactive.

(ii) Sulphur has greater tendency for catenation than oxygen.

6. How is O3 estimated quantitatively?

7. Explain why O3 is thermodynamically less stable than O2?

SA(II) QUESTIONS (3 MARK QUESTIONS) OF GROUP 16

1. (i) How does O3 react with lead sulphide? Write chemical equation.

(ii) What happens when SO2 is passed in acidified KMnO4 solution?

(iii) SO2 behaves with lime water similar to CO2.

2. Assign reason for the following :

(i) Sulphur in vapour state exhibits paramagnetism.

(ii) H2O is less acidic than H2Te.

(iii) In spite of having same electronegativity, oxygen forms hydrogen
bond while chlorine does not.

3. Write contact process for the manufacture of king of chemicals.

4. Complete the reactions :

1. CaF2 + H2SO4 (conc.)  

2. C12H22O11 + H2SO4 (conc.) 


3. SO2 + MnO4
– + H2O 

5. An amorphous solid ‘‘A’’ burns in air to form a gas ‘B’ which turns lime
water milky. The gas is also produced as a by-product during roasting of
sulphide ore. This gas decolourises acidified aq.KMnO4 solution. Identify
the solid ‘A’ and the gas ‘B’ and write the reaction involved.

[Hint : A = S8; B = SO2 (g)]
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GROUP 17 ELEMENTS

VSA QUESTIONS (1 – MARK QUESTIONS)

1. Explain why fluorine forms only one oxoacid, HOF.

[Hint : because of unavailability of d orbitals in its valence shell.]

2. Why HF is the weakest acid and HI is the strongest.

[Hint : Ka (HF) = 7 × 10–4 Ka (HI) = 7 × 1011

Intermolecular H-bonds in H–F and high bond dissociation enthalpy of H–F
makes it weakest and weak bond in H–I makes it strongest.

3. Explain why halogens are strong oxidising agents.

[Hint : Ready acceptance of electron due to more negative eletron gain
enthalpies.]

4. With what neutral molecule ClO– is isoelectronic?

5. Bond dissociation enthalpy of F2 is less than that of Cl2. Explain why?

6. What is cause of bleaching action of chlorine water? Explain it with chemical
equation?

[Hint : Formation of nascent oxygen]

7. Electron gain enthalpy of fluorine (F) is more negative than that of
chlorine (Cl).

[Hint. : Due to small size of F atom, there are strong interelectronic
repulsions in the relatively smaller 2p orbitals of fluorine. So the incoming
electron does experience less attraction than in Cl].

8. Why can’t we prepare HBr by heating KBr with sulphuric acid.

[Hint : As HBr readily reduces H2SO4 forming Br2]

9. Fluorine exhibit only –1 oxidation state whereas other halogens exhibit +ve
oxidation states also. Explain why?

10. Arrange the following oxoacids of chlorine in increasing order of acid strength :

HOCl, HOClO, HOClO3, HOClO3

11. What happens when NaCl is heated with H2SO4 in the presence of MnO2.

SA(I) TYPE QUESTIONS (2-MARK QUESTIONS) OF GROUP 17
1. (i) Interhalogen compounds are more reactive than halogens except F2.

Why?
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(ii) Give one important use of ClF3.

2. (i) Write the composition of bleaching powder.

(ii) What happens when NaCl is heated with conc. H2SO4 in the presence
of MnO2. Write the chemical equation.

3. A colourless pungent smelling gas, which easily liquifies to a colourless
liquid and freezes to a white crystalline solid, gives dense white fumes with
ammonia. Identify the gas and write the chemical equation for its laboratory
preparation. [Hint : HCl]

4. Which fluorinating agent are oftenly used instead of F2? Write two chemical
equations showing their use as fluorinating agents.

[Hint : U(s) + 3ClF3(l)  UF6(g) + 3ClF(g)

5. Compare the oxidising powers of F2 and Cl2 on the basis of bond
dissociation enthalpy, electron gain ethalpy of hologens and hydration
enthalpy of halide ions.

Complete the following reqctions.

6. (i) Al2O3(s) + NaOH (aq) + H2O(l) 

(ii) HCl + O2  2
CuCl



7. (i) Ca(OH)2 + Cl2 

(ii) N2 (Excess) + Cl2 

8. (i) Na2SO3 + Cl2 + H2O 

(ii) N2 + Cl2 (Excess) 

9. (i) Cl2 + NaOH (cold and dil) 

(ii) Cl2 + NaOH (hot & conc) 
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10. (i) Fe + HCl 

(ii) Cl2 + F2 (Excess) 

11. (i) U + ClF3 

(ii) FeSO4 + H2SO4 + Cl2 

SA(II) TYPES QUESTIONS (3 MARK QUESTIONS).

1. Give appropriate reason for each of the following :

(i) Metal fluorides are more ionic than metal chlorides.

(ii) Perchloric acid is stronger than sulphuric acid.

*(iii) Addition of chlorine to KI solution gives it a brown colour but excess
of Cl2 makes it colourless.

[Hint :

(i) According to Fajan’s Rule, bigger ions more are polarised than the
smaller ion by a particular cation.

(ii) ClO4
– is more resonance stabilised than SO4

2– since dispersal of
negative charnge is more effective in ClO4

– as compared with SO4
2–

(iii) 2KI + Cl2  2KCl + I2

5Cl2 (Excess) + I2 + 6H2O  2HIO3 + 10 HCl
(Colourless)

2. X2 is a greenish yellow gas with pungent offensive smell used in purification
of water. It partially dissolves in H2O to give a solution which turns blue
litmus red. When X2 is passed through NaBr Solution, Br2 is obtained.

(a) Identify X2, name the group to which it belongs.

(b) What are the products obtained when X2 reacts with H2O? Write
chemical equation.

(c) What happens when X2 reacts with hot and conc. NaOH? Give
equation.
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3. Arrange the following in the order of the property indicated for each set :

(a) F2, Cl2, Br2, I2 (Increasing bond dissociation energy).

(b) HF, HCl, HBr, HI (decreasing acid strength).

(c) NH3, PH3, ASH3, SbH3, BiH3 (decreasing base strength).

[Hint :

(a) F2 has exceptionally low bond dissociation enthalpy. Lone pairs in F2
molecule are much closer to each other than in Cl2 molecule. Stronger
electron–electron repulsions among the lone pairs in F2 molecule
make its bond dissociation enthalpy exceptionally low.

(b) Acid strength depends upon H–X bond dissociation enthalpy. As the
size of ‘X’ atom increases, bond dissociation enthalpy of H–X
decreases.

(c) Electron availability on the central atom ‘E’ in EH3 decreases down
the group.

GROUP 18 ELEMENTS

SA(I) TYPE QUESTIONS (2–MARK QUESTIONS) OF GROUP-18

1. Suggest reason why only known binary compounds of noble gases are
fluorides and oxides of Xenon and to a lesser extent of Kryton.

[Hint : F and O are most electronegative elements. Kr and Xe both have
low lonisation enthalpies as compared to He and Ne.]

2. (a) Hydrolysis of XeF6 is not regarded as a redox reaction. Why?

*(b) Write a chemical equation to represent the oxidising nature of XeF4.

[Hint : (b) XeF4 + 2H2  Xe + 4HF)]

3. Write Chemical equation when :

(a) XeF2 is hydrolysed

(b) PtF6 and Xenon are mixed together.

4. Complete the reactions :

(i) XeF6 + H2O 
Complete
hydrolysis

(ii) XeF6 + H2O 
Partial

hydrolysis
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5. Draw the structures of BrF3, XeOF4, XeO3 using VSEPR theory.

6. Account for the following :

(a) XeF2 has linear structure and not a bent structure.

(b) The majority of known noble gas compounds are those of Xenon.
Why? (Hint : Xe has low ionization enthalpy as compared to other
noble gases)

7. Write Chemical reactions :

(a) XeF2(s) + H2O(l) 

(b) XeF4 + O2F2 
143 K



SA(II) TYPE QUESTIONS (3-MARK QUESTIONS) OF GROUP-18

1. Assign reason to the following :

(i) Noble gases have large positive values of electron gain enthalpy.

(ii) Helium is used by scuba divers.

(iii) No chemical compound of helium is known.

2. (i) How is XeO3 prepared from XeF6? Write the chemical equation for
the reaction.

(ii) Draw the structure of XeF4.

3. Draw the structure of

(i) XeOF4

(ii) XeF6

(iii) XeO3

4. Complete the reactions :

(i) XeF2 + NaF 

(ii) XeF4 + SbF5 

(iii) XeF4 + H2O 

5. Give the formula and describe the structure of noble gas species which is
isostructural with
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(i) ICl4
–

(ii) IBr2
–

(iii) BrO3
–

LONG ANSWER TYPE QUESTIONS (5 - MARK QUESTIONS)

1. How is PH3 prepared in the laboratory? How is it purified? How does the
solution of PH3 in water react on irradiation with light and on absorption in
CuSO4? How can you prove that PH3 is basic in nature?

Write the chemical equations for all the reactions involved.

2. Identify A, B, C, D and E in the following sequence of reactions

Complete the reactions of the above mentioned sequence.

[Hint : A is P4].

3. A white waxy translucent solid, M, insoluble in water but soluble in CS2
glows in dark. M dissolves in NaOH in an inert atmosphere giving a
poisonous gas (N). Also M catches fire to give dense white fumes of Q :

(a) Identify M, N and Q and write the chemical equations of the reactions
involved.

(b) ‘M’ exists in the form of discrete tetrahedral molecules. Draw its
structure.

(c) ‘M’ on heating at 573 K is changed into other less reactive form,
Q, which is non-poisonous, insoluble in water as well as in CS2 and
does not glow in dark, Identify Q and draw its structure.

4. Write the structure of A, B, C, D and E in the following sequence of
reactions :
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Complete reactions of the above mentioned sequence and name the
process by which ‘C’ is obtained.

[Hint. : A is NO and Ostwald process for the manufacture of HNO3].

5. Assign a possible reason for the following :

(a) Stability of +5 oxidation state decreases and that of +3 oxidation
state increases down the group 15 elements.

(b) H2O is less acidic than H2S.

(c) SF6 is inert while SF4 is highly reactive towards hydrolysis.

(d) H3PO2 and H3PO3 act as reducing agents while H3PO4 does not.

(e) Helium gas is used by scuba divers.

6. (a) How is XeF6 prepared from the XeF4? Write the chemical equation
for the reaction.

(b) Deduce the structure of XeF6 using VSEPR theory.

(c) How does XeF2 reacts with PF5?

(d) Give one use each of helium and neon.

(e) Write the chemical equation for the hydrolysis of XeF4.

7. (a) Why does nitrogen show anomalous behaviour? Discuss the trend
of chemical reactivity of group 15 elements with.

(a) oxygen (b)    halogens (c)   metals

(b) H3PO3 is a dibasic acid. Why?

8. (a) Arrange the following in the order of their increasing acid strength.

(a) Cl2O7, SO2, P4O10
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(b) How is N2O gas prepared? And draw its structure.

(c) Give one chemical reaction to show O3 is an oxidising agent.

9. Give reason for each of the following :

(a) NH3 is more basic than PH3.

(b) Ammonia is a good complexing agent.

(c) Bleaching by SO2 is temporary.

(d) PCl5 is ionic in solid state.

(e) Sulphur in vapour state exhibits paramagnetism.

10. Knowing the electrons gain enthalpy value for O  O– and O–  O2– as
–141 and 720 kJ mol–1 respectively, how can you account for the formation
of large number of oxides having O2– species and not O–?

[Hint : Latlice enthalpy of formation of oxides having O 2– more than
compensates the second egH of oxygen.
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Unit - 8

d–and f–BLOCK ELEMENTS

Electronic Configuration of Transition Metals/Ions
The d-block element is called transition metal if it has partly filled

d-orbitals in the ground state as well as in its oxidised state.

The general electronic configuration of transition metal is (n–1) d1–10ns1–2.
Exceptions in electronic configuration are due to (a) very little engery difference
between (n–1) d and ns orbitals and (b) extra stability of half filled and completely
filled orbitals in case of Cr and Cu in 3d series.

Cr : Is2 2s2 2p6, 3s2 3p6 4s1 3d5

Cu : Is2 2s2 2p6, 3s2 3p6 4s1 3d10

To write the electronic configuration of Mn+, the electrons are first removed
from ns orbital and then from (n - 1) d orbitals of neutral atom (if required). For
example, the electronic configuration of Cu+, Cu2+ and Cr3+ are respectively 3d10

4s°, 3d9 4s° and 3d3 4s°.

The following questions can be answered with the help of above.
(i) Scandium (Z = 21) is a transition element but zinc (Z = 30) is not.
(ii) Copper (Z = 29) and silver (Z = 47) both have fully filled d-orbitals

i.e., (n - 1) d10. why are these elements regarded as transition
elements?

(iii)   Which of the d-block elements are not regarded as transition
elements?

UNDERSTANDING fus H vap H AND a H

In transition metals unpaired (n - l)d electrons as well as ns electrons take
part in interatomic bonding. Larger the number of unpaired (n - 1) d electrons, the
stronger is the interatomic bonding and large amount of energy is required to
overcome the interatomic interaction.

M(s) 
 Hfus


  M(l)
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M(l) 
 Hvap


  M(vapour)

M(s) 
 Ha


  M(g)

These enthalpies are related as
fus H < vap H < a H

The following questions can be explained using the above reasoning.

(i) Which has higher m.p. V (Z = 23) or Cr (Z = 24) ?

(ii) Explain why Fe (Z = 26) has higher m.p. than Co (Z = 27).

Metals of second (4d) and third (5d) transition series have greater
enthalpies of atomisation than corresponding elements of first transition series
on account of more frequent metal metal bonding due to greater spatial
extension of 4d and 5d orbitals than 3d orbitals.

LANTHANOID CONTRACTION AND ITS CONSEQUENCE
The 4f orbitals screen the nuclear .charge less effectively because they

are large and diffused. The filling of 4f orbitals before 5d orbitals results in the
gradual increase in effective nuclear charge resulting in a regular decrease in
atomic and ionic radii. This phenomenon is called lanthanoid contraction. The
corresponding members of second and third transition series have similar radii
because the normal size increase down the group of d-block elements almost
exactly balanced by the lanthanoid contraction.

This reasoning is applied in answering the following questions.

(i) Elements in the’following pairs have identical (similar) radii : Zr/Hf, Nb/Ta
and Mo/W. Explain why?

(ii) Why do Zr and Hf have very similar physical and chemical properties and
occur together in the same mineral?

VARIATION IN IONISATION ENTHALPY
With the filling of (n - 1) d orbitals, effective nuclear charge increases

resulting in the increase in first ionisation enthalpy. There are some irregular
variations.

The first ionisation enthalpy of chromium is lower because the removal
of one electron produces extra stable d5 configuration and that of zinc is higher
because the removal of electron takes place from fully filled 4s orbital.
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Second ionization enthalpy of Zn (
i
H2 = 1734 kJ/mol) is lower than

second ionization enthalpy of Cu (1958 kJ/mol). This is because removal of
second electron in Zn produces stable d10 configuration while the removal of
second electron in Cu disrupts the d10 configuration with a considerable loss
in exchange energy to from less stable d9 configuration.

Cr = 3d5 4s1

Zn = 3d10 4s2; Zn2+ = 3d10

Cu = 3d10 4s1; Cu2+ = 3d9

Now the following questions can be accounted for :

(i) Why is second ionization enthalphy of Cr (Z = 24) more than that
Mn (Z = 25) (Hint. Cr+ (d5  d4), Mn+ (3d5 4s1  3d5).

(ii) Which has more second ionisation enthalpy Cu (Z = 29) or
Zn (Z = 30)?

(Hint. Cu+ (d10  d9), Zn+ (3d10 4s1  3d10).

[iii) Second ionization enthalpy of Mn (Z = 25) is less than that of
Fe (Z=26) but third ionisation enthalpy of Mn is more than that of Fe. Why?

Hint : Mn+ (3d5 4s1  3d5) Fe+ (3d6 4s1  3d6)

Mn2+ (3d5  3d4) Fe2+ (3d6  3d5)

Relationship between E
red and stability of various oxidation states.

Transition metals show variable oxidation states due to incompletely filled
d-orbitals. These variable oxidation states differ from each other by unity, e.g.,
Mn (II), Mn (III), Mn (IV), Mn (V), Mn (VI) and M (VII). Scandium is the only
transition element which exclusively shows the oxidation state of +3. Cu is the
only element of 3d transition series which shows +1 O.S. in addition to +2 O.S.

Standard Electrode potential E

M
2+/M

 can be calculated from the follwoing
parameters :

The reducing property of a transition metal will be higher if rH
 has a

large negative value which is possible if hyd Hmore than compensates
(a H + 

i
 H1

 + 
i H2

).
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+ Ha


More negative the r H
, the more positive will be standard oxidation

potential and hence, more negative will be standrd reduction potential. 2+Cu
Cu

E

positive because (
i
 H1 + 

i
 H2) i.e., energy required to produce

Cu2+ is not balanced by hyd H of Cu2+.

Since the sum of 
i
 H1 and 

i H2 generally increases with the increase

in the atomic number of the transition metal, therefore 2+
M M

E value becomes
less and less negative.

2+
M M

E values for Mn, Zn and Ni are more negative than expected trend. This is

because 
i
 H2 for Mn and Zn produces stable d5 configuration (Mn2+) and d10

configuration (Zn2+) are produced and therefore requirement of energy is less.

whereas 2+Ni Ni
E

 is more negative due to highest negative hyd H which
is – 2121 kj/mol for Ni2+.

Example : Why is E value for Mn3+ / Mn2+ couple much more positive
than for Cr3+ / Cr2+ or Fe3+ / Fe2+.

Solution : Mn2+ (d5)   Mn3+ (d4)

has much larger third ionisation energy due to disruption of extrastability
of half filled d5 configuration.

Cr2+ (d4)   Cr3+ (d3)

Cr3+ has half-filled t2g level. Hence Cr2+ is oxidised easily to stable Cr3+

ion. Hence E value is compartively less.

Fe2+ (d6)   Fe3+ (d5)
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Comparatively low value of E is also due to extra stability of d5

configuration of Fe3+.

Example : Which is stronger reducing agent Cr2+ or Fe2+ and why?

Solution : Cr2+ (d4)   Cr3+ (d3 or half-filled t32g

In water medium [Cr (H2O)6]
3+ has more CFSE than [Fe (H2O)6]

3+. Hence
Cr2+ in a stronger reducing agent.

Stability of Higher Oxidation States :
Higher oxidation states are shown by transition metals in fluorides, oxides,

oxocations and oxoanions. The ability of fluorine to stablise the higher oxidation
state is due to either higher lattice energy as in case of ionic CoF3 or higher
bond enthalpy terms for higher covalent compounds, e.g., VF 5 and CrF6.

Transition metals show highest oxidation state in oxides and oxocations
and oxoanions, e.g., VO4

+ and VO4
–. The ability of oxygen to stabilise these high

oxidation states exceeds that of fluorine due to the ability of oxygen to form
multiple bonds to metals.

The following questions can be explained using the above concepts :

(i) All Cu (II) halides are known except the iodides. Why?

[Hint : 2Cu2+ + 4I–   Cu2I2 + I2]

(ii) Why do Cu (I) compounds undergo disproportionation in water?

[Hint : hyd H of Cu2+ more than compensates the 1 H2 of copper]

(iii) Highest fluoride of Mn is MnF4 but the highest oxide is Mn2O7.

(iv) E values of 3d series varies irregularly.

(v) Why is Cr2+ reducing and Mn3+ oxidising although both have d4 configuration?

[Hint : Cr2+ (d4)   Cr2+ (t32g; half filled t2g level)

Mn3+ (d4) + e–   Mn2+ (d5; half filled d-level)

(vi) Why is highest oxidation state shown in oxocations and oxoanions?

Properties of Transition Elements
Transition matals with partly filled d-orbitals exhibit certain characterstic

properties. For example, they display a variety of oxidtion states, form coloured
ions and enter into complexe formation. Transition metals and their compounds
exhibit catalytic properties and are generally paramagnetic in nature.



96 [XII –  Chemistry]

Twinklegraphics*chemistry-XII 2013*3rd print

Crystal Field Theory

Calculation of CFSE : Each electron occupying t2g orbital results in the lowering
of energy by – 0.40 0 and each electron occupying the eg orbital increases
the energy by + 0.60 0. If x is the no. of electrons occupying t2g orbitals and
‘y’ is the no. of electrons occupying the e g orbitals, then CFSE is given by

CFSE = (0.60 0y –0.40 0 x)

Formation of Coloured Ions : Degeneracy of d-orbitals is lifted in presence
of the field of ligands approaching the central metal ion. For example, in the
octahedral crystal field of ligands, the d-orbitals are split into two sets of d-
orbitals (i) t2g orbitals of lower energy : these are dxy dyz, dxz and (ii) eg orbitals
of higher energy : these are d x2–y2 and dz2.

When visible light is incident on the octahedral transition metal complex, an
electron is excited from t2g level to eg level. During this d-d transition, a
characteristic wave length of visible light is absorbed and therefore transmitted
light appears coloured. The colour of complex is complementry to the colour
absorbed by the transition metal complex.
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No d-d transition occurs if d-orbitals are empty or fully filled and therefore, such
ions may be colourless.

Exceptions : AgBr, Agl, have fully filled d-orbitals but are coloured due to
transference of electron cloud from Br– or I– to Ag+ (d10) when white light is
incident on AgBr / Agl. During this process, characteristic wave length of visible
light is absorbed. Similarly MnO4

– (purple), CrO4
2– (yellow) and Cr2O7

2– (orange)
are coloured due to charge transfer from oxide ions to the central metal ions
although they have no d-electrons.

Comparision of oxidising powers of KMnO4 and K2Cr2O7

MnO2
– + 2H2O + 3e–   Mn2 + 4OH– E = + 1.69 V

MnO4
– + 8H+ + 5e–   Mn2+ + 4H2O E = + 1.52 V

Cr2O7
2– + 14H+ + 6e–   2Cr3+ + 7H2O E = + 1.33 V

Electrode potential values shows that acidified KMnO4 is a stronger
oxidising agent than acidified K2Cr2O7. But KMnO4 in faint alkaline medium is
a stronger oxidising agent than acidified KMnO 4.

For example, KMnO4 oxidises KI to I2 in acidic medium but to KIO 3 in
alkaline medium.

(a) MnO4
– + 8H+ + 5e–  Mn2+ + 4H2O]  2

2I–  I2 + 2e–]  2

Overall : 2Mn4
– + 10 I– + 16 H+  2Mn2+ + 8H2O + 5I2

(b) MnO4
– + 2H2O + 3e–  MnO2 + 4OH–]  2

I– + 6 OH–  IO3
– + 3H2O + 6e–

Overall : 2MnO4
– + H2O + I–  2MnO2 + IO3

– + 2OH–

Following reactions involving the oxidising action of KMnO4 and K2Cr2O7
may be written in the above shown manner :

(i) How do acidified KMnO4 and acidified K2Cr2O7 reacts separately with (a)
SO2, (b) H2S (c) FeSO4?
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(ii) Write the ionic equations of acidified KMnO4 with (a) oxalate ion (b) Mohr
salt (c) NO2

– and (d) Iron (II) oxalate.

[Hint : (d) Both Fe2+ and C2O4
2– are oxidised to Fe3+ and CO2 respectively.]

Oxidation States of Lanthanoids and Actinoids

The most common and most stable oxidation state of lanthanoids is +3. They
also show oxidation states of +2, and +4 if the corresponding lanthanoid ions
have extra stable 4f0, 4f7 and 4f14 configuration.

Ce4+ + e–   Ce3+, + 3 more stable O.S. than + 4

Tb2+ + e–   Tb3+, + 3 more stable O.S. than + 4

Hence Ce4+ and Tb4+ are strong oxidants.

Eu2+   Eu3+ + e–, +3 more stable O.S. than +2

Yb2+   Yb3+ + e–, + 3 more stable O.S. than + 2

Hence, both Eu2+ and Yb2+ act as strong reducing agents.

Actinoids also show most common O.S. of + 3 but it is not always
most stable. Actinoids also show higher oxidation states, e.g., Th (+4), Pa
(+5), U (+ 6) and Np (+ 7).

Example : La (5d16s2), Gd (4f75d16s2) and Lu (4f14 5d16s2) have abnormally
low third ionisation enthalpies. Why?

Solution : La3+, Gd3+ and Lu3+ have stable configurations 4f0, 4f7 and 4f14

respectively.

Answer the following question :

(i) Name the two members of lanthanoid series which show + 2 oxidation
state

(ii) Name the lanthanoid element which shows +4 O.S.

Participation of 5f electrons of actinoids in bonding.

5f orbitals in actinoids are not as burried as 4f orbials in lanthanoids and hence
5f electrons can participate in bonding to a far greater extent.
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There in a gradual decrease in the size of atoms or M3+ ions across the actionoid
series. Since 5f orbitals are larger and more diffuse than 4f orbitals, their
penetration towards the inner core of electrons is less than the penetration of
4f elecrons. Hence, 5f electrons screen the nuclear charge less effectively than
4f electrons in lanthanoids. Consequently, effective nuclear charge in actinoids
increases at faster rate as compared with lanthanoids. Hence, actinoid
contraction from element to element is more than the lanthanoid contraction.

VERY SHORT ANSWER TYPE QUESTIONS

(1 - MARK QUESTIONS)

1. Write the electronic configuration of Cr3+ ion (atomic number of Cr = 24)?

2. E xplain C uS O 4. 5H2O is blue while ZnSO4 and CuSO4 are colourless?

3. Why is the third ionisation energy of manganese (Z = 25) is unexpectedly
high?

[Hint : The third electron is to be removed from stable configuration of
Mn2+ (3d5). It requires higher energy.]

4. Which element among 3d– transition elements, exhibit the highest oxidation
state?

[Hint : Mn (+7)]

5. Silver (Ag) has completely filled d-orbitals (4d10) in its ground state. How
can you say that it is a transition element. [Hint : Ag2+ (d9)]

6. In 3d series (Sc  Zn), the enthalpy of atomisation of Zn is low. Why?

[Hint : Poor interatomic bonding in zinc.]

7. Out of the following elements, identify the elements which do not exhibit
variable oxidation state?

Sc, Cr, Co, Zn.

8. The +3 oxidation state of lanthanum (Z = 57), gadolinium (Z = 64) and
lutetium (Z = 71) are especially stable. Why?

9. Mention two consequences of Lanthanoid Contraction?

10. The first ionization enthalpies of 5d– series elements is higher than those
of 3d and 4d series elements why?

[Hint : Increasing value of effective nuclear charge due to lanthanoid
contraction.]
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11. Why Mn2+ compounds are more stable than Fe2+ compounds towards
oxidation to their +3 state?

12. Calculate the magnetic moment of Cu2+ (Z = 29) on the basis of “spin-only”
formula.

[Hint : µ =  n (n + 2)  B.M.]

13. Draw the shape of chromate ions?

14. Why does vanadium pentoxide act a catalyst?

[Hint : In V2O5, vanadium shows variable oxidation sates of +4 and +5]

15. What are interstitial compounds?

16. The transition metals and their compounds are known for their catalytic
activity. Give two specific reasons to justify the statement.

17. Write the chemical equation for the reaction of thiosulphate ions and alkaline
potassium permanganate.

18. Mention the name and formula of the ore from which potassium dichromate
is prepared.

[Hint : FeCr2O4 (Chromite)].

19. What is the most common oxidation state of actinoids?

20. Write the names of the catalysts used in the :

(a) Manufacture of sulphuric acid by contact process.

(b) Manufacture of polythene.

21. Mention the name of the element among lanthanoids known to exhibit +4
oxidation state.

22. Name one ore each of manganese and chromium.

23. Why is Cd2+ ion white?

24. Draw the structure of dichromate anion.

25. Arrange the following monoxides of transition metals on the basis of
decreasing basic character TiO, VO, CrO, FeO.[Hint : TiO > VO > CrO >
FeO]
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26. Why is Cr2+ reducing and Mn3+ oxidising when both have d4 configuration?

[Hint : Cr2+ (d4)  Cr3+ (t32g) + e–

Mn3+ (d4) + e–  Mn2+ (3d5)

This is because extra stability is associated with half-filled t2g level and
half-filled d5 configuration.]

27. How would you explain more odixising power of MnO4
– than Cr2O7

2–?

[Hint : MnO4
–  Mn2+ (3d5)

Cr2O7
2– + 6e–  2Cr3 + (t32g)

Stability of Mn2+ is more than that of Cr3+]

28. Why can’t Hydrochloric acid be used to acidity KMnO4 Solution?

[Hint : KMnO4 oxidises HCl to Cl2]

29. Why MnO4
–
 or Cr2O7

2– is intensely coloured?

[Hint : Mn7+(3d°) and Cr6+ (3d°) are intensely coloured because electronic
transition i.e., charge transfer from O2– ions Mn7+ in MnO4

– or to Cr6+ in
Cr2O7

2– occurs upon the absorption of visible light radiations and therefore
these oxoanions exhibit colour which is complementry to the colour absorbed
by these ions.

30. Transition metals show low oxidation stales like 0, –1, –2 etc with -acceptor
ligands like CO.

[Hint : CO ligands not only donates electron pair to central atom but also
accept electron through -back donation from the central atom.]

SHORT ANSWER TYPE QUESTIONS
(2 - MARK QUESTIONS)

1. Write the chemical equation, when the yellow colour of aqueous solution
of Na2CrO4 changes to orange on passing CO2 gas?

2. The stability of Cu2+ (aq) is more than that of Cu+ (aq). Why?

3. Indicate the steps in the preparation of

(a) K2Cr2O7 from Chromite ore.

(b) KMnO4 from Pyrolusite ore.
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4. Give reason for :

(a) In permanganate ions, all bonds formed between manganese and
oxygen are covalent.

(b) Permanganate titrations in presence of hydrochloric acid are
unsatisfactory.

5. Write complete chemical equations for :

(a) oxidation of Fe2+ by Cr2O7
2– in acidic medium

(b) oxidation of Mn2+ by MnO4
– in neutral or faintly alkaline medium.

6. (a) Why do transition metals show high melting points?

(b) Out of Fe and Cu, which one would exhibit higher melting point?

[Hint. (i) Strong interatomic bonding arising from the participation of ns and
unpaired (n – 1) d-electrons.

(ii) Fe has higher melting point due to presence of more unpaired electrons
3d-orbitals.

7. Describe giving reason which one of the following pairs has the property
indicated :
(a) Cr2+ or Fe2+ (stronger reducing agent).
(b) Co2+ or Ni2+ (lower magnetic moments).

8. Of the ions Co2+, Sc3+, Cr3+ which one will give colourless aqueous solution
and how will each of them respond to magnetic field and why?

[Hint : Co2+ (3d7); Cr3+ (3d4); Sc3+ (3d°)]

9. Complete the following equations :

(a) MnO2 + KOH + O2  (b)   Na2Cr2O7 + KCl 

10. Transition metals show low oxidation states with carbon monoxide.

[Hind : CO is a  acceptor ligand capable of forming a bond by accepting
 electrons from the filled d-orbitals of transition metal and CO also form
 bond by donating  electrons to transition metal orbital.

11. For the first row transition metals the enthalpy of atomisation value are :

Sc Ti V Cr Mn Fe Co Ni Cu Zn

aH
/kJ mol–1 326 473 515 397 281 416 425 430 339 26

Assign reason for the following :
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(a) Transition elements have higher values of enthalpies of atomisation.

(b) The enthalpy of atomisation of zinc is the lowest in 3d - series.

12. Account for the following :

(a) Copper shows its inability to liberate hydrogen gas from the dilute
acids.

(b) Scandium (Z = 21) does not exhibit variable oxidation states.

13. Copper (I) compounds undergo disproportionation. Write the chemical
equation for the reaction involved and give reason.

14. Complete the equations :

(a) MnO4
– + NO2

– + H+ 

(b) KMnO4 
513 K

15. The following two reactions of MNO3 with Zn are given.

(a) Zn + conc. HNO3   Zn(NO3)2 + X + H2O

(b) Zn + dil.HNO3   Zn(NO3)2 + Y + H2O

Identify X and Y and write balanced equations.

[Hint : X is NO2 and Y is N2O].

16. For M2+/M and M3+/M2+ systems the E° values for some metals are as
follows :

Cr2+/Cr –0.9V Cr3+/Cr2+ –0.04V

Mn2+/Mn –1.2V Mn3+/Mn2+ 1.5V

Fe2+/Fe –0.4V Fe3+/Fe+2 0.8V

Use this data fo comment upon :

(i) the stability of Fe3+ in acid solution to that of Cr3+ or Mn+3/

(ii) the ease with which iron can be oxidised as compared to a similar
process for either Cr or Mn metal.

[Hint : (i) Cr3+/Cr2+ has –ve reduction potential, Cr3+ is Most stable

Cr+3 > Fe3+ > Mn+3

(ii) Mn > Cr > Fe
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17. For the first row transition metals, the E° values are :

E° V Cr Mn Fe Co Ni Cu

(M+2/M) –1.18 –0.91 –1.18 –0.44 –0.28 –0.25 +0.34

Write the reason of irregularity in the above values.

[Hint : Due to irregular variation of 
i
H1 + 

i
H2 and their sublimation

enthalpies.]

18. Titanium shows magnetic moment of 1.73 BM in its compound. What is the
oxidation number of Ti in the compound?

[Hint : O.N. of Ti = +3].

19. Account for the following :

(a) Transition metals and majority of their compounds act as good
catalysts.

(b) From element to element, actionoid contraction is greater than
lanthanoid contraction

20. Calculate the number of electrons transferred in each case when KMnO4
acts as an oxidising agent to give

(i) MnO2   (ii) Mn2+   (iii) Mn(OH)3   (iv) MnO4
2– respectively.

[Hint : 3, 5, 4, 1].]

21. Calculate the number of moles of KMnO4 that is needed to react completely
with one mole of sulphite ion in acidic medium.

[Hint : 2/5 moles].

SHORT ANSWER TYPE QUESTIONS (3 - MARK QUESTIONS)

1. Account for the following :

(a) La(OH)3 is more basic than Lu(OH)3
(b) Zn2+ salts are white.

(c) Cu(I) compounds are unstable in aqueous solution and undergo
disproportination.

2. Describe the oxidising action of potassium dichromate with the following.
Write ionic equations for its reaction with.

(a) Iodide ion (b) Iron (II) (c) H2S.
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3. (a) Deduce the number of 3d electrons in the following ions :
Fe3+, Cu2+ and Sc3+.

(b) Why do transition metals form alloys.

(c) Write any two characteristics of interstitial compounds.

*4. In the following reaction, Mn(VI) changes to Mn(VII) and Mn(IV) in acidic
solution.

3MnVIO4
2– + 4H+   2MnVIIO4

– + MnIVO2 + 2H2O

(a) Explain why Mn(VI) changes to Mn(VII) and Mn(IV).

(b) What special name is given to such type of reactions?

5. What happens when

(a) thiosulphate ions react with alkaline KMnO4.

(b) ferrous oxalate reacts with acidified KMnO4.

(c) sulphurous acid reacts with acidified KMnO4

Write the balanced chemical equations for the reactions involved.

*6.  Among TiCl4, VCl3 and FeCl2 which one will be drawn more strongly into
a magnetic field and why?

[Hint : Among these halides the transition metal ion having maximum
number of unpaired electrons will be drawn strongly into the magnetic field.

Ti4+ = 3d0 no. of unpaired e– = 0 µ = 0

V3+ = 3d2 no. of unpaired e– = 2 µ = 2.76 BM

Fe2+ = 3d6 no. of unpaired e– = 4 µ = 4.9 BM]

7. Complete the following equations

(a) Mn04
2– + H+  ......... + ...........+ .............

(b) KMnO4  
Heat

(c) H+ + MnO4
– + Fe2+ + C2O4

2– 

8. How do you account for the following?

(a) With the same d-orbital configuration (d4), Cr2+ is a reducing agent
while Mn3+ is an oxidiising agent.
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(b) The actinoids exhibit a larger number of oxidation states than the
corresponding members in the lanthanoid series.

(c) Most of transition metal ions exhibit characteristic colours in aqueous
solutions.

LONG ANSWER TYPE QUESTIONS (5 - MARK QUESTIONS)

1. A green compound ‘A’ on fusion with NaOH in presence of air forms yellow
compound ‘B’ which on acidification, gives orange solution of compound
‘C’. The orange solution when reacted with equimolar ammonuim salt gives
compound ‘D’ which when heated liberates nitrogen gas and compound
‘A’. Identify compounds A to D and write the chemical equation of the
reactions involved.

[Hint : ‘A’ = Cr2O3; ‘B’ = Na2CrO4; ‘C’ = Na2Cr2O7 ‘D’ = (NH4)2 Cr2O7]

2. Assign reasons for the following :

(a) There is no regular trends in E° values of M2+/M systems in 3d
series.

(b) There is gradual decrease in the ionic radii of M2+ ion in 3d series.

(c) Majority of transition metals form complexes.

(d) Ce3+ can be easily oxidised to Ce4+

(e) Tantalum and palladium metals are used to electroplate coinage
metals.

3. Account for the following :

(a) Actinoids display a variety of oxidation states.

(b) Yb2+ behaves as a good reductant.

(c) Cerium (iv) is a good analytical reagent.

(d) Transition metal fluorides are ionic in nature while chlorides and
bromides are covalent in nature.

(e) Hydrochloric acid attacks all the actinoids.

*4. Explain by giving suitable reason :

(a) Co(II) is stable in aqueous solution but in the presence of complexing
agent it is readily oxidised.

(b) Eu2+, Yb2+ are good reductants whereas Tb4+ is an oxidant.
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(c) AgCl dissolves in ammonia solution

(d) Out of Cr2+ or Fe2+, which one is a stronger reducing agent?

(e) The highest oxidation state is exhibited in oxoanions of a transition
metal.

5. When a white crystalline compound A is heated with K2Cr2O7 and conc.
H2SO4, a reddish brown gas B is evolved, which gives a yellow coloured
solution C when passed through NaOH. On adding CH3COOH and
(CH3COO)2 Pb to solution C, a yellow coloured ppt. D is obtained. Also on
heating A with NaOH and passing the evolved gas through K2HgI4 solution,
a reddish brown precipitate E is formed.

Identify A, B, C, D and E and write the chemical equations for the reactions
involved.

[Hint : (A) NH4Cl,   (B) CrO2Cl2 (g),   (C) Na2CrO4

*6. (a) Describe the preparation of potassium dichromate (K2Cr2O7). Write the
chemical equations of the reactions involved.

(b) “The chromates and dichromates are interconvertible by the change
in pH of medium.” Why? Give chemical equations in favour of your
answer.

7. Explain giving reasons :

(a) Transition metals are less reactive than the alkali metals and alkaline
earth metals.

(b) 2+Cu Cu
E  has positive value

(c) Elements in the middle of transition series have higher melting points.

(d) The decrease in atomic size of transition elements in a series is very
small.

8. (a) Compare the chemistry of the actinoids with that of lanthanoids with
reference to

(i) electronic configuration
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(ii) oxidation states

(iii) chemical reactivity.

(b) How would you account for the following :

(i) of the d4 species, Cr2+ is strongly reducing while Mn3+ is strongly
oxidising.

(ii) the lowest oxide of a transition metal is basic whereas highest
is amphoteric or acidic.

9. (a) What is meant by disproportionation of an oxidation state. Give one
example.

(b) Explain why europium (II) is more stable than Ce(II)?

[Hint : (a) When particular state becomes less stable relative to
other oxidation states, one lower and one higher, it is said to undergo
disproportionation, for example,

(b) Eu (II) : [Xe] 4f7 5d0 (4f subshell is half-filled)

Ce (II) : [Xe] 4f1 5d0 (5d subshell is empty and 4f subshell has only
one electron which can be easily lost.)]

10. (a) A blackish brown coloured solid ‘A’ when fused with alkali metal
hydroxide in presence of air, produces a dark green coloured
compound ‘B’, which on electrolytic oxidation in alkaline medium
gives a dark purple coloured compound C. Identify A, B and C and
write the reactions involved.

(b) What happens when an acidic solution of the green compound (B)
is allowed to stand for some time? Give the equation involved. What
is this type of reaction called?

[Hint :

(a) 2 2 4 4
Pyrolusite ore Potassium Potassium 

manganate permanganate

A : MnO B : K MnO C : KMnO

(b)    2– –
4 4 2 2

Green Purple Black
2MnO 4H MnO MnO 2H O
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11. A mixed oxide of iron and chromium FeO.Cr2O3 is fused with sodium
carbonate in the presence of air to form a yellow coloured compound (A).
On acidification the compound (A) forms an orange coloured compound
(B), which is a strong oxidizing agent.

(i) Identify the compounds (A) and (B).

(ii) Write balanced chemical equation for each step.

[Hint :

(i) Compound A : Sodium chromate (Na2CrO4)

(ii) Compound B : Sodium dichromate (Na2Cr2O7).

12. 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 solution of
compound (B). Compound (B) disproportionates in neutral or acidic solution
to give purple compound (C). An alkaline solution of compound (C) oxidizes
potassium iodide solution to a compound (D) and comound (A) is also
formed. Identify compounds A to D and also explain the reactions involved.

A = MnO2 B = K2MnO4 C = KMnO4 D =KIO3

13. Give reasons for the following :

(i) Fe has higher melting point than Cu.

(ii) Co(II) is stable in aqueous solution but in the presence of strong
ligands and air, it can get oxidized to Co (III).

(iii) [Ti(H2O)]3+ is coloured while [Sc(H2O)6]
3+ is colourless.

(iv) The 4d and 5d series of transition metals have more frequent metal-
metal bonding in their compounds than do the 3d metals.

(v) Transition metals sometimes exhibit very low oxidation state such as
+1.

14. A violet compound of manganese (A) decomposes on heating to liberate
oxygen and compounds (B) and (C) of manganese are formed. Compound
(C) reacts with KOH in the presence of potassium nitrate to give compound
(B). On heating compound (C) with conc. H2SO4 and NaCl, chlorine gas
is liberated and a compound (D) of manganese along with other products
is formed. Identify compounds A to D and also explain the reactions involved.

[Hint : A : KMnO4, B : K2MnO4, C : MnO2, D : MnCl2]
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Unit - 9

COORDINATION COMPOUNDS

POINTS TO REMEMBER

1. Coordination entity is composed of central atom to which ligands are
bound.

2. Ligands are defined as the atoms or groups of atoms bound to the central atom.

3. Coordination number is number of sigma-bonds formed between ligands
and the central atom.

4. Chelation involves coordination of more than one sigma-electron pair
donor groups from the same ligand to the same central atom.

5. Oxidation number of a central atom in a coordination entity is defined
as the charge it would bear if all ligands were removed along with the
electron pairs that were shared with the central atom and it is represented
by a roman numeral.

6. Ambidentate ligands can ligate through different atoms. Examples are
NO2

– and SCN–

M N
O

O
or M O N O

M SCN or M NCS

7. Tetrahedral complexes of the type [MX2L2] type do not show gemetrical
isomerism.

8. Square planar complexes of the type [MX2L2] show geometrical isomerism.

9. Square planar complex of the type MABXL where A, B, X, L are unidentate
ligands, shows three geometrical isomers : two cis and one trans.

10. Octahedral complexes of the type [M A3B3] show fac and mer geometrical
isomers.
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11. Octahedral complexes of type [M (AA)2 B2], [M (AA)2 AB] show both
geomerical and optical isomerism. Only cis-isomer and not trans show
optical isomerism, i.e., show optical activity.

12. Octahedral complexes of the type [M (AA)3] show optical isomerism. Here
AA is a didentate ligand.

13. Valence Bond theory can predict the geometry of a coordination entity if
and only if its magnetic behaviour is known.

14. The inner orbital complexes use the inner d-orbital, i.e., (n – 1)d orbitals
central metal whereas outer orbital complexes use outer d-orbitals, i.e.,
n d orbitals of central metal.

15. Crystal field splitting occurs only in the presence of ligands weak or strong.

16. Strong ligands are those which are bound to the central atom through
either C or N and produce strong field.

17. CO and CN– are very strong ligands whereas I, Cl–, F– are weak ligands.

18. The crystal field splitting depends upon (i) geometry of coordination entity
(ii) charge on the metal ion (iii) field produced by the ligands.

19. The colour of ion depends upon the nature of ligand and is due to d-d
transition upon the absorption of characteristic radiations of visible light.

Splitting of d-orbitals in a tetrahedral crystal field.

20. t = 4/9 0

21. Splitting of d-orbitals in Octahedral crystal field is given in previous chapter
(d- and f-block elements).
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APPLICATION OF VALENCE BOND THEORY. GEOMETRY (SHAPE)
AND MAGNETIC NATURE.

NOTE : Pairs of Dots in ortbitals denote the electron pairs donated by ligands.

3+

3+

2–

COORDINATION COMPOUNDS
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3+

2+

2+

4+

VSA QUESTIONS (1 - MARK QUESTIONS)

1. Define the term coordination compound?

2. Write the names of counter ions in

(i) Hg [Co (SCN)4] and (ii) [Pt(NH3)4] Cl2.
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3. Write the oxidation state of nickel in [Ni(CO)4]

*4. What is the coordination number of central atom in [Co(C2O4)3]
3–?

[Ans. : 6]

5. What is the coordination number of iron in [Fe (EDTA)]– ? [Ans. : 6]

6. Write the name of a complex compound used in chemotherapy.

[Ans. : Cis–Platin [Pt(NH3)2 Cl2]

7. Name the compound used to estimate the hardness of water volumetrically.

8. Give the IUPAC name of [Pt Cl2 (NH2CH3) (NH3)2] Cl.

*9. How many geometrical isomers are possible for the tetrahedral complex
[Ni(CO)4].

[Ans. : No isomer, as the relative positions of the unidentate ligands attached
to the central metal atom are same with respect to each other].

10. Arrange the following in the increasing order of conductivity in solution.

[Ni(NH3)6]Cl2; [Co(NH3)6]Cl3 and [CoCl2(en)2] Cl

11. Arrange the following ligands in increasing order of o (Crystal field splitting
energy) for octahedral complexes  with a particular metal ion.

Cl
–, NH3, I

–, CO, H2N–CH2–CH2–NH2.

12. Write I.U.P.A.C. name of Tollens’ reagent.

13. Which is more stable? K3[Fe(CN)6] or K4[Fe(CN)6]

14. Calculate the overall dissociation equilibrium constant for the [Cu(NH3)4]
2+

ion. Given that overall stability constant (4) for this complex is 2.1 × 1013.
[Ans. : 4.7 × 10–14]

*15. What is a chelate ligand? Give one example.

16. Write the I.U.P.A.C. name of Li[AlH4].

17. Name one homogeneous catalyst used in hydrogenation of alkenes.

*18. Name the types of isomerism shown by coordination entity : [CrCl2(Ox)2]
3–

*19. [Ti(H2O)6]Cl3 is coloured but on heating becomes colourless. Why?

*20. Write the IUPAC name of ionization isomer of [Co(NH3)5(SO4)] Br

*21. Write the formula and the name of the coordinate isomer of [Co(en)3]
[Cr(CN)6].
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[Ans. : [Cr(en)3] [Co(CN)6] Tris(ethane –1,2–diammine) chromium (III)
hexacyanocobaltate (III)]

SA(I) TYPE QUESTIONS (2 - MARK QUESTIONS)

*22. Write two differences between a double salt and a coordination compound
with the help of an example of each.

23. Mention the main postulates of Werner’s Theory.

24. Define (a) homoleptic and (b) heteroleptic complexes with the help of one
example of each.

25. In the following coordination entity : [Cu(en)2]
2+

(a) Identify the ligand involved and

(b) Oxidation state of copper metal.

26. Calculate the magnetic moments of the following complexes :

(i) [Fe(CN)6]
4– (ii) [CoF6]

3–

27. Explain the following :

(a) [Fe(CN)6]
3– is an inner orbital complex whereas [FeF6]

3– is an outer
orbital complex.

(b) NH3 acts as complexing agent but NH4
+ does not.

28. What type of structural isomerism is represented by the following complexes:

(a) [Mn(CO)5(SCN)] and [Mn(CO)5(NCS)]

(b) [Co(NH3)5(NO3)] SO4

29. How are  complex compounds applicable in (a) electroplating of silver,
gold or other noble metals (b) photography.

30. Explain on the basis of Valance Bond Theory that diamagnetic [Ni(CN)4]
2–

has square planar structure and paramagnetic [NiCl4]
2– ion has tetrahedal

geometry.

31. Explain as to how the two complexes of nickel [Ni(CN)4]
2– and Ni(CO)4

have different structures but do not differ in their magnetic behaviours. (At.
no. of Ni = 28).

32. Draw the structures of geometrical isomers of the following coordination
complexes : [Co(NH3)3Cl3] and [CoCl2(en)2]

+
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33. Write the IUPAC name of the complexes :

(a) [N iC l2 (PPh3)2]   (b) [Co(NH3)4 Cl(NO2)] Cl

(c) K[Cr(H2O)2 (C2O4)2]

[Hint. : (a) Dichloridobis(triphenylphosphine)nickel (II);

34. Using IUPAC norms write the formulae for the following :

(a) Terabromidocuprate (II)

(b) Pentaamminenitrito–O– Cobalt (III)

*35. How does EDTA help as a cure for lead poisoning?

[Ans. : Calcium in Ca–EDTA complex is replaced by lead in the body. The
more soluble complex lead-EDTA is eliminated in urine].

36. A complex is prepared by mixing CoCl3 and NH3 in the molar ratio of 1:4.
0.1 m solution of this complex was found to freeze at –0.372°C. What is
the formula of the complex?

Kf of water = 1.86°C/m

[Hint : Tf = i Kf × m = i  1.86  0.1

Tf(obs) = 0.373°C

This means each molecule of complex dissociates into two ions.
Hence the formula is [CO(NH3)4Cl2] Cl

*37. The [Mn(H2O)6]
2+ ion contains five unpaired electrons while [Mn(CN)6]

4–

ion contains only one unpaired electron. Explain using Crystal Field Theory:

SA (II) TYPE QUESTIONS (3 - MARK QUESTIONS)

38. Account for the following —

(i) [NiCl4]
2– is paramagnetic while [Ni(CO)4] is diamagnetic though both

are tetrahedral.

(ii) [Fe(H2O)6]
3+ is strongly paramagnetic whereas [Ni(NH3)6]

2+ weakly
paramagnetic.

(iii) [Co(NH3)6]
3+ is an inner orbital complex whereas [Ni(MH3)6]

2+ is in
outer orbital complex.

39. Compare the following complexes with respect to their shape, magnetic
behaviours and the hybrid orbitals involved.
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(a) [CoF6]
3–

(b) [Cr(NH3)6]3+

(c) [Fe(CN)6]
4–

[Atomic Number : Co = 27, Cr = 24, Fe = 26]

40. Draw the structure of

(a) cis-dichloridotetracyanochromate (II)

(b) mer-triamminetrichloridocobalt (III)

(c) fac-triaquatrinitrito–N–cobalt (III)

41. Name the central metal atom/ion present in (a) Chlorophyll (b) Haemoglobin
(c) Vitamin B-12. [Ans. : (a) Mg (b) Fe (c) Co]

42. A metal complex having composition Cr(NH3)4 Cl2Br has been isolated in
two forms ‘A’ and ‘B’. The form ‘A’ reacts with AgNO3 solution to give white
precipitate which is readily soluble in dilute aqueous ammonia, whereas ‘B’
gives a pale yellow precipitate which is partly soluble in concentrated
ammonia solution. Write the formula of ‘A’ and ‘B’. Also mention the
isomerism which arises among ‘A’ and ‘B’.

[Hint : A = [Cr(NH3)4 BrCl] Cl; B = [Cr(NH3)4Cl2] Br are ionisation isomers].

43. Write the limitations of Valence Bond Theory.

44. Draw a sketch to show the splitting of d-orbitals in an octahedral crystal
field state for a d4 ion. How is the actual electronic configuration of the
splitting of d-orbitals in an octahedral crystal field decided by the relative
values of 0 and pairing energy (P)?

*45. For the complex [Fe(en)2Cl2]Cl identify

(a) the oxidation number of iron.

(b) the hybrid orbitals and the shape of the complex.

(c) the magnetic behaviour of the complex.

(d) the number of geometrical isomers.

(e) whether there is an optical isomer also?

(f) name of the complex. [At. no. of Fe = 26]

46. A chloride of fourth group cation in qualitative analysis gives a green coloured
complex [A] in aqueous solution which when treated with ethane –1, 2-
diamine (en) gives pale yellow solution [B] which on subsequent addition
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of ethane –1, 2-diamine turns to blue/purple [C] and finally to violet [D].
Identify [A], [B], [C] and [D] complexes,

[Hint. : Nickel, [A] = [Ni(H2O)6]
2+ ; [B] = [Ni(H2O)4 (en)]2+ ;

[C] = [Ni(H2O)2 (en)2]
2+ ; [D] = [Ni(en)3]

2+.

47. The complex [Co(NH3)6]
3+ contains no unpaired electrons, where as the

complex [Mn(NH3)6]2+ contains five unpaired electrons. Account for the
difference according to crystal field theory.

[Hint : Co is present as Co3+, so the crystal field splitting is greater than
for Mn2+. Co3+ (d6) will form low spin inner orbital complex, Mn (d5) will
form high spin outer orbital complex.]

48. The d3 and d6 electronic configuration are favourable for octahedral
coordination, but not for tetrahedral. Explain this in terms of crytal field
theory.

[Hint : For orbital splitting in an octahedral field, the d3 and d6 configuration
have electrons in low energy d-orbitals. But for tetrahedral splitting they
have one or more electrons in high energy d-orbitals i.e., t2, hence
tetrahedral arrangement is disfavoured.]
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Unit - 10

HALOALKANES AND HALOARENES

POINTS TO REMEMBER

1. Haloalkanes are compounds having general formula R–X and haloarenes
are denoted by Ar–X.

2. Addition of halogen acids to alkenes takes place via carbocations as
intermediates.

3. Halogenation of alkanes takes place via free-radical chain mechanism.
Order of reactivity of halogens in Cl2 > Br2 > I2.

4. Anti Markownikov’s addition takes place only with HBr in presence of a
peroxide.

5. Order of reactivity of hydrohalic acids is HI > HBr > HCl.

6. Allylic substitution can be carried out using Cl2 or Br2 at 800 K or using
SO2Cl2 at 475 K in presence of light and traces of peroxide.

7. Halogenation of benzene is an electrophilic substitution reaction.

+ X2
FeX3

X

+ HX

8. Order of reactivity in SN1 and SN2 mechanism are as follows –



  



N

N

For S 1

3

For S 2

3 , 2 , 1 , CH X

SN reactions are characteristic of haloalkanes.

9. In case of optically active alkyl halides, SN2 mechanism results in the
inversion of configuration while SN1 mechanism results in racemisation.
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10. For same alkyl group, boiling points of alkyl halides is in the order –

R I > RBr > R–Cl > R–F.

11. For same halogen, boiling points of halides increases with increase in the
size of alkyl group.

12. For isomeric halides, boiling point decreases with increase in the size of
alkyl group.

13. C–X bond in aryl halides is shorter, stronger and less polar than in alkyl
halides.

14. Aryl halides are much less reactive towards the nucleophilic substitution
(SN) reactions. Reactivity towards SN reactions increases if some EWG is
present at 0-and p-positions with respect to halogen.

15. D.D.T. is 1,1,1-trichloro-2,2-bis(4-chlorophenyl) ethane.

16. Freon-12 (CF2Cl2) is used as refrigerant.

17. CCl4 is used as fire extinguisher under the name pyrene.

18. Aryl and vinyl halides do not give precipitate with AgNO3 solution.

HALOALKANES AND HALOARENES

1. Write the IUPAC names of the following compounds.

(i) (ii)

(iii)

(iv)

(v) CH2Br – CH = CH – CH2 – C  CH
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(vi)

(vii)

(viii) C H6 5 C CH3

Cl

CH3

(ix) (C2H5)3CBr

(x) Cl CH2 C C CH2 Cl

Br Br

(xi) C6H5CH2CH2CH2Br

(xii) (CH3)3CCH2Br.

(xiii) CH CH3 CH C CH3

CH3

Br

(xiv) CH3 CH CH2 CH CH

Cl

(xv) (CH3)2CHCH(Cl)CH3.

2. Write the structures of following halogen compounds

(i) 2-chloro-3-methylpentane

(ii) 2-(2-chlorophenyl)-1-iodooctane

(iii) 1-bromo-4-sec-butyl-2–methylebenzene.

(iv) p-bromotoluene.

(v) chlorophenylmethane

3. Arrange the following in the increasing order of properly indicated :

(i) bromomethane, chloromethane, dichloromethane. (Increasing order
of boiling points).

(ii) 1-chloropropane, isopropyl chloride, 1-chlorobutane (Increasing order
of boiling point)

(iii) dichloromethane, chloroform, carbon terachloride. (Increasing order
of dipole moment.

(iv) CH3F, CH3Cl, CH3Br, CH3l (Increasing reactivity towards nucleophilic
substitution and increasing order of dipole moment)

(v) o,m.p-dichlorobenzenes (Increasing order of melting points).
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4. Complete the following reactions :

(i)

(ii) CH3 – CH2 – Cl + Ag NO2 

or heat
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5. How will you bring about the following conversions?

(i) benzene to 3-bromonitrobenzene

(ii) ethanol to but-1-yne

(iii) 1-bromopropane to 2-bromopropane

(iv) benzene to 4-bromo-1-nitrobenzene

(v) aniline to chlorobenzene

(vi) 2-methyl-1-propene to 2-chloro-2-methylpropane

(vii) ethyl chloride to propanoic acid

(viii) but-1-ene to n-butyl iodide

(ix) benzene to phenylchloromethane.

(x) tert-butyl bromide to isobutyl bromide.

6. Identify the products formed in the following sequence :

(i)
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(viii) CH3Br KCN
  A  

+
3H O

   4Li Al H
ether

7. Explain the following reactions with suitable example :

(i) Finkelstein reaction.

(ii) Swarts reaction.

(iii) Wurtz reaction.

(iv) Wurtz-Fitting reaction

(v) Friedel-Craft’s alkylation reaction.

(vi) Friedel-Craft’s acylation reaction

(vii) Sandmeyer’s reaction.

8. Write the major products and name the rule responsible for the formation
of the product.
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9. Write the difference between

(i) enantiomers and diastereomers

(ii) retention and inversion of configuration.

(iii) electrophilic and nucleophilic substitution reactions.

10. Give a chemical test to distinguish between the following pairs of
compounds:

(i) chlorobenzene and cyclohexylchloride.

(ii) vinyl chloride and ethyl chloride.

(iii) n-propyl bromide and isopropyl bromide.

11. Give mechanism of the following reactions :

(i) (CH3)3C–Cl + O
–

H   (CH3)3 C–OH

(ii) CH3–Cl + OH–   CH3–OH

12. Which compound in each of the following pairs will react faster in SN2
reaction with OH– and why?

(i) CH3Br or CH3I

(ii) (CH3)3 CCl or CH3Cl

13. In the following pairs, which halogen compound undergoes faster (i) SN1
and (ii) SN2 reaction?
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(i)

(ii)

(iii) (CH3)3CCl and C6H5CH2Cl

(iv) C6H5CH2Cl and C6H5C(Cl)C6H5

(v) CH2 = CH–Cl and CH2 = CH–CH2Cl

(vi) C6H5CH(C6H5)Br and C6H5CH (CH3)Br.

(vii) C6H6C (CH3) (C6H5)Br and C6H5CH (C6H5)Br.

14. Give reasons for the following :

(i) The bond length of C–Cl bond is larger in haloalkanes than that in
haloarenes.

(ii) although alkyl halides are polar in nature but are not soluble in water.

(iii) tert-butyl bromide has lower boiling point than n-butyl bromide.

(iv) haloalkanes react with KCN to form alkyl cyanide as main product
while with AgCN alkyl isocyanide is the main product.

(v) sulphuric acid is not used in the reaction of alcohol with Kl.

(vi) thionyl chloride is the preferred reagent for converting ethanol to
chloroethane.

(vii) haloalkanes undergo nucleophilic substitution reaction easily but
haloarenes do not undergo nucleophilic substitution under ordinary
conditions.

(viii) chlorobenzene on reaction with fuming sulphuric acid gives ortho
and para chlorosulphonic acids.

(ix) 2, 4-dinitro chlorobenzene is much more reactive than chlorobenzene
towards hydrolysis reaction with NaOH.

(x) Grignard reagent should be prepared under anhydrous conditions.

(xi) the dipole moment of chlorobenzene is lower than that of cyclohexyl
chloride.
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(xii) neopentyl bromide undergoes nucleophilic substitution reactions very
slowly

(xiii) vinyl chloride is unreactive in nucleophilic substitution reaction.

(xiv) An optically inactive product is obtained after the hydrolysis of optically
active 2- bromobutane.

[Hint : The hydrolysis reaction occurs by SN1 pathway. The carbocation is
formed first which gives a mixture of (±) butan-2-ol in the second step].

(xv) methyl iodide is hydrolysed at faster rate than methyl chloride.

15. Write the different products and their number formed by the monochlorination
of following compounds :

(i) CH3CH2CH2CH3

(ii) (CH3)2CHCH2CH3

(iii) (CH3)2CHCH(CH3)2

[Hint : (i) Two, (ii) four, (iii) three

16. (a) When 3-methylbutan-2-ol is treated with HBr, the following reaction
takes places :

Give the mechanism for this reaction.

(b) In the following reaction : 
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major and minor products are :

(i) (ii)

(iii) (iv)

Ans. Major (iii) minor (i)

17. Give one use of each of following :

(i) Freon-12 (ii) DDT

(iii) Carbon tetrachloride (iv) Iodoform

18. An optically active compound having molecular formula C7H15Br reacts
with aqueous KOH to give C7H15OH, which is optically inactive. Give
mechanism for the reaction.

A racemic mixture is obtained which is optically inactive.]

19. An organic compound C8H9Br has three isomers A, B and C. A is optically
active. Both A and B gave the white precipitate when warmed with alcoholic
AgNO3 solution in alkaline medium. Benzoic acid, terephthalic and
p-bromobenzoic acid were obtained on oxidation of A, B and C respectively.
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Identify A, B and C.

*20. An alkyl halide X having molecular formula C6H13Cl on treatment with
potassium tert-butoxide gives two isomeric alkenes Y and Z but alkene y
is symmetrical. Both alkenes on hydrogenation give 2, 3-dimethylbutane.
Identify X, Y and Z.

*21. An organic compound (A) having molecular formula C3H7Cl on reaction
with alcoholic solution of KCN gives compound B. The compound B on
hydrolysis with dilute HCl gives compound C. C on reduction with
H2/ Ni gives 1-aminobutane. Identify A, B and C.

[Ans. : (A) CH3CH2CH2Cl, (B) CH3CH2CH2CN, (C) CH3CH2CH2CONH2

*22. Identify A, B, C, D, E, R and R´ in the following sequence of reactions :

23. Which nomenclature is not according to IUPAC system.

(i) Br – CH2 CH = CH2; 1–bromoprop-2-ene
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(ii)  4–bromo-2, 4-dimethylhexane

(iii) , 2–methyl–3–phenylpentane

(iv) , 5–oxohexanoic acid

24. Primary alkyl halide (A) C4H9Br reacted with alc.KOH to give ‘B’. ‘B’ when
reacted with HBr to give ‘C’, which is an isomer of ‘A’. When ‘A’ reacted
with Na metal, it gave a compound ‘D’ C8H18 that was different from the
compound, when n-butyl bromide was reacted with Na. Give the structural
formulas of ‘A’ to ‘D’ and write the chemical equations of reactions involved.
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Unit - 11

ALCOHOLS, PHENOLS AND ETHERS

POINTS TO REMEMBER
1. Alcohols are of 3 types : 1°, 2° and 3° represented as

CH3 OH

CH2 OHR

1°

R CH OH

R

2°

R C OH
R

R

3°
2. Ethers are dialkyl derivatives of water or monoalkyl derivatives of alcohols

with formula R O R .

3. All the 3 types of monohydric alcohols (1°, 2° or 3°) except CH3OH, can
be prepared from reaction of carbonyl compounds with Grignard’s
Reagents.

4. Alcohols :
Reactivity of alcohols with HX (Cleavage of C–O bond)
1° 2° 3°
Water solubility, acid strength.

5. 1°, 2° and 3° alcohols can be distinguished by Lucas Test.

6. Presence of EWG increases the acid strength of phenols while ERG
decreases the acid strength.

EWG : –NO2, –X, –CN, –COOH etc.

ERG : –R, –OR, –OH, –NH2 etc.

7. 3° alcohols are resistant to oxidation due to lack of -hydrogen.

8. Intermolecular H-bonds of p- and m-nitrophenol increases water solubility/
acid strength while intramolecular H-bonds in o-nitrophenol decreases
these properties.

9. In the reaction of alkyl aryl ether (anisole) with HI, the products are always
alkyl halide and phenol because O–R bond is weaker than O–Ar bond.

10. C–O–C bond in ether is bent and hence is polar even if both alkyl groups
are identical.
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11. Ethers are relatively inert and hence are used as solvents.

12. 100% ethanol is known as absolute alcohol.

13. 95% ethanol is called rectified spirit.

14. A mixture of 20% ethanol and 80% gasoline is known as power alcohol.

15. Iodoform test is used for distinguishing compounds having

CH3 C

O

or CH3 CH

OH

groups

ALCOHOLS, PHENOLS AND ETHERS

1. Write IUPAC names of the following compounds :

(vi)
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2. Write the structures of the compounds whose names are given below :

(i) 3, 5-dimethoxyhexane-1,3,5-triol

(ii) cyclohexylmethanol

(iii) 2-ethoxy-3-methylpentane

(iv) 3-chloromethylpentan-2-ol

(v) p-nitroanisole

3. Describe the following reactions with example :

(i) Hydroboration oxidation of alkenes

(ii) Acid catalysed dehydration of alcohols at 443K.

(iii) Williamson synthesis

(iv) Reimer-Tiemann reaction.

(v) Kolbe’s reaction

(vi) Friedel-Crafts acylation of Anisole.

4. Complete the following reactions :

(ix) C6H5OC3H7

(x) CH3CH2OCH2CH2CH2Cl
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5. What happens when :

(i) aluminium reacts with tert-butyl alcohol

(ii) cumene is oxidised in the presence of air and the product formed is
treated with dilute acid.

(iii) phenol is treated with conc. HNO3.

(iv) phenol is treated with chloroform in presence of dilute NaOH.

6. How will you convert

(i) propene to propan-l-ol.

(ii) anisole to phenol

(iii) butan-2-one to butan-2-ol

(iv) ethanal to ethanol

(v) phenol to ethoxybenzene

(vi) 1-phenylethene to 1-phenylethanol

(vii) formaldehyde to cyclohexylmethanol

(viii) butyl bromide to pentan-1-ol.

(ix) toluene to benzyl alcohol

(x) 1-propoxypropane to propyl iodide

(xi) ethyl bromide to 1-ethoxyethane

(xii) methyl bromide to 2-methoxy-2-methylpropane

(xiii) ethyl bromide to ethoxybenzene

(xiv) ethanol to benzyl ethyl ether.

(xv) Propene to propan-2-ol.

(xvi) Phenol to 2,4,6-trinitrophenol.
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7. Identify the missing reactant or product A to D in the following equations:

8. Identify X, Y and Z in the following sequence of reactions :

10. Write the mechanism for following reactions :

(acid catalysed hydration of alkenes)
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(ii) CH3 – CH2 – OH 
+H

443 K  CH2 = CH2
(acid catalysed dehydration of alcohols)

(iii) CH3CH2OH 
+H

413 K CH3CH2OCH2CH3
(acid catalysed nucleophilic substitution reaction)

(iv) CH3OCH3 + HI   CH3OH + CH3I

(v) (CH3)3C–O–CH3 + HI   CH3OH + (CH3)3 CI

11. Give reason for the following :

(i) The C–O–C bond angle in dimethyl ether is (111.7°)

(ii) Alcohols have higher boiling points than ethers of comparable
molecular masses.

(iii) Phenols are more acidic than alcohols.

(iv) Nitrophenol is more acidic than o-methoxyphenol.

(v) Phenol is more reactive towards electrophilic substitution reaction
than benzene.

(vi) The following is not an appropriate method for the preparation of
t-butyl ethyl ether :

(a) What would be the major product of this reaction?

(b) Write suitable reaction for the preparation of t-butyl ethyl ether.

(vii) The following is not an appropriate method for the preparation of
1-methoxy-4-nitrobenzene;

(viii) Write the suitable reaction for the preparation of
1-methoxy-4-nitrobenzene
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(ix) o-nitrophenol is steam volatile but p-nitrophenol is not.

(x) phenol is less polar than ethanol.

(xi) phenyl methyl ether reacts with HI to form phenol and iodomethane
and not iodobenzene and methanol.

(xii) methanol is less acidic than water.

(xiii) alcohols can act as weak base as well as weak acids.

(xiv) phenols do not give protonation reaction readily.

(xv) absolute ethanol can not be obtained by factional distillation of ethanol
and water mixture.

12. Arrange the following in the increasing order of property shown :

(i) methanol, ethanol, diethylether, ethyleneglycol. (Boiling points)

(ii) phenol, o-nitrophenol, m-nitrophenol, p-nitrophenol. (Acid strength)

(iii) dimethylether, ethanol, phenol. (Solubility in water)

(iv) n-butanol, 2-methylpropan-1-ol, 2-methylpropan-2-ol. (Acid strength)

13. Give a chemical test to distinguish between the following pair of compounds.

(i) n-propyl alcohol and isopropylalcohol

(ii) methanol and ethanol

(iii) cyclohexanol and phenol

(iv) propan-2-ol and 2-methylpropan-2-ol

(v) phenol and anisole

(vi) ethanol and diethyl ether

(vii) phenol and benzoic acid

*14. Which of the following compounds gives fastest reaction with HBr and why?

(i) (CH3)3COH

(ii) CH3CH2CH2OH
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*15. What is the function of ZnCl2 (anhyd) in Lucas test for distinction between
1°, 2° and 3° alcohols.

16. An alcohol A (C4H10O) on oxidation with acidified potassium dichromate
gives carboxylic acid B (C4H8O2). Compound A when dehydrated with
conc. H2SO4 at 443 K gives compound C. Treatment of C with aqueous
H2SO4 gives compound D (C4H10O) which is an isomer of A. Compound
D is resistant to oxidation but compound A can be easily oxidised. Identify
A, B, C and D and write their structures.

[Ans. : [A] : (CH3)2CHCH2OH [B] : CH3CH(CH3)COOH

[C] : (CH3)2C = CH2 [D] : (CH3)3C – OH

*17. An organic compound A having molecular formula C6H6O gives a
characteristic colour with aqueous FeCl3. When A is treated with NaOH
and CO2 at 400 K under pressure, compound B is obtained. Compound B
on acidification gives compound C which reacts with acetyl chloride to form
D which is a popular pain killer. Deduce the structure of A, B, C and D.
What is the common name of Drug D?

19. An ether A (C5H12O) when heated with excess of hot concentrated HI
produced two alkyl halides which on hydrolysis from compounds B and C.
Oxidation of B gives an acid D whereas oxidation of C gave a ketone E.
Deduce the structures of A, B, C, D and E.

[Ans. : (A)

(B) CH3CH2OH

(C) CH3CHOHCH3

(D) CH3COOH

(E) CH3COCH3
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20. Phenol, C6H5OH when it first reacts with concentrated sulphuric acid, forms
Y • Y is reacted with concentrated nitric acid to form Z. Identify Y and Z and
explain why phenol is not converted commercially to Z by reacting it with
conc. HNO3.

[Ans. :

Phenol is not reacted directly with conc. HNO3 because the yield of picric
acid is very poor]

21. Synthesise the following alcohols from suitable alkenes.

22. How are the following ethers prepared by williamson synthesis?

(a) Ethoxybenzene (b) 2-methoxy-2-methylpropane

23. An aromatic compound ‘A’ on treatment with CHCl3/KOH gives two
compounds ‘B’ & ‘C’. Both ‘B’ & ‘C’ gives same product ‘D’ when distilled
with Zn dust. Oxidation of ‘D’ gives ‘E’ having formula C7H6O2. The sodium
salt of ‘E’ on heating with sodalime gives ‘F’ which may also be obtained
by distilling ‘A’ with Zn dust. Identify ‘A’ to ‘F’.
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Unit - 12

ALDEHYDES, KETONES and
CARBOXYLIC ACIDS

POINTS TO REMEMBER

1. Aldehydes, ketones, carboxylic acids and their derivatives are commonly
called as carbonyl compounds.

2. In Rosenmund’s reduction, poisoning of Pd with BaSO4 prevent reduction
of R–CHO to R–CH2OH.

3. In the reaction of toluene with CrO3 acetic anhydride is used to protect
benzaldehyde as benzylidenediacetate to avoid further its oxidation to
benzoic acid.

4. Order of reactivity of aldehydes and ketones towards nucleophilic addition
is :

(i) HCHO > CH3CHO > CH3CH2CHO.

(ii) HCHO > R–CHO > R CO R.

(iii) ArCHO > Ar COR > Ar CO Ar.

5. Benzaldehyde does not reduces Fehling’s solution.

6. Aldehydes and Ketones with atleast one –H atom get condensed in
presence of a base. This is known as Aldol condensation.

7. Aldol condensation involves carbanion as intermediate.

8. Aldehydes with no  H atoms undergo Cannizzaro’s reaction.

9. Ketones do not react with monohydric alcohols to form ketals.

10. Aromatic ketones when treated with Cl2 in absence of catalyst, forms
aryl chlorides e.g., phenacyl chloride. It is a powerful lachrymator (Tear
Gas) and is used by police to disperse mobs.

11. Monocarboxylic acids having (C12–C18) carbon atoms, are called fatty acids.

12. Boiling points of carboxylic acids is greater than corresponding alcohols.
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13. Even membered carboxylic acids have higher melting point than odd
members preceeding or following it.

15. –COOH group is not a true carbonyl group because of resonance.

C O R

O

C O H

O

Hence, carboxylic acids do not give addition reaction of aldehydes and
ketones.

16. The presence of EWGs enhance the acidic strength of carboxylic acids
and ERGs decreases the acidic strength.

17. The more is the Ka value, lesser is the pKa. A stronger acid always has
higher Ka but a lower pKa value.

18. –COOH group is meta-directing in electrophilic substitution reaction.

ALDEHYDES, KETONES AND CARBOXYLIC ACIDS

1. Indicate the electrophilic and nucleophilic centres in acetaldehyde.

2. Write the IUPAC names of the following organic compounds :
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(vii)

CH CH CHO

(x) CH3 C CH C C OH

O Cl O

(xvi) HOOC CHO

3. Explain the following reactions giving one example of each :

(i) Rosenmund reduction reaction

(ii) Stephen reduction reaction

(iii) Etard reaction

(iv) Gatterman-Koch reaction

(v) Aldol condensation

(vi) Cross aldol condensation

(vii) Cannizzaro reaction

HOOC – CH  C – CH  COOH2 2

I

I

OH

COOH
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(viii) Decarboxylation reaction

(ix) Kolbe’s reaction

(x) Hell-Volhard-Zelinsky reaction

(xi) Clemmensen reduction

(xii) Wolff-Kishner reduction

(xii) Haloform reaction.

4. How will you convert :

(i) Isopropyl chloride to 2-methylpropionaldehyde.

(ii) benzene to benzaldehyde

(iii) benzoic acid to acetophenone

(iv) propene to propanal

(v) butanoic acid to 2-hydroxybutanoic acid

(vi) benzoic acid to m-nitrobenzyl alcohol

(vii) propanol to propene

(viii) propanol to butan-2-one.

(ix) methyl magnesium bromide to ethanoic acid

(x) benzoic acid to benzyl chloride

(xi) acetone to chloroform

(xii) acetylene to acetic acid

(xiii) formaldehyde to propanol

(xiv) acetophenone to 2-phenylbutan-2-ol

(xv) ethanal to but-2-enal

(xvi) benzoyal chloride to benzeldehyde.

(xvii) propanone to propane.
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5. Complete the following reactions :

(iv) conc. KOH2HCHO 

(v) 2Br P
3CH COOH 

(vi)

CHO
HNO /H SO3 2 4

273–283 K

(vii)

(viii)

(ix)
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6. How will you prepare the following derivatives of acetone?
(i) 2,4-DNP derivative
(ii) Schiff’s base
(iii) Oxime

7. Arrange the following in the increasing order of the property indicated

(i) CH3CHO, HCHO, CH3COCH3, C6H5CHO (reactivity towards HCN)

(ii) propan-1-ol, propanone, propanal (boiling point)

8. Give the reaction mechanism for following reactions :

9. Give one chemical test to distinguish between following pair of compounds:
Write the chemical reaction involved.

(x)

(xi)

(xii)

(xiii)
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(i) propan-2-ol and propanone

(ii) ethyl acetate and methyl acetate

(iii) benzaldehyde and benzoic acid

(iv) benzaldehyde and acetaldehyde

(v) formic acid and acetic acid

(vi) propanal and propan-1-ol

(vii) ethanoic acid and ethylethanoate

(viii) CH3CHO and CH3COCH3

(ix) CH3CHO and HCHO

(x) acetophenone and benzophenone

(xi) ethanal and propanal.

10. Give reason for the following (i) cyclohexanone form cyanohydrin in good
yield but 2,2,6-trimethylcyclohexanone does not.

(ii) Benzaldehyde does not give Fehling’s test.

(iii) The alpha H atoms in ethanal are acidic in nature.

(iv) p-nitrobenzaldehyde is more reactive than benzaldehyde towards
nucleophilic addition reactions.

(v) Acetic acid does not give sodium bisulphite addition product.

(vi) For the formation of ethyl acetate from acetic acid and ethanol in
presence of sulphuric acid, the reaction mixture is heated to remove
water as fast as it is formed.

(vii) Chloroacetic acid has lower pka value than acetic acid.

(viii) Monochloroethanoic acid is a weaker acid than dichloroethanoic acid.

(ix) Benzoic acid is stronger acid than ethanoic acid.

(x) Aldehydes are more reactive towards nucleophilic reagents than
ketones .

(xi) Benzaldehyde does not undergo aldol condensation.
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(xii) Formic acid reduces Tollens’ reagent.

(xiii) Electrophilic substitution in benzoic acid takes place at m-position.

(xiv) Carboxylic acids do not give characteristic reactions of carbonyl group.

(xv) Formaldehyde gives Cannizzaro reaction whereas acetaldehyde does
not.

(xvi) tert-butylbenzene cannot be oxidised with KMnO4.

(xviii) There are two –NH2 groups in semicarbazide. However, only one
–NH2 group is involved in the formation of semicarbazones.

(xix) Benzoic acid is less soluble in water than acetic acid.

(xx) Formic acid is a stronger acid than acetic acid.

*11. You are given four different reagents Zn–Hg/HCl, NH2 NH2/OH– in Glycol,
H2/Ni and NaBH4. Select one reagent for the following transformation and
give reasons to justify your answer.

[Hint : OH group and alkene are sensitive groups to HCl, so clemmeson
reduction cannot be used. Hence NH2 NH2/OH– in glycol will be used.

*12. An organic compound (A) having molecular formula C5H10O gives a positive
2,4-DNP test. It does not reduce Tollens’ reagent but forms an addition
compound with sodium hydrogen sulphite. On reaction with I2 in alkaline
medium, it forms a yellow precipitate of compound B and another compound
C having molecular formula C4H7O2Na. On oxidation with KMnO4, [A] forms
two acids D and E having molecular formula C3H6O2 and C2H4O2
respectively. Identity A, B, C, D and E.

A : CH3CH2CH2COCH3 B : CHI3 C : CH3CH2CH2COONa

D : CH3CH2COOH E : CH3COOH

*13. Formaldehyde and acetaldehyde on treatment with dil. NaOH form A which
on heating changes to B. When B is treated with HCN, it forms C. Reduction
of C with DIBAL- H yields D which on hydrolysis gives E. Identify A, B, C,
D and E.
[Ans. : A : HOCH2CH2CHO B : CH2 = CH – CHO
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*14. Identify the missing reagent/products in the following reactions :

15. Identify A, B, C, D and E in the following sequences of reactions :

D + E                               HCOONa + (CH )  CCH OH23 3
conc. NaOH

*16. A tertiary alcohol ‘A’ on acid catalyzed dehydration gave product ‘B’.
Ozonolysis of ‘B’ gives compounds ‘C’ and ‘D’. Compound ‘C’ on reaction
with KOH gives benzyl alcohol and compound ‘E’. Compound ‘D’ on reaction
with KOH gives -unsaturated ketone having the following structure:
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*18. Arrange the following acids in the order of increasing acid strength
(i) formic acid, benzoic acid, acetic acid

(ii)

(iii) CH3CH2COOH, C6H5COOH, CH3COOH, C6H5CH2COOH

*19. During the reaction of a carbonyl compound with a weak nucleophile, H+

ions are added as catalyst. Why?

[Ans. : 

H+ ions get attached to oxygen atom and make carbonyl carbon more
electrophilic in nature.]

Ph—C    CHCOPh——

CH3
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*20. During reaction of carbonyl compound with 2,4-DNP reagent, the pH of the
reaction mixture has to be maintained between 3 and 4. Why?

[Ans. : H+ ions increase the electrophilicity of carbonyl carbon. When H+

ions are in excess, they protonate the NH2 group of 2,4-DNP. After
protonation –N+H3 group does not act as nucleophile.]

*21. An aromatic compound X with molecular formula C9H10 gives the following
chemical tests :

(i) forms 2,4-DNP derivative

(ii) reduces Tollens’ reagent

(iii) undergoes Cannizzaro reaction

(iv) On vigorous oxidation gives 1, 2-benzenedicarboxylic acid.

Identify X and write its IUPAC name. Also write the reactions involved
in the formation of above mentioned products.

22. Iodoform can be prepared from all except.

(i) Ethyl methyl ketone (ii) Isopropyl alcohol

(iii) 3-methylbutan-2-one (iv) Isobutyl alcohol [Ans : (iv)]

23. (i) Write the structure of p-methyl benzaldehyde molecule.

(ii) Write structure of 4-chloropentan-2-one.

(iii) Write structure of 3-methylbutanal.
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Unit - 13

AMINES

POINTS TO REMEMBER

1. Amines are alkyl and/or aryl derivatives of NH .3

2. Functional groups of 1°, 2° and 3° amines are respectively –

NH ,2 NH   and N

3. Gabrial phthalamide synthesis can’t be used for the preparation of 2° and
3° amines.

4. Hoffmann’s bromamide reaction gives 1° amines having one carbon atom
less than parent primary amide.

5. The order of basic strength of aliphatic amines is :

(i) Aliphatic amines are more basic than NH .3

(ii) In aqueous medium, the order is 2° > 1° > 3° (for CH3 group) and
2° > 3° > 1° for C2H5 group.

(iii) In non-aqueous medium or gaseous phase the order is 3° > 2° > 1°.

6. Basic strength of aromatic amines –

(i) Aromatic amines are weaker bases than NH .3

(ii) ERGs like  –CH3, –OR, –NH2 etc. increase basic strength while
EWGs like –NO2, –CN etc. decrease the basic strength. The effect
of substituents is more at para positions and less at meta-position.

7. Basic strength of amines is expressed in terms of Kb or pKb.

8. 1°, 2° and 3° amines can be distinguished by Hinsberg’s Test.

9. Hinsberg’s reagent is benzene sulphonyl chloride (C6H5SO2Cl).

10. 3° amines like trimethylamine are used as insect attractants.

11. Diazonium salts are represented by the general formula [Ar NN]+ X–.
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12. Aliphatic diazonium salts are very unstable and do not exist while aromatic
salts are relatively stable.

13. These salts are prepared from 1° aryl amines by diazotisation reaction.

14. Diazonium salts are important tools in the hands of organic chemists for
preparing a variety of aromatic compounds.

AMINES

1. Write IUPAC names of the following :

2. Giving an example of each, describe the following reactions :

(i) Hoffman bromamide reaction

(ii) Gabriel phthalamide synthesis

(iii) Gatterman reaction

(iv) Coupling reaction

(vi) Carbylamine reaction or isocyanide test

(vii) Acetylation of aniline.



154 [XII –  Chemistry]

Twinklegraphics*chemistry-XII*2013-2*3rd print

3. Describe the Hinsberg’s test for identification of primary, secondary and
tertiary amines. Also write the chemical equations of the reactions involved.

4. Arrange the following in the increasing order of given property indicated.

(i) C2H5NH2, (C2H5)2NH, (C2H5)3N and NH3, (Basic strength in aqueous
solution).

(ii) C2H5NH2, (C2H5)2NH, (C2H5)3N and CH3NH2. (Basic strength in
gaseous phase).

(iii) Aniline, p-toluidine, p-nitroaniline. (Basic strength).

(iv) C2H5OH, (CH3)2 NH, C2H5NH2  (Boiling point)

5. Identify A and B in the following reactions :

(i) CH3CH2Cl + NH3 (Excess) –
373K
OH

  AA

(ii) CH3CH2Cl (excess) + NH3 –
373K
OH



6. How will you bring about the following conversions?

(i) benzene to aniline

(ii) aniline to benzene

(iii) ethanoic acid to ethanamine

(iv) p-toluidine to 2-bromo-4-methylaniline.

(v) methylbromide to ethanamine

(vi) benzenediazonium chloride to nitrobenzene

(vii) ethylamine to methylamine

(ix) benzene to sulphanilic acid

(x) hexanenitrile to 1-aminopentane.

(xi) aniline to 1,3,5-tribromobenzene.

(xii) Benzene to 3-bromophenol.

(xiii) Aniline to 2,4,6-tribromofluoro-benzene.

(xiv) Benzamide to toluene.

(xv) Ethanamine to propanamine.
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7. Write the products formed in the following sequence of reactions :
– Br /NaOHNaCN OH 2

Partial hydrolysisCH CH l  A  B  C3 2   

8. Identify the missing reagent/product in the following reactions :

9. Give one chemical test to distinguish between the following pairs of
compounds :

(i) methylamine and dimethylamine (Hint : by carbylamine test)

(ii) secondary and tertiary amines (by Hinsber’s test)

(iii) ethylamine and aniline (by azo dye test)

(iv) aniline and benzylamine (by azo dye test)

(v) methylamine and methanol (by carbylamine test)

(vi) methylamine and N, N-dimethylamine (by Hinsberg’s test)

(vii) ethanol and ethanamine (by carbylamine test)
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10. Explain why :

(i) the C–N–C bond angle in trimethyl amine is 108°.

(ii) the quaternary ammonium salts having four different alkyl groups are
optically active.

(iii) alkylamines are more basic than ammonia.

(iv) aniline cannot be prepared by Gabriel phthalimide synthesis.

(v) harbriel phthalimide synthesis is preferably used for synthesising
primary amines and not aromatic amines.

(vi) ethylamine is soluble in water but aniline is not

(vii) amines are soluble in dilute HCl.

(viii) amines have lower boiling point than alcohols of comparable molecular
masses.

(ix) 1° amines have higher boiling points than 2° amines which in turn,
are higher boiling than 3° amines.

(x) the pKb value of benzenamine is 9.33 while that of ammonia is 4.75.

(xi) aniline does not undergo Friedel-Crafts reaction.

(xii) aniline readily forms 2, 4, 6-tribromoaniline on reaction with
bromine water.

(xiii) sulphanilic acid is soluble in water.

(xiv) methylamine in water reacts with ferric chloride to precipitate hydrated
ferric oxide.

(xv) diazonium salt of aromatic amines are more stable than the diazonium
salts of aliphatic amines.

(xvi) although amino group is o– and p-directing in aromatic electrophilic
substitution reactions, aniline on nitration gives a substantial amount
of m-nitroaniline.

11. Why do amines act as nucleophiles? Give example of a reaction in which
methylamine acts as a nucleophile.

*12. Three isomeric amines A, B and C have the molecular formula C3H9N.
Compound A on reaction with benzene sulphonyl chloride forms a product
which is soluble in NaOH. Compound B on reaction with benzene sulphonyl
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chloride forms a product which is insoluble in NaOH and compound C
does not react with benzene sulphonyl chloride. Identify A, B and C.

[Ans. : (A) CH3CH2CH2NH2 (B) CH3CH2NHCH3 (C) (CH3)3N]

13. An organic compound A (C2H3N) is used as a solvent of choice for many
organic reactions because it is not reactive in mild acidic and basic
conditions. Compound A on treatment with Ni/H2 forms B. When B is
treated with nitrous acid at 273K, ethanol is obtained. When B is warmed
with chloroform and NaOH, a foul smelling compound C formed. Identify
A, B and C.

[Ans. : (A) CH3CN (B) CH3CH2NH2 (C) CH3CH2NC

14. An organic compound [A] C3H6O2 on reaction with ammonia followed by
heating yields B. Compound B on reaction with Br2 and alc. NaOH gives
compound C (C2H7N). Compound C forms a foul smelling compound D on
reaction with chloroform and NaOH. Identify A, B, C, D and the write the
equations of reactions involved.

[Hint : (A) CH3CH2COOH (B) CH2CH2CONH2

(C) CH3CH2NH2 (D) CH3CH2NC.]

15. Write structure of reagents/compounds (A to F) in following sequences of
reactions.

 

 3 3

2 4

2

HNO (conc.) CHCl KOHSn HCl conc.
H SO cons.

H Pt F
6 5 3 3

A B C

D E C H NHCOCH CH COOH


  

  

16. Identify A to F.

2 2

2 2

KOH Br NaNO HCl D
0 5 C

Cl Fe H Pt
6 5 2 2

A B C

E F C H CH NH
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Unit - 14

BIOMOLECULES

POINTS TO REMEMBER

1. Biomolecule : The complex organic molecules which built up living
organism and form the basis of life.

2. Carbohydrates : The polyhydroxy aldehydes or ketones or the compounds
which can produce these on hydrolysis.

3. Monosaccharides : These are the simplest carbohydrates. They can’t be
hydrolysed to simpler carbohydrates.

4. Glycocidic linkage : The oxide linkage which connects the
monosaccharides units in oligosaccharides or polysaccharides.

5. Sucrose on hydrolysis gives glucose and fructose.

6. Maltose on hydrolysis gives only glucose.

7. Loctose on hydrolysis gives one molecule of glucose and one molecule of
galactose.

8. Mutarotation : The process involving the gradual change in the optical
rotation of either optically active form of carbohydrates in aqueous solution
to that of equilibrium mixture.

9. Anomers : The pair of diastereomers of aldoses which differ in configuration
about C1 carbon atom.

10. -Amino acids : The organic compounds containing –COOH group and
–NH2 group at the -carbon atom. These are the building blocks of proteins
and peptides.

11. Proteins : The complex nitrogenous organic molecules which are essential
for the growth and maintenance of life. Proteins are polymers of -amino
acids which are connected to each other by peptide bonds.

12. Denaturation : It is the process that brings about changes in the physical
as well as biblogical properties of the proteins during denaturation primary
structure of protein remains unchanged but the secondary and tertiary
structures undergo change.
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13. Nucleic acid : The biologically important polymers present in the living
cells, which play significant role in synthesis of proteins in living organism
and are responsible for the transfer of genetic information.

14. The purines bases in nucleic acids are adenine and guanine while pyrimidine
bases are thymine, uracil and cytosine. The base uracil is present only in
RNA while the base thymine is present only in DNA. RNA is of 3 types :
m-RNA, r-RNA, t-RNA.

15. Nucleotide : The monomeric units of nucleic acids are called nucleotides.

16. Nucleoside : It is the condensation product of purine or pyrimidine base
with pentose sugar.

17. Replication : It is a unique property of DNA to synthesise on exact copy
of itself.

18. Gene : The DNA sequence that codes for a specific protein or polypeptide
is called a gene.

19. Genetic Code : It is the relationship between the nucleotide triplet amino
acid sequence.

20. Mutation : It is a chemical change in a DNA molecule that could lead to
the synthesis of proteins with different amino acid sequence.

21. Vitamins : The organic compounds other than carbohydrates, proteins
and fats which are necessary to maintain normal, health, growth and
nutrition. They may be classified as water soluble or fat soluble.

Water soluble – B-complex, C

Fat soluble – A, D, E, K

QUESTIONS

VSA TYPE QUESTIONS (1 - MARK QUESTIONS)

1. Name polysaccharide which is stored in the liver of animals.

2. What structural feature is required for a carbohydrate to behave as reducing
sugar?

[Hint : The carbonyl group of any one monosaccharide present in
carbohydrate should be free]

3. How many asymmetric carbon atoms are present in D (+) glucose?

4. Name the enantiomer of D-glucose.

[Hint : L-glucose]
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5. Give the significance of (+)-sign in the name D-(+)-glucose.

[Hint : (+) sign indicates dextrorotatory nature of glucose].

6. Give the significance of prefix ‘D’ in the name D-(+)-glucose.

[Hint : ‘D’ Signifies that –OH group on C-5 is on the right hand side]

7. Glucose is an aldose sugar but it does not react with sodium hydrogen
sulphite. Give reason.

[Hint : The –CHO group reacts with –OH group at C–5 to form a cyclic
hemiacetal].

8. Why is sucrose called invert sugar?

[Hint : When sucrose is hydrolysed by water, the optical rotation of solution
changes from positive to negative.]

9. Name the building blocks of proteins.

10. Give the structure of simplest optically active amino acid.

11. Name the amino acid which is not optically active.

12. Write the Zwitter ionic form of aminoacetic acid. (H2NCH2COOH).

13. Name the enzyme which catalyses the hydrolysis of maltose into glucose.

14. Give reason : Amylase present in the saliva becomes inactive in the
stomach.

[Hint : HCl present in stomach decreases the pH]

15. How would you explain the amphoteric behavior of amino acids.

[Hint : Amino acids are amphoteric due to the presence of both acidic and
basic functional groups.]

16. Which forces are responsible for the stability of -helical structure of proteins.

17. How are polypeptides different from proteins.

18. Which nucleic acid is responsible for carrying out protein synthesis in the cell.

19. The two strands in DNA are not identical but complementary. Explain.

[Hint : H-bonding is present between specific pairs of bases present in
stands.]

20. When RNA is hydrolysed, there is no relationship among the quantities of
different bases obtained. What does this fact suggest about the structure
of RNA.

[Hint : RNA is single stranded].
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21. What type of linkage holds together the monomers of DNA and RNA?

[Hint : Phosphodiester linkage]

22. Mention the number of hydrogen bonds between adenine and thymine.

23. A child diagnosed with bone deformities, is likely to have the deficiency of
which vitamin?

24. What is meant by the term DNA fingerprinting?

25. List two important functions of proteins in human body.

26. Name the vitamin responsible for coagulation of blood.

27. Except vitamin B12, all other vitamins of group B, should be supplied regularly
in diet. Why?

28. How is glucose prepared commercially?

29. What is the structural difference between glucose and fructose?

30. What is the difference between an oligosaccharide and a polysaccharide?

31. Give the Haworth projection of D-glucopyranose.

SA (I) TYPE QUESTIONS (2 - MARKS QUESTIONS)
1. What are anomers? Give the structures of two anomers of glucose.

2. Write the hydrolysed products of
(i) maltose (ii) cellulose.

3. Name the two components of starch? Which one is water soluble?
4. (i) Acetylation of glucose with acetic anhydride gives glucose

pentaacetate. Write the structure of the pentaacetate.
(ii) Explain why glucose pentaacetate does not react with hydroxylamine?
[Hint : The molecule of glucose pentaacetate has a cyclic structure in
which –CHO is involved in ring formation with OH group at C–5]

5. What are vitamins? How are they classified?

6. (i) Why is sucrose called a reducing sugar?
(ii) Give the type of glycosidic linkage present in sucrose.

7. Classify the following as monosaccharides or oligosaccharides.
(i) Ribose (ii) Maltose
(iii) Galactose (iv) Lactose

8. Write the products of oxidation of glucose with
(a) bromine water (b) nitric acid
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9. State two main differences between globular and fibrous proteins.

10. Classify the following -amino acids as neutral, acidic or basic.

(i) HOOC–CH2–CH (NH2) COOH

(ii) C6H5–CH2–CH(NH2) COOH

(iii) H2N–(CH2)4–CH(NH2)–COOH

(iv) HN = C–(CH ) –CH(NH )COOH2 3 2

NH2

11. You have two amino acids, i,e. glycine and alanine. What are the structures
of two possible dipeptides that they can form?

12. What are essential and non-essential amino acids? Give one example of
each type.

13. Name four type of intermolecular forces which stabilize 2° and 3° structure
of proteins.

[Hint : Hydrogen bonds, disulphide linkages, vander Waals and electrostatic
forces of attraction.]

14. Classify the following as globular or fibrous proteins.

(i) Keratin (ii) Myosin

(iii) Insulin (iv) Haemoglobin.

15. What do you understand by

(a) denaturation of protein (b) specificity of an enzyme.

16. On electrolysis in acidic solution, amino acids migrate towards cathode
while in alkaline solution they migrate towards anode. Explain why?

[Hint : In acidic solution, COO– group of zwitter ion formed from -amino
acid is protonated and NH3

+ groups is left unchanged while in basic solution
deprotonation converts NH3

+ to NH2 and COO– is left unchanged.]

17. (i) Name the disease caused by deficiency of vitamin D.

(ii) Why cannot vitamin C be stored in our body?

18. Define the terms hypervitaminosis and avitaminosis.

[Hint : Excess intake of vitamin A and D causes hypervitaminosis while
multiple deficiencies caused by lack of more than one vitamins are called
avitaminosis]
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19. Explain what is meant by :

(i) a peptide linkage (ii) a glycosidic linkage?

[Hint : (i) Peptide linkage refers to the –CONH– linkage formed by reaction
between –COOH group of one amino acid with –NH2 group of the other
amino acid.

(ii) Glycosidic linkage refers to –C–O–C– linkage between two sugars
formed by loss of H2O.]

20. Give the sources of vitamin A and E and name the deficiency diseases
resulting from lack of vitamin A and E in the diet.

21. What are the main functions of DNA and RNA in human body.

SA(II) TYPE QUESTIONS (3 - MARK QUESTIONS)

1. How are carbohydrate classified?
2. (i) Name four bases present in DNA.

(ii) Which of them is not present in RNA.
(iii) Give the structure of a nucleotide of DNA.

3. Differentiate between the following :
(i) secondary and tertiary structure of protein.
(ii) -Helix and -pleated sheet structure of protein.
(iii) fibrous and globular proteins.
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Unit - 15

POLYMERS

Points to Remember
1. Polymers are defined as high molecular mass macromolecules which consist

of repeating structural units derived from the appropriate monomers.

2. In presence of an organic peroxide initiator, the alkenes and their derivatives
undergo addition polymerisation or chain growth polymerisation through a
free radical mechanism. Polythene, teflon, orlon etc. are formed by addition
polymerisation of an appropriate alkene or its derivative.

3. Condensation polymerisation reactions are shown by the addition of bi or
poly functional monomers containing –NH2, –OH and –COOH groups. This
type of polymerisation proceeds through the elimination of certain simple
molecules such as H2O, NH3, HCl etc.

4. Formaldehyde reacts with phenol and melamine to form the corresponding
condensation polymer products. The condensation polymerisation
progresses through step by step and is also called step growth polymerisation.

5. Nylon, bakelite and dacron are some of the important examples of
condensation polymers.

6. A condensation of two different unsaturated monomers exhibits
copolymerisation. A copolymer like Buna-S contains multiple units of 1,
3- butadiene and styrene.

7. Natural rubber is cis-1,4-polyisoprene. It can be made more tough by the
process of vulcanization with sulphur.

8. Synthetic rubbers like Buna-N are usually obtained by copolymerisation of
alkene and 1,3-Butadiene derivatives.

9. In view of potential environmental hazards of synthetic polymeric wastes,
certain biodegradable polymers such as PHBV and Nylon-2-Nylon-6 are
developed as alternatives.
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10. Plastic is a polymer which is readily deformable and can be moulded into
any shape. Some substances like dimethyl phthalates, tripenylphosphate,
camphor etc. when added to a plastic will improve its workability, are
known as platicizers.

11. In vinylic polymerisation it is observed that many other reactions of free
radicals with some other compounds are likely to occur. These reactions
interrupt the growth of original chain leads to lowering of average molecular
mass of polymer. Such reagents are called chain-transfer agents, e.g.,
CCl4, ethylbenzene etc.

QUESTIONS

VSA TYPE QUESTIONS (1 - MARK QUESTIONS)

1. Define the term copolymer.

2. Identify homopolymer from the following examples Nylon-66, Nylon-6,
Nylon- 2-Nylon-6.

3. Give example of a natural polyamide which is an important constituent of diet.

[Hint : Proteins]

4. Classify polythene and bakelite as thermosetting plastics or thermoplastics.

5. Among fibres, elastomers and thermosetting polymers, which one has
strongest intermolecular forces of attraction?

6. Why is bakelite called a thermosetting polymer.

7. Give the monomers of bakelite.

8. Identify the monomer in the following polymeric structure.

9. Nylon-2-Nylon-6 is a biodegradable polymer obtained from glycine,
H2N–CH2–COOH and aminocaproic acid, H2N–(CH2)5–COOH. Write the
structure of this polymer.

10. Give two uses of teflon.
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11. Name the polymer used for making insulation material for coating copper
wire. [Hint : PVC].

12. Write the name and structure of monomer of the polymer which is used as
synthetic wool.

13. How is vulcanized rubber obtained ?

14. Name the polymer used for making radio television cabinets and feeding
bottles of children.

15. What do the digits 6 and 66 represent in the names nylon-6 and
nylon-66?

16. Write the full form of PHBV.

17. Which of the following sets has all polymers capable of repeatedly softening
on heating and hardening on cooling?

(i) glyptal, melamine, PAN.

(ii) PVC, polystyrene, polythene.

(iii) polypropylene, urea formaldehyde resin, teflon.

*18. Why benzoyl peroxide is used as an initiator for chain growth polymerisation?

[Hint : It easily generates free radicals required for initiation of reaction.]

SA (I) TYPE QUESTIONS (2 - MARK QUESTIONS)

1. Give the structure of monomer of neoprene. What is the advantage of
neoprene over the natural rubber?

2. Classify the following as homopolymer or copolymer. Also classify them as
addition or condensation polymers.

(i) –(NH CH (R) CO)n–

(ii)

3. Give the mechanism of polymerisation of ethene to polythene in presence
of benzoyl peroxide.

4. Complete the following reactions :
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5. (i) What is the difference between step growth polymer and chain growth
polymer?

(ii) Give one example of each type.

6. Why should one always use purest monomer in free radical polymerisation?

[Hint : Because even traces of impurities will acts as chain transfer agents
(or inhibitors).]

7. How can you differentiate between thermosetting and thermoplastic polymers ?

8. Mention the type of intermolecular forces present in nylon-66. What
properties do they impart to nylon?

[Hint : Strong intermolecular forces of attraction like Hydrogen bonding.
This results in close packing of chains and thus impart crystalline nature
to the fibres.]

9. What is the difference between linear chain and branched chain polymers?
Explain giving examples.

10. Identify the polymer whose structure are given and mention one of their
important use.

(i) [– CO–(CH2)5–NH ]–n

(ii)

11. Arrange the following polymers in the order of increasing intermolecular
forces :

(i) nylon-6,6, buna-S, polythene.

(ii) nylon-6, neoprene, polyvinylchloride

12. Write the expanded form and give the structures of monomers for the
following polymers:
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(i) PAN (ii) PTFE

13. Novolac is the linear polymer which on heating with formaldehyde forms
cross-linked bakelite. Write the structures of monomers and the polymer
novolac. Also give one use of Novolac.

14. Write the structure of following polymers and also give their main uses :

(a) Polystyrene (ii) Melamine-Formaldehyde resin.

15. Identify the polymers used in the manufacture of paints and lacquers.
Write the structure of the polymer and its monomers.

16. Can a copolymer be formed by both addition and condensation
polymerisation? Explain with the help of examples.

17. What is the difference between an elastomer and a fibre? Give one example
of each.

18. Write the structure of the monomers used in the synthesis of :

(i) Nylon-6 (ii) Nylon-6, 6

SA (II) TYPE QUESTIONS (3 - MARK QUESTIONS)
1. Differentiate between the following pairs :

(i) branched chain polymers and cross linked polymers.

(ii) thermoplastic and thermosetting polymers.

(iii) chain growth and step growth polymerisation.

2. List two uses each of the following polymers :

(i) Nylon-2-Nylon-6. (ii) urea-formaldehyde resin

(iii) glyptal

3. (i) What is meant by biodegradabhle polymers?

(ii) A biodegradable polymer is used in speciality packaging, orthopaedic
devices and in controlled release of drugs. Identify the polymer and
give its structure.

4. Write the name and formula of the following polymers.

(a) Nylon 6, 6 (b) Nylon 6

(c) PHBV (d) Terylene

(e) Buna–S (f) Bakelite
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Unit - 16

CHEMISTRY IN EVERYDAY LIFE

Points to Remember
1. A drug is a chemical agent which affects human metabolism and provides

cure from ailment. If taken in doses higher than recommended, these may
have poisonous effect.

2. Use of chemicals for therapeutic effect is called chemotherapy.

3. Drugs usually interact with biological macromolecules such as
carbohydrates, proteins, lipids and nucleic acids. These are called target
molecules.

4. Drugs are designed to interact with specific targets so that these have the
least chance of affecting other targets. This minimises the side effects and
localises the action of the drug.

5. Drugs like analgesics, antibiotics, antiseptics, disinfectants, antacids and
tranquilizers have specific pharmacological functions.

6. Antifertility drugs are used to control population. These contain a mixture
of synthetic estrogen and progesterone derivatives.

7. Chemicals are added to food for preservation, enhancing their appeal and
adding nutritive value in them.

8. Artificial sweetening agents like aspartame, saccharin etc. are of great
value to diabetic persons and people who need to control their calories.

9. These days detergents get preference over soaps because they work even
in hard water.

10. Synthetic detergents are classified into three main categories namely
anionic, cationic and non-ionic.

11. Detergents with straight chain of hydrocarbons are preferred over branched
chain as the latter are non-biodegradable and consequently cause
environmental pollution.

12. The unbranched hydrocarbon side chains of the detergent molecule are
prone to attack by bacteria, so the detergents are bio-degradable and
pollution is prevented.
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13. Antioxidant compounds retard the action of oxygen on food thus reducing
its speed of decomposition by oxidation.

For example :

(i) BHT (Butylated hydroxy toluene)

(ii) BHA (Butylated hydroxy anisole)

VSA QUESTIONS (1 - MARK QUESTIONS)
1. Write the formula and IUPAC name of aspirin.

[Hint :

 [IUPAC name : 2-Acetoxybenzoic acid.]

2. Name two types of the drugs classified on the basis of pharmacological
effect.

3. What is the role of bithional in toilet soaps?

4. Why is sodium benzoate added to packed containers of jams and pickles?

5. Name the type of drugs having following structural formula :

 [Hint : Sulpha Drugs].

6. Why do the receptors embedded in cell membrances show selectivity for
one chemical messenger over the other?

[Hint : The active site of receptor has specific shape and specific functional
groups which can bind only specific messenger which fits in]

7. With reference to which classification has the statement ‘ranitidine is an
antacid’ been given?

[Hint : Classification based on pharmacological effect.]

8. Give the name of medicine used for the treatment of syphilis.
[Hint : Salvarsan].

9. Give the composition of tincture of iodine.
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10. How does aspirin act as analgesic?

[Hint : Aspirin inhibits the synthesis of prostaglandins which cause pain.]

11. Name the antiseptic agents present in dettol.

[Hint : Chloroxylenol and Terpineol].

12. What precaution should be taken before administrating penicillin to a patient?

[Hint : To confirm beforehand that the patient is not allergic to penicilin.]

13. Explain why aspirin finds use in prevention of heart attacks?

[Hint : Due to anti blood clotting activity.]

14. Mention one use of drug meprobamate.

[Hint : Antidepressant drug.]

15. Name the derivative of sucrose which tastes like sugar and can be safely
used by weight conscious people.

16. Why synthetic detergents are preferred over soaps for use in washing
machines?

[Hint : They work well even with hard water.]

*17. How is acidity cured with cimetidine?

[Hint. : Cimetidine prevents the interaction of histamines with the receptors
present in stomach wall.]

*18. While antacids and antiallergic drugs interfere with the function of histamines,
why do these not interfere with the function of each other?

[Hint. : Antacids and antiallergic drugs bind to the different receptor sites.
Therefore, they do not interfere with the function of each other).

19. Which of the following two compounds can be used as a surface agent
and why?

[Hint : Compound (i) acts as a surface agent because its one end is
hydrophobic while the other end is hydrophillic in nature.]
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20. What type of drug is chloramphenicol?

21. Name a chemical used as an antiseptic as well as disinfectant.

22. Give two examples of antidepressants.

23. Name are antioxidant commonly used to increase the storage of butter.

24. Name one antioxidant used in wine and beers.

SA (I) TYPE QUESTIONS (2 - MARK QUESTIONS)
1. What are antihistamines. Give two examples.

2. What are narcotic and non-narcotic analgesics? Give one example of each.

3. Explain the following terms as used in medicinal chemistry :

(i) target molecules (ii) enzyme inhibitors.

4. Give one important use of each of following :

(i) Equanil (ii) Morphine

5. What are neurologically active drugs. Give two examples.

6. (i) What are antibiotics?

(ii) What is meant by the term broad spectrum antibiotic?

7. From the given examples : ciprofloxacin, phenelzine, morphine, ranitidine.
Choose the drug used for

(i) treating allergic conditions (ii)   to get relief from pain

8. Why a drug should not be taken without consulting a doctor? Give two
reasons.

9. State the main difference between bacteriostatic and bacteriocidal antibiotics.
Give one example of each.

10. What are antifertility drugs? Name the constituents of an oral contraceptive.

11. What do you mean by non-biodegradable detergents? How can we make
biodegradable detergents?

*12.  If water contains dissolved calcium hydrogencarbonate, which out of soap
and detergent, will you prefer to use? Why?
[Hint : We will use detergent because it will not form insoluble precipitate
with Ca2+]

*13. What are barbiturates? What is the action of barbiturates on human body?
[Hint : Barbaturic acid derivatives are called barbiturates. They are highly
effective pain relieving agents.]
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*14. Write the structures of soaps obtained by the hydrolysis of following fats:

(i) (C15H31 COO)3 C3H5 Glyceryl palmitate

(ii) (C17H33 COO)3 C3H5 Glyceryl oleate.

[Hint : (i) C15H31COO–Na+ (ii) C17H33COO–Na+]

SA (II) TYPE QUESTIONS (3 - MARK QUESTIONS)

1. (i) Why are artificial sweeting agents harmless when taken?

(ii) Name one such artificial sweeting agent.

(iii) Why is the use of aspartame as an artificial sweetener limited to cold
foods?

2. Pick out the odd one amongst the following on the basis of their medicinal
properties. Give suitable reason.

(i) Luminal, seconal, terfenadine, equanil.

(ii) Chloroxylenol, phenol, chloamphenicol, bithional.

(iii) Sucralose, aspartame, alitame, sodium benzoate.

[Hint :

(i) Terfenadine is antihistamine other three are used as tranquilisers.

(ii) Chloramphenicol is a broad spectrum antibiotic. Other three have
antiseptic properties.

(iii) Sodium benzoate is a food preservative. Other three are artificial
sweetners.]

3. Give the main function of following in the body of human beings.

(i) enzymes

(ii) receptor proteins

(iii) neurotransmitter

4. Identify the class of drug :

(i) phenelzine (pardin)

(ii) aspirin

(iii) cimetidine
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5. Give the pharmacological function of the following type of drugs:

(i) analgesics

(ii) tranquilizers

(iii) antifertility drugs

6. Give the name of medicine used in the treatments of following diseases:

(i) typhoid

(ii) joint pain (in Arthritis)

(iii) hypertension

7. Give the class of drugs to which these substances belong :

(i) bithional

(ii) amoxycillin

(iii) salvarsan

8. How are antiseptics different from disinfectants? How does an antibiotic
different from these two? Give one example of each of them.

9. Explain the following terms with suitable examples :

(i) cationic detergents

(ii) anionic detergents

(iii) nonionic detergents

*10. Label hydrophilic and hydrophobic part in the following compounds :

(i) CH3(CH2)10CH2OSO3
– Na+

(ii) CH3(CH2)15N
+(CH3)3 Br–

(iii) CH3(CH2)16COO (CH2CH2O)n CH2CH2OH

[Hint : (i) 
3 2 10 2CH (CH ) CH

hydrophobic  
+

3OSO Na
hydrophilic

(ii) 
3 2 15CH (CH )

hydrophobic  
+ –

3 3N  (CH )  Br
hydrophilic
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(iii) 
3 2 16CH (CH )

hydrophobic  2 2 4 2 2COO (CH CH O)  CH CH OH
hydrophobic

*11. Classify the following as cationic detergents, anionic detergents or nonionic
detergents:

(i) CH3(CH2)10 CH2 OSO3
– Na+

(ii) [CH3 – (CH2)15 N(CH3)3]
+ Br–

(iii)

[Hint : (i) anionic detergent. (ii) cationic detergent.

(iii) nonionic detergent.

*12. How do enzyme inhibitors work? Distinguish between competitive and non-
competitive enzyme inhibitors.

[Hint : An enzyme inhibitor either blocks the active site of enzyme or
changes the shape of the active site by binding at an allosteric site. They
are of two types.

(i) Competitive enzyme inhibitor – It competes with natural substance
for their attachment on the active sites of enzymes.

(ii) Non-competitive enzyme inhibitor binds at allosteric site and changes
the shape of the active site in such a way that the substrate can not
recognise it.]
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SOME IMPORTANT REASONING BASED
QUESTIONS OF ORGANIC CHEMISTRY

1. Chlorobenzene is less reactive than chloromethane.

Ans. In chlorobenzene, each carbon atom of benzenering is sp2 hyridised and
is electron withdrawing. Chlorine atom donates a lone pair of electron and
acquire positive charge. The negative charge is delocalised on ortho and
para position by resonance.

C-Cl bond acquires partial double bond character and is 169 pm as
compared to 17.0 pm in chloromethane where C atom is sp3 hybridised.
So larger amount of energy is required to break C-Cl bond in chlorobenzene
and therefore is less reactive than haloalkane towards nucleophilic
substitution reaction.

2. Haloalkanes react with KCN to form alkyl cyanide as main product while
AgCN form isocyonide.

Ans. KCN is, predominantly ionic compound and provide cyanide ion C N: 
 

in solution. The attack mainly takes place through lone pair of electron on
carbon atom due to high electron density and not through nitrogen atom

since C-C bond is more stable than C-N bond. AgCN: is mainly a covalent
compound therefore, nitrogen donates electron pair forming isocyanide as
the main product.

3. Grignard Reagent is prepared under anhydrous conditions.

Ans. In Grignard Reagent, the carbon-magnesium covalent bond is highly polar
with carbon atom of alkyl or aryl group withdrawing electrons from
electropositive magnesium and magnesium halogen bond is also ionic

 –
R – Mg – X . So Grignard reagent is highly reactive, and react with any
source of proton to give hydrocarbons.
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R – Mg – X + H2O RH + Mg(OH)X

4. Wurtz Reaction is carried in dry ether.

Ans. dry other
3 3 3CH Br 2Na Br CH CH 2NaBr   

Sodium metal is sensitive towards air and moisture forming :

2 24Na O 2Na O 

2 22Na 2H O 2NaOH H  

So reaction is carried in dry ether to avoid air and moisture.

5. SN1 reactions are favoured in protic solvent.

Ans. It involves C-X bond breakage for which the energy required is obtained
through solvation of halide ion with the protons of protic solvent like H2O,
alcohol etc.

6. Tertiary halides donot undergo SN2 mechanism.

Ans. In SN2 reaction, the nucleophile attacks to the carbon atom from the
opposite side of halide atom. Three alkyl groups cause a steric hinderance
to the approach of nucleophile.

7. Phenol is acidic in nature.

In phenol each atom of benzene ring is sp2 hybridised and is electron
withdrawing. Oxygen atom donates a pair of electron to the ring and acquire
positive charge which facilitate the donate ion of proton.

The Phenoxide ion (conjugate base) is stabilised by resonance (PKa).

––

O–

8. Which is more acidic, p-nitrophenol or phenol? Explain why?

Ans. p-nitrophenol is more acidic. Any electron withdrawing group like NO 2
withdraws the electron density away from oxygen atom of phenoxide ion
and this results in further delocalisation of negative charge and stabilisation
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of phenoxide ion. Hence, electron withdrawing groups favour the ionisation
of subsituted phenol to give more and more of H+ ions.

9. Cresol (C6H5OCH3) is less acidic than phenol.

Ans. Cresol is less acidic than phenol. Any electron releasing group like - CH3,
releases the electron density over oxygen atom and destabilises it resulting
in decrease in ionisation of cresol. So cresol is less acidic than phenol.

10. Ethers are insoluble in water.

Ans. Ethers cannot form Hydrogen bonds with water because it is less polar than
water and cannot break hydrogen bonds formed between H2O molecules.

11. Boiling points of ethers are lower than isomeric alcohols.

Ans. Boiling points of ethers are lower than isomeric alcohols due to lack of
intermolecular  hydrogen bonding in ethers whereas alcohol molecules are
associated through strong hydrogen bonds.

12. Ethers are polar in nature even if both alkyl groups are identical.

Ans. Ethers have non-linear structure. Each of the two C-O bonds are polar. Net
dipole moment is the vector sum of dipole moments of both the bond
dipoles.

13. o-nitrophenol is steam volatile while p-nitrophenol is not.

o-nitrophenol is steam volatile due to intramolecular hydrogen bonding
while p-nitrophenol is less volatile due to intermolecular hydrogen bonding.

14. Phenyl methyl ether reacts with HI to form phenol and methyl iodide not
iodobenzene and methanol.
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(a) In phenyl methyl ether, the carbon atoms of phenyl group are sp2

hybridised and there is a partial double bond character in phenyl
carbon-oxygen bond. Hence, C6H5–O bond is stronger than CH3–O.
Therefore, the attack of I– on the alkyl carbon of C6H5–O–H3C occurs
and breaks the CH3–O-bond to form phenol and iodomethane.

(b) Benzene ring offers a steric hinderance to I- to attack at C6H5–O
bond.

15. Aldehydes are more reactive towards nucleophiles than ketones.

(a) Sterically, the presence of two large substituents in ketones hinders
the approach of nucleophile to carbonyl carbon as compared with
aldehydes having only one such substituent.

(b) The two alkyl groups in ketones are electron releasing and release
the electron density over carbonyl carbon, thus reduces the
electrophilicity of carbonyl carbon more effectively than in aldehyde
which has only one alkyl group.

 16. Cyclohexanone forms cyanohydrin in good yield but 2,2,6-trimethyl
cyclohexanone does not.

Ans.

+ –

+ –

(a) The three methyl groups are electron releasing and increase the
electron density over carbonyl carbon atom thus reduces its
electrophilicity.

(b) Three methyl groups causes steric hinderance to nucleophilic attack
the carbonyl carbon of >C=group.

17. There are two - NH2 groups in semicorbazide but only one is involved in
the formation of semicorbozones.

Ans. >C = O + H2 N NHCONH2 >C=NNHCONH2

The lone pair of electrons on NH2 nearer to is delocalised over
oxygen atom and therefore, this –NH2 group is not available as mucleophile
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 H N – C = N – NH2 2

O–

+  The NH2

group not involved in resonance, will act as a nucleophile.

18. During the preparation of an ester from a carboxylic acid and an alcohol
in the presence of an acid catalyst, ester is removed as fast as it is formed.

Ans. H1 1
2RCO OH H OR RCOOR H O



 

Both esterification and hydrolysis of ester are catalysed by acid, the reaction
is reversible and an equilibrium is established, so ester or water is removed
to favour the forward reaction, as per Le Chatelier’s principle.

19. pKa of chloroacetic acid is less than that of acetic acid or chloroacetic acid
is a stronger acid than acetic acid.

Ans.

+ H+

Any electron releasing group like CH3 increases the electron density over
carboxylate anion (–COO–). The stability of the conjugate base is reduced
and hence, H+ cannot be donated easily. Thus, it decreases the acid
strength of carboxylic acid.

Any electron withdrawing group like Cl, F, NO2 etc. withdraws the electron
density away from COO– and spreads it and thus stabilises the carboxylate
ion by delocalisation of negative charge. Thus, it increases the acid strength
of carboxylic acid.

20. Amines are higher boiling compounds than hydrocarbons but lower boiling
than alcohols of comparable molecular masses.

Ans. Boiling points of amines and alcohols are higher than those of hydrocarbons
of comparable molecular masses due to intermolecular hydrogen bonding
in amines and alcohols.
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Hydrogen bonds in amines are weaker than those present in alcohols. This
is because oxygen is more electronegative than nitrogen, so boiling points
of amines are lower than those of alcohols of comparable molecular masses.
The intermolecular forces in hydrocarbons are weak van der Waals forces
due to which hydrocarbons have lower boiling points than amines or
alcohols.

21. Boiling point of isomeric tertiary amines are lower than those of primary
amines.

Ans. Boiling points of isomeric tertiary amines are lower than those of primary
amines due to the lack of intermolecular hydrogen bonding which exists in
primary amines.

22. Observed Kb order is :

(C2H5)2NH<(C2H5)3N<C2H5NH2<NH3

(CH3)2NH>CH3NH2>(CH3)N>NH3

Ans. (a) In gaseous phase, where solvent factor is missing, larger the number
of electron releasing groups, more basic is the amine (positive
inductive effect) as they release the electron cloud over N-atom and
lone pair of electrons can be donated easily. The Kb order should be:

teritary amine > secondary amine > primary amine.

(b) In aqueous phase, the substituted ammonium cations get stabilised
not only by electrons releasing effect of alkyl groups (+I) but also by
solvation with water molecules via hydrogen bonding. In case the
alkyl group is bigger than CH3 group, there will be steric hinderance
to H–bonding resulting in less stabilisation of substituted ammonium
cation.

Combining these factors (i) Inductive effect stabilisation of substituted
ammonium cations via H-bonding. (ii) steric hinderance of bigger
alkyl group to H-bonding. The order of basic strength is as given
above.

23. Aniline is a weaker base than CH3NH2.

Ans. In aniline, each C-atom of benzene ring is sp2 hybridised and is electron
withdrawing. Nitrogen atom donates a lone pair of electrons to the ring and
acquire (+) charge. The negative charge is delocalised on ortho and para
position by resonance.
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So due to delocalisation, the lone pair of electrons on benzene ring is not
available for donation and therefore, aniline is w eaker base than C H 3NH2
where CH3 is an electron releasing group and increases electron availability
on N-atom which can be donated easily.

24. Methylamine in water react with ferric chloride to precipitate hydrated ferric
oxide.

Ans. Methylamine in water behaves as a base to form OH- ions which react with
FeCl3 to form hydrated ferric oxide.

+

+

–+ –

– –

+

25. –NH2 is ortho and para directing in aromatic electrophilic substitution
reactions but aniline on nitration give a substantial amount of meta-nitro
aniline.

Ans.

In strongly acidic medium aniline is protonated to form anilinium ion

NH3

+

in which –NH3 group
+

 acts as meta directing.

+

+

+
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26. Aniline does not undergo Friedel–Craft reaction.

Ans. Aniline does not undergo Friedel-Craft reaction due salt formation with
aluminium chloride, the Lewis acid, which is used as catalyst. Due to this,
N-atom of aniline acquires positive charge and hence, it acts as strong de-
activating group for further reaction.

27. Aromatic primary amines cannot be prepared by Gabriel’s phthalamide
synthesis.

Ans. Aryl halides do not undergo nucleophilic substitution reaction with the anion
formed by phthalamide because of partial double bond character of C—X
bond of aryl halide.

28. Although chlorine atom is an electron withdrawing group yet it is ortho and
para directing in electrophilic aromatic substitution reactions.

Ans. Please see Page 306, NCERT Part II.

29. Phenoxide ion has more number of resonating structure than carboxylate
ion but carboxylic acid is a stronger acid than phenol.

Ans. The phenoxide ion has non-equivalent resonance structures in which
negative charge is at less electronegative carbon atom of phenoxide ion.
The carboxalate ion has two equivalent resonance structures in which
negative charge is more effectively delocalised over two electronegative
oxygen atoms. In phenoxide ion, the negative charge is less effectively
delocalised over one oxygen atom and less electronegative carbon atom
of phenoxide ion. Thus, the carboxylate ion is more stabilised than phenoxide
ion. Therefore, carboxylic acids are more acidic than phenols.
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Reagent

Reagent

1° 2° 3°

Lucas Test is based on Kinetics of the reaction. 3° alcohols react at the fastest rate.

(3º alcohol)

(2º alcohol)

(1º alcohol)
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(CHI )3

(yellow ppt.)

s p

;

6.

+3Br
–3HBr

and heat

( (

;

and heat

and heat

[Fe(C H O) ]  + 3Cl6
3– –

6 5

(Violet colour)

CH –CH(OH)CH33
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(CHI )3

(

and heat

+



187 [XII –  Chemistry]

Twinklegraphics*chemistry-XII 2013 # Question Organic Chemistry *3rd

(CHI )3

of Cu O2

(CHI )3

HCOOH

(a (

and heat (CHI )3

( acetic acidformic
acid

(aq)

COONa
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C H SO Cl + H NC H6 5 2 2 6 5
OH

–

C H SO — NHC H6 5 2 6 5
NaOH C H SO – N Na6 5 2 

C H6 5

( (

+ –
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of Cu O2

(Ag)

Methylamine (CH NH23 )Aniline

+ heat
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MOST FREQUENTLY ASKED REASONING
BASED AND DISTINCTION BASED

QUESTIONS IN ORGANIC CHEMISTRY

1. Haloarenes are less reactive than haloalkanes. Give two reasons.

2. KCN reacts with haloalkanes to form alkyl cyanide as a main product while
AgCN forms isocynamide as main product.

3. Although chlorine is an electron withdrawing group, yet is ortho and para-
directing in electrophilic aromatic substitution reactions.

4. The presence of an electron withdrawing like NO 2 at ortho and para-
positions increases the reactivity of haloarenes.

5. A SN2 reaction proceeds with complete stereo-chemical inversion while
SN1 reaction proceeds with racemisation.

6. Wurtz reaction is carried out in dry ethereal medium.

7. Grignard reagent should be prepared under anhydrous conditions.

8. tert-Butyl chloride reacts with aqueous NaOH by SN1 mechanism while
n-Butyl chloride reacts with SN2 mechanism.

9. SN1 reactions are favoured in protic solvent.

10. Phenol is acidic in nature.

11. p-nitrophenol is more acidic than phenol.

12. p-cresol is less acidic than phenol.

13. Boiling point of ethers are lower than isomeric alcohols.

14. Ethers having two identical alkyl groups are polar in nature.

15. o-nitrophenol is steam volatile while p-nitrophenol is not.

16. Phenyl methyl ether reacts with HI to form phenol and methyl iodide and
not iodibenzene and methanol.
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17. Aldehydes are more reactive than ketones towards nucleophilic attack.

18. Cyclohexanone form cyanohydrin in good  yield but 2,2,6-trimethleylo-
hexanone does not.

19. There are two –NH2 groups in semicasbazide  (H2N NH CONH2) but only
one is involved in the formation of semicarbazones.

20. Although phenoxide ion (C6H5O
–) has more number of resonaling structure

than carboxylate ion, carboxylic acids is a stronger acid than phenol.

21. pKa of acetic acid is more than that of chloroacetic acid.

22. 4-Nitrobenzoic acid is stronger acid than benzoic acid but 4-methoxybezoic
acid is weaker acid than benzoic acid.

23. Formic acid is stronger acid than benzoic acid.

24. FCH2COOH is stronger acid than ClCH2COOH.

25. Aniline is weaker base than cylohexylamine or an alkylamine.

26. CH3 NH2 or RNH2 reacts with aq. FeCl3 to precipitate hydrated ferric oxide
(Fe2O3 xH2O).

27. NH2 group is ortho - and para - directing in aromatic electrophilic substitution
reaction but aniline on nitration gives substantial amount of m-nitroaniline.

28. Aniline like phenol does not undergo Friedel-Crafts reaction.

29. Aromatic amines cannot be prepared by Gabriel’s phthalimide synthesis

30. CH3NH2 or CH3CH2NH2 is soluble in water but aniline is not.

31. The decreasing order of basic strength in gas phase is (C2H5)3N >
(C2H5)2NH > C2H5NH2 but in aqueous  medium the correct decreasing
order is (C2H5)2NH > (C2H5)3N > C2H5NH2

32. The decreasing order of basic strength in aqueous medium is (CH3)2NH >
CH3NH2 > (CH3)3N

33. pKb of aniline is more than that of methylamine.

34. CH3NH2 has more boiling point than (CH3)3N but has less boiling point
than CH3OH.
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Distinction - Based Questions
1. Chloroethane and Chlorobezene

2. Cyclohexyl Chloride and Chlorobenzene

3. Benzyl Chloride and Chlorobenzene

4. Allyl Chloride and Vinyl chloride.

5. Primary, secondary and tertiary alcohols.

6. Ethyl alcohol (ethanol) and isopropyl alcohol (propan-2-ol)

7. Isopropyl alcohol and tert-butyl alcohol.

8. Phenol and ethyl alcohol.

9. Phenol and cyclohexyl alcohol.

10. Acetaldehyble and acetone.

11. Formaldehyde and acetaldehyde

12. Ethanal and benzaldehyde

13. Acetophenone and benzophenone

14. Pentan-2-one and penton-3-one

15. Formic acid and formadehyde.

16. Formic acid and acetic acid.

17. Acetone and acetic acid.

18. Primary, secondary and tertiary amines.

19. Methylamine and dimethylamine

20. Dimethylamine and trimethylamine

21. Aniline and cyclohexylamine

22. Aniline and benzylamine

23. Phenol and aniline.

24. Acetone and acetic acid

25. Acetic acid and ethylacetate

26. Methylacetate and ethylacetate

27. Phenol and acetic acid.
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‘SOLVED PRACTICE PAPER’
WITH MARKING SCHEME

Chemistry (Theory)
General Instruction :

(i) All questions are compulsory.

(ii) Questions numbers 1 to 8 are very short-answer questions and carry 1
mark each.

(iii) Questions numbers 9 to 18 are short-answer questions and carry 2 marks
each.

(iv) Question numbers 19 to 27 are also short-answer questions and carry 3
marks each.

(v) Question numbers 28 to 30 are long-answer questions and carry 5 marks
each.

(vi) Use Log Tables, if necessary. Use of calculators is not allowed.

1. How many atoms constitute one unit cell of a face-centered cubic crystal?
1

2. Name the method used for the refining of Nickel metal. 1

3. What is the covalency of nitrogen in N2O5? 1

4. Write the IUPAC name of CH3 –CH – CH2 – CH = CH2 1
 |

Cl

5. What happens when CH3–Br is treated with KCN ? 1

6. Write the structure of 3-methylbutanal. 1

7. Arrange the following in increasing order of their basic strength in aqueous
solution.

CH3NH2, (CH3)3N, (CH3)2NH

8. What are three types of RNA molecules which perform different functions? 1
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9. 18 g of glucose, C6H12O6 (Molar Mass = 180 g mol–1) is dissolved in 1 kg
of water in a sauce pan. At what temperature will this solution boil? 2

(Kb for water = 0.52 K kg mol–1, boiling point of pure water = 373.15 K)

10. The conductivity of 0.20 M solution of KCl at 298 K is 0.025 S cm–1.
Calculate its molar conductivity.

11. Write dispersed phase and dispersion medium of the following colloidal
systems : 2

(i) Smoke

(ii) Milk

OR

What are lyophilic and lyophobic colloids ? Which of these sols can be
easily coagulated on the addition of small amounts of electrolytes?

12. Write the differences between physisorption with respect to the following : 2

(i) Specificity

(ii) Temperature dependence.

(iii) Reversibility and

(iv) Enthalpy change

13. (a) Which solution is used for the leaching of silver metal in the presence
of air in the metallurgy of silver ? 2

(b) Out of C and CO, which is a better reducing agent at the lower
temperature range in the blast furnace to extract iron from the oxide
ore ? 2

14. (i) PCl5 is heated ? 2

(ii) H3PO3 is heated ?

Write the reactions involved.

15. (a) Which metal in the first transition series (3d series) exhibits +1
oxidation state most frequently and why ?

(b) Which of the following cations are coloured in aqueous solutions
and why ? 2
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Sc3+, V3+, Ti4+, Mn2+

(At. nos. Sc = 21, V = 23, Ti = 23, Ti = 22, Mn = 25)

16. Chlorobenzene is extremely less reactive towards a nucleophilic substitution
reaction. Give two reasons for the same. 2

17. Explain the mechanism of the following reaction : 2

H
3 2 3 2 2 3 2413K2CH – CH – OH CH CH – O – CH CH H



 

18. How will you convert : 2

(i) Propene to Propan-2-ol ?

(ii) Phenol to 2,4,6-trinitrophenol ?

19. (a) What type of semiconductor is obtained when silicon is doped with
boron? 3

(b) What type of magnetism is shown in the following alignment of
magnetic moments ?

    

(c) What type of point defect is produced when AgCl is doped with CdCl2?

20. Determine the osmotic pressure of a solution prepared by dissolving 2.5 ×
10–2 g of K2SO4 in 2L of water at 25°C, assuming that it is completely
dissociated. 3

(R = 0.0821 L atm K–1 Mol–1, Molar Mass of K2SO4 = 174 g mol–1).

21. Calculate the emf of the following cell at 298 K : 3

Fe(s) | Fe2+ (0.001 M) || H+(1M) | H2(g) (1 bar), Pt (s)

(Give cellE  = + 0.44 V)

22. How would you account for the following ? 3

(i) Transition metals exhibit variable oxidation states.

(ii) Zr (Z = 40) and Hf (Z = 72) have almost identical radii.

(iii) Transition metals and their compounds act as catalyst.

OR
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Complete the following chemical equations :

(i) 2– 2+ +
2 7Cr O + 6Fe + 14H

(ii) 2– +
42CrO + 2H

(iii) – 2
4 42MnO + 5C O + 16H2

  

23. Write the IUPAC names of the following coordination compounds : 3

(i) [Cr(NH3)3Cl3]

(ii) K3 [Fe(CN)6]

(iii) [CoBr2(en)2]
+, (en = ethylenediamine)

24. Give the structures of A, B and C in the following reactions : 3

(i)
  

+ NHH O/HCuCN+ – 32C H N Cl A B C56

(ii)
 

NaNO HCSn HC 2C H NO A56 2 273 K
ll




H O/H2B C

25. Write the names and structures of monomers of the following polymers. 3

(i) Buna –5

(ii) Neoprene

(iii) Nylon-6,6

26. After watching a programme on TV about the adverse effects of junk food
and soft drinks on the health of school children, Sonali, a student of Class
XII, discussed the issue with the school principal. Principal immediately
instructed the canteen contractor to replace the fast food with the fibre and
vitamins rich food like sprouts, salad, fruits etc. This decision was welcomed
by the parents and the students. 3

After reading in above passage, answer the following questions :

(a) What values are expressed by Sonali and the Principal of the school?

(b) Give two examples of water-soluble vitamins.
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27. (a) Which one of the following is a food preservative ? 3

Equanil, Morphine, Sodium benzoate

(b) Why is bithional added to soap?

(c) Which class of drugs is used in sleeping pills ?

28. (a) A reaction is second order in A and first order in B. 5

(i) Write the differential rate equation.

(ii) How is the rate affected on increasing the concentration of A
three times ?

(iii) How is the rate affected when the concentrations of both A and
B are doubled ?

(b) A first order reaction takes 40 minutes for 30% decomposition.
Calculate t½ for this reaction.

(Give log 1.428 = 0.1548)

OR

(a) For a first order reaction, show that time required for 99% completion
is twice the time required for the completion of 90% of reaction.

(b) Rate constant ‘k’ of a reaction varies with temperature ‘T’ according
to the equation.

log K = log A 
aE 1

–
2.303R T

    

Where Ea is the activation energy. When a graph is plotted for

log k  vs 
1
T

, a straight line with a slope of – 4250 K is obtained.

Calculate ‘Ea’ for the reaction. (R = 8.314 JK–1 mol–1)

29. (a) Give reasons for the following : 5

(i) Bond enthalpy of F2 is lower than that of Cl2.

(ii) PH3 has lower boiling point than NH3.

(b) Draw the structure of the following molecules :

(i) BrF3

(ii) (HPO3)3

(iii) XeF4
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OR

(a) Account for the following :

(i) Helium is used in diving apparatus.

(ii) Fluorine does not exhibit positive oxidation state.

(iii) Oxygen shows catenation behaviour less than sulphur.

(b) Draw the structure of the following molecules.

(i) XeF2

(ii) H2S2O8

30. (a) Although phenoxide ion has more number of resonating structures
than Carboxylate ion, Carboxylic acid is a stronger acid than phenol.
Give two reasons. 5

(b) How will you bring about the following conversions ?

(i) Propanone to propane

(ii) Benzoyl chloride to benzaldehyde

(iii) Ethanal to but-2-enal

OR

(a) Complete the following reactions :

(i) 2 H – C – H

O

Conc. KOH

(ii) CH3COOH 
Br /P2

CHO
HNO /H SO3 2 4

273 – 283 K

(b) Give simple chemical tests to distinguish between the following pairs
of compounds :

(i) Ethanal and propanal

(ii) Benzoic acid and Phenol
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CHEMISTRY MARKING SCHEME

Q.No. Answers Marks

1. 4 1

2. Mond Process/Vapour phase refining method 1

3. 4 1

4. 4-chloropent-1-ene 1

5. CH3CN is formed or ethanenitrile is formed. 1

6. H3C-CH(CH3)-CH2-CHO 1

7. (CH3)3N < CH3 NH2 < (CH3)2NH 1

8. mRNA, rRNA, tRNA 1

9.  Tb = iKb m; Here i = 1 ½

Tb – Tb0 = 0.52 K Kg mol–1 × –1
18g 1

1kg180 gmol
½

Tb – 373.15 K =0.05K ½

Tb = 373.202K ½

10. m = k/C ½

–1 3

m –1
0.025 S cm 1000 cm

1L0.20 mol L
   ½

m = 125 S cm2 mol–1 1

(deduct ½ mark for wrong or no unit)

11. Dispersed phase Dispersion medium

(i) Smoke Solid Gas 1
(ii) Milk Liquid liquid 1

OR

Lyophilic sols are solvent attracting sols whereas ½ + ½
Lyophobic sols are solvent repelling sols
Lyophobic sols can be easily coagulated. 1
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12.

Physisorption Chemisorption

(a) It is not very specific. It is highly specific.

(b) It is usually takes place at low It takes place at high
temperature and decreases with increasing temperature.
temperature.

(c) It is reversible It is irreversible.

(d) Low enthalpy of adsorption High enthalpy of
adsorption. ½ + ½

13. (a) NaCN solution

(b) CO 1+1

14. (i) PCl5 heatPCl3 + Cl2

(ii) heat
3 3 3 4 34H PO 3H PO PH 

15. (a) Cu, because in +1 oxidation state it has stable 3d10 configuration

(b) Mn2+, V3+: because of the presence of unpaired electrons.

16. (i) Due to resonance/diagrammatic representation, C–Cl bond acquires
a partial double bond character which is difficult to cleave.

(ii) Due to sp2 hybridisation of ‘C’ of C–Cl bond.

(iii) Due to unstable phenyl cation.

(iv) Due to repulsion between nucleophile and electron rich arenes.

(Any two)

17. (i) ½

(ii) ½

(iii) 1
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18. (i) 1

(ii) 1

19. (a) p-type semiconductor 1

(b) Ferromagnetism 1

(c) Impurity defect/cation vacancy defect. 1

20. When K2SO4 is dissolved in water, ions are produced.

Total number of ions produced = 3 ½

i = 3 ½

iCRT  i n R T   

2
1 1

1
2.5 10 g 13 0.0821 L atm K mol 298K

2L174 g mol


 




      1

35.27 10 atm   ½
(1/2 mark will be deducted for

wrong or no unit) in the answer)

21. The cell reaction :      2
2Fe(s) 2H aq Fe aq H g   

o
cellE 44.V

Nernst equation :

 

 

2
o

cell cell 2
0.059 FeE E log

2 H




 

 

 
cell 2

0.059V 0.001E 0.44V – log
2 1



 30.0590.44V log 10
2
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= 0.44 V + 0.0885 V

= 0.5285V

(1/2 mark will be deducted for
wrong or no unit in the answer)

22. (i) Due to incomplete filling of d-orbitals, transition metals show variable
oxidation states. 1

(ii) Because of Lanthanoid Contration. 1

(iii) Because of their ability to show multiple/variable oxidation stages. 1

OR

22. (i) 2 2 3 3
2 7 2Cr O 6Fe 14H 2Cr 6Fe 7H O         1

(ii) 2 2
4 2 7 22CrO 2H Cr O H O     1

(iii) 2 2
4 2 4 2 22MnO 5C O 16H 2Mn 10CO 8H O        1

23. (i) Triamminetricholridocromium(III) 1

(ii) Potassium hexacynoferrate(III) 1

(iii) Dibromidobis-(ethane-1,2-diamine) cobalt(III) 1

24. (i) A = C6H5CN B = C6H5COOH C = C6H5CONH2
½×3 = 1½

(ii) A = C6H5NH2 B = C6H5N2
+ Cl- C = C6H5-OH

½×3 = 1½

25. (i) Buna-S : 1,3-Butadiene and Styrene ½

CH2 = CH – CH = CH2 and ½

(ii) Neoprene : Chloroprene ½

(iii) Nylon-6,6 : Hexamethylene diamine and Adipic acid ½

H2H-(CH2)6-NH2 HOOC-(CH2)4-COOH ½
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26. (i) Sonali : Concerned for the society, socially active and helpful to
others. 1

Principal : Caring, commanding, concerned for the welfare of students.
1

(ii) Vitamins B and C 1

(Any other individual response with suitable justification should also be
accepted even if there is no reference to the text)

27. (a) Sodium benzoate 1×3=3

(b) To impart antiseptic properties

(c) Tranquilizers

28. (a)

(i) rate = k[A]2 [B] 1×3=3

(ii) Rate will increase 9 times of the actual rate of reaction.

(iii) Rate will increase 8 times of the actual rate of reaction

(b)
 
 

0A2.303k log
t A

 ½

min

2.303 100k log
40 70

 ½

12.303k 0.155 0.00892 min
40

   ½

1/2
0.693t

k


1/2
0.693t min

0.00892
 ½

1/2t 77.7 min

OR

28. (a) 99%
2.303 100t log

k 1
 ½

90%
2.303 100t log

k 10
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On comparison ½

t99% log 100 ½
=

t90% log 10

Hence t99% = 2 t90% 1

(b) aE
Slope

2.303R


 1

1 1
Fa4250K

2.303 8.314 JK mol 
  


1

Ea= 81375 J mol-1 or 81.375 kJ mol-1 1

29. (i) Because of smaller size of F-atom/shorter bond length, the electron
-electron repulsion among the lone pairs is greater in F2 than Cl2.

1×2=2

(ii) Due to hydrogen bonding in NH3.

(b)

(i) 1

(ii) 1



205 [XII –  Chemistry]

Twinklegraphics*chemistry-XII*2013-addition QP-1*3rd print

(iii)
Xe

F F

FF

 . .

 . .

1

OR

(a)

(i) Because of its low solubility in blood. 1×3=3

(ii) Because of its highest eletronegativity.

(iii) Because O-O single bond is weaker than S-S single bond.

(b)

(i)

F

F

X
1

(ii)

S

O O

S

OH
O O

OH

O

S
1

30. (a)

(i) Resonating structures of carboxylate ion are more stable than
phenoxide ion structures. 1
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(ii) -ve charge is dispersed on two electronegative oxygen atoms
in carboxylate ion whereas on one oxygen in phenoxide
ion. 1

(b)

(i) Zn Hg
3 3 3 2 3conc.HCICH CO CH CH CH CH
     1×3

(ii)

(iii)  
dil.NaOH

3 3 2CH –CHO CH –CH OH –CH –CHO




 

2
3H O CH –CH CH–CHO

OR

30 (a)

(i) 1

(ii) Br-CH2COOH 1

(iii)

O N2

CHO 1

(b)

(i) Ethanal and Propanal: Ethanal gives yellow ppt of Iodoform
(CHI3) on addition of NaOH/I2 whereas propanal does not give
this test. 1

(ii) Benzoic Acid and Phenol: add neutral FeCl3 to both, phenol
gives purple/violet colouration whereas benzoic acid does not
give this test or/Add NaHCO3 to both, benzoic acid will give
brisk effervescence whereas phenol does not give this test. 1
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SAMPLE QUESTION PAPER-I

Chemistry (Theory)
Time : 3 hours Total Marks : 70

General Instruction
(i) All questions are compulsory.
(ii) Question number 1 to 8 are very short answer questions, carrying 1 mark

each. Answer these in one word or about one sentence each.
(iii) Question number 9 to 18 are short answer questions, carrying 2 marks each.

Answer these in about 30 words each.
(iv) Question number 19 to 27 are short answer questions, carrying 3 marks

each. Answer these in about 40 words each.
(v) Question number 28 to 30 are long answer questions, carrying 5 marks

each. Answer these in about 70 words each.
(vi) Use log table, if necessary.
(vii) Use of calculator is not permitted.

1. A and B liquids on mixing produce a cold solution. Which type of deviation
from Raoult’s law is shown by solution?

2. Name the shape-selective catalyst used to convert alcohols directly into
gasoline.

3. What is the role of cryolite in the metallurgy of aluminum?

4. W rite the IU PA C  nam e of [C o(N H 3)5(SO4)]Br.

5. How will you distinguish between phenol and cyclohexanol by suitable
chemical test?

6. Draw the strcture of Hex-2-enoic acid.

7. Write the IUPAC name of the organic compound:

CH CH CH     N3 2 2

CH3

CH2CH3

8. Name the animal starch which is broken down by enzymes to glucose when
body needs it.
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9. A metal has a body centred cubic crystal lattice. The density of the metal is
5.91 g cm-3. Find out the volume of the unit cell..

[Given: Molar mass of metal = 50.0 g mol-1 and NA= 6.023 × 1023 mol-1]

10. Account the following:

(a) Frenkel defect is observed in silver halides.

(b) Schottky defect lowers the density of the crystal.

11. A 0.2% aqueous solution of a non-volatile solufe exerts a vapour pressure of
1.004 bar at 100°C. What is the molar mass of the solute?

12. Assuming complete ionisation, calculate the freezing point of solution prepared
by dissolving 6.0 g of Glauber’s salt, Na2SO4.10H2O.(Molar mass = 322g
mol-1) in 0.1 kg of H2O.

[Given Kf for water = 1.86 K kg mol-1]

13. List two difrferences between order of reaction and molecularity of reaction.

14. Outline the principle of refining of metals by the following methods:

(a) Zone refining

(b) Electrolytic refining

OR

How is copper extracted from copper pyrities? Write the equations of the
reactions involved.

15. Draw the structures of the following molecules.

(a) XeF2 (b) ClF3

16. Explain on the basis of VBT that diamagnetic [Ni(CN)4]
2- is square planar.

17. Identify the compounds A, B, C and D is the following sequence of reactions:

CH CH   CH CH3 2 3      

Br

Alc. KOH A
Br2 B (ii) NaNH2

C
(i) Alc. KOH

Hg /H SO2+
2 4

D
H O2

18. Give reasons for the following:

(a)  t-Butyl bromide has lower boiling point than n-butyl bromide.
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(b) The dipole moment of chlorobenzene is lower than that of cyclohexyl
chloride.

19. The rate of a reaction quadruples when the termperature changes from 293
K to 313 K. Calculate the energy of activiation of the reaction asuming that it
does not change with temperature. (R = 8.314 J mol–1 k–1).

20. Explain what happens, when:

(a) KCI, an electrolyte is added to hydrated ferric oxide solution.

(b) An electric current is passed through a colloidal solution.

(c) A beam of light is passed through a colloidal solution.

21. Complete the following equations:

(a)  2Cl NaOH Hot & conc. 

(b) 3 2KI O H O  

(c) 4 2XeF H O 

22. Arrange the following in order of the property mentioned against each:

(a) PH3, NH3, SbH3, AsH3 (Increasing basic strength)

(b) H2O, H2S, H2Se, H2Te (Increasing bond angle)

(c) HClO4, HClO3, HClO2, HClO (Increasing oxisidsing ability)

23. PHBV (Poly--hydroxybutyrate-CO-hydroxyvalerate) is biodegradable
polymer. It is a co-polymer of 3-hydroxybutanoic acid and 3-hydroxypentanoic
acid.

(a) How PHBV has found utility in medicines as capsule?

(b) Write the name of polymer used in artificial limb popularly  known as
jaipur foot.

(c) Write the values associated with the use of PHBV.

OR

Write the monomers of following polymers and mention one use of each
polymer.
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(a) PAN

(b) Nylon-6,6

(c) Glyptal

24. Give the pharmacological functions of the following type of drugs:

(a) Analgesics (b) Tranquilizers (c) Antifertility drugs

25. (a) What happens when D-glucose is treated with the following
reagents?Write chemical equations of the reactions involved.

(i) HI (ii) Acetic anhydride

(b The glucose is correctly named as D-(+)- glocuse. What are
reqpresented by the letter ‘D’ and sign (+)?

26. (a) Give a chemical test to distinguish between the following pairs of
compounds:

NH   and2 CH  NH2 2

(b) Illustrate the following with an example of reaction in each case:

(i) Sandmeyer reaction

(ii) Coupling reaction of phenol with aniline

27 (a) How are the following conversions carried out?

(i) Ethanol to propan-2-ol

(ii) Phenol to acetophenone

(b) Explain why 4-nitrophenol is more acidic than
4-methoxyphenol?

28. (a) Write the mechanism of corrosion. Explain why galvanised iron does
not rust even if the coating of zinc is broken.

(b) Consider the cell:

     2 2 4Mg s Mg 1 10 M Ag 1 10 M Ag(s)    

Its 0
cell cell rE is 2.96 V.Calculate E and G for the cell reaction.
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[Given : R = 8.314 JK-1 mol-1, and F= 96500 C mol-1]

OR

(a) Explain Kohlrausch’s law of independent migration of ions. Why does
the conductivity of any electrolyte decreases with dilution?

(b) Predict the products of electrolysis in each of the folloiwng:

(i) An aqueous solution of AgNO3 with silver electrodes.

(ii) An aqueous solution of AgNO3 with plantinum electrodes.

(iii) A dilute solution of H2SO4 with platinum electrodes.

[Given : 
2 2 2 2

0 0 0
O /H O H O/HAg / AgE 1.23V, E 0.80V, E 0.83V    ]

29. (a) Indicate the steps involved in the preparation of K2Cr2O3 from chromite
ore. Write chemical equations of ractions involved.

(b) Account for the following:

(i) Copper is regarded transition metal although in has 3d10

configuration.

(ii) Transition metal ions are coloured in water.

(iii) On moving down Zr to Hf in group 4, it is observed that their
atomic and ionic radii are almost the same.

OR

(a) Indicate the steps involved in the preparation of KMnO4 from pyrolusite
ore. Write chemical equations of the reactions involved.

(b) account for the following:

(i) K2Cr2O7 is preferred over Na2Cr2O7 in volumetric analysis
though both are oxiding agents.

(ii) The actinoids exhibits a greater range of oxidation states as
compared to lanthanoids.

(iii) Antinoid contraction from element to element is greater than
lanthanoid contraction.
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30. (a) Write structural formulae and names of four possible aldol
condensation products obtained from propanal and ethanal. Indicate
which aldeyde acts as nucleophile and which as electrophile.

(b) Give reasons for the following:

(i) Carboxylic acids do not give characteristic reactions of carbonyl
group.

(ii) Aldehydes are more reactive than ketones towards nucleophiles.

(c) Completye the following reaction statements by giving the missing
starting material, reagent or product as required::

(i)
O3

Zn – H2O
O + HCHO

?

(ii) 3 2 2 5CH COCH COOC H  (ii) H O3
+

(i) NaBH4

(iii)

CH OH2

KOH, heat
KMnO4

(d) Write one chemical equation for each to illustrate the folloiwng
reactions:

(i) Hell-Volhard-Zelinsky reaction

(ii) Cannizzaro reaction
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SAMPLE QUESTION PAPER-II

Chemistry (Theory)

Class-XII
Time : 3 hours Total Marks : 70

General Instruction
(i) All questions are compulsory.
(ii) Question number 1 to 8 are very short answer questions, carrying 1 mark

each. Answer these in one word or about one sentence each.
(iii) Question number 9 to 18 are short answer questions, carrying 2 marks each.

Answer these in about 30 words each.
(iv) Question number 19 to 27 are short answer questions, carrying 3 marks

each. Answer these in about 40 words each.
(v) Question number 28 to 30 are long answer questions, carrying 5 marks

each. Answer these in about 70 words each.
(vi) Use log table, if necessary.
(vii) Use of calculator is not permitted.

1. Write the products obtained when benzyl phenyl ether is heated with HI.

2. Gases with high critical temperature are readily absorbed . Why?

3. Write the IUPAC name of the compound

CH2(Cl)COCH(CH3)CONH2

4. Which of the following compounds has a lone pair of electrons at the
central atom?

H2SO3 ,  H2SO4

5. What type of linkage holds together the monomers of DNA?

6. Complete the following reaction:

HBr
3 2 peroxideCH CH CH X  

7. Write a non-exothermic reaction taking place in the blast furnace during
extraction of iron.
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8. Iodoform has antiseptic properties. Give one reason to support this.

9. Write the names associated with the following reactions:

(a) 2 2 2 2 3 2RCONH Br 4NaOH RNH Na CO NaBr 2H O     

(b) CuCNIKCN
2 2ArN X ArCN N   

(c) Heat
2 3 2R NH CHCl 3KOH R NC 3KCI 3H O      

(d) Cu/HCl
2 2ArN X ArCl N CuX    

10. KF has ccp structure. Calculate the ionic radius and F– ion if the side of
cube or edge length is 400 pm. How many F– ions and octahedral voids
are there in the unit cell?

11. Give reason :

(a) Why is Frenkel defect found in AgCl and not in the alkali metal
halides?

(b) What is the difference between Phosphorus doped and Gallium doped
Silicon semi-conductors?

12. Describe the construction of a H2-O2 fuel cell and the reactions taking
place in it.

OR

Define the terms given below:

(a) Conductivity (b)  Molar Conductivity

What are their units?

13. State Raoult’s a law for a solution containing volatile liquids. Explain
with suitable example, the concept of maximum boiling azeotropes.

14. Give chemical reactions in support of the following observations.

(a) Sulphuric acid has low volatility.

(b) Iodide ions can be oxidized by oxygen in acidic medium.

15. Propose mechanisms of the reaction taking place when

(a) (-) -2-Bromooctane reacts with sodium hydroxide to form (+)-octan-
2-ol.

(b) 2-Bromo pentane is heated with alc. KOH to form alkenes.
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16. What is flux? What is the role of flux in the metallurgy of Iron and copper?

17. The sum of first and second ionization enthalpies and third and fourth
ionization enthalpies of nickel and platinum are:


i
H1 + 

i
H2 (kJ mol-1) 

i
H3 + 

i
H4 (kJ mol-1)

Ni 2.49 8.80

Pt 2.66 6.70

Based on the above information, answer the following:

(a) Which is the most common oxidation state for Ni and Pt? Why?

(b) Out of the two, name the metal which can easily form compounds in
+4 oxidation state and why?

18. Neetu and Asha look organic compound synthesis as their chemistry project.
They prepare benzene diazonium chloride and stored it at room temperature.
Due to holiday, they start preparing azodye but it cannot be prepared. Then
their friend Reena told them to prepare benzene diazonium chloride again
and to use it immediately to prepare azo dye and they proceed accordingly
and prepared azo dye successfully.

(i) Why azo dye is not a prepared from stored benzene diazonium
chloride?

(ii) Write reaction involved in azo dye formation.

(iii) Write the values associated with the suggestion given by Reena.

19. Give reason:

(a) Nature of electrodes can also affect the products of electrolysis.

(b) Why does a dry cell become dead after a long time even if it has not
been used?

(c) Conductivity decreases with decrease in concentration of electrolyte
in a solution.

20 Write :

(a) Reaction involved in the preparation of a biodegradable polyester.

(b) Monomer unit of synthetic rubber (neoprene)

(c) One use of Nylon-6,6.
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21. (a) Write the zwitter ionic structure of glycine?

(b) What is meant by inversion of sugar?

(c) Name the vitamin in each case whose deficiency causes

(i) Night blindness.

(ii) Poor coagulation of blood.

22. Write chemical equations for following reactions:

(a) Oxidation of nitrite ion by MnO4
–

 in acidic medium.

(b) Acidification of potassium chromate solution.

(c) Disproportionation of managmese (VI) in acidic solution.

OR

Account for the following:

(a) Europium (II) is more stable than cerium (II).

(b) Transition metals have high enthalpies of atomisation.

(c) Actinoides show irregularities in the electronic configuration.

23. Give plausible explanation for each of the following:

(a) Ortho-nitrophenol is more acidic than ortho-methoxyphenol.

(b) Alcohols are easily protonated in comparison to phenols.

(c) The relative ease of dehydration of alcohols is :

tertiary > secondary > primary

24. On dissolving 19.5 g of CH2FCOOH in 500 g of water, a depression of 1°C
in freezing point of water is observed. Calculate the van’t Hoff factor and
dissociation constant of fluoro acetic acid. Given, K1 = 1.86 K kg mol-1.

25. (a) Name one substance which can act as both:–

(i) Analgesic and antipyretic

(ii) Antiseptic and disinfectant.
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(b) Explain the following terms with suitable example of each:

(i) Broad spectrum antibiotics.

(ii) Anionic detergents.

26. (a) Heat of adsorption is greater for chemisorption than for  physisorption.
Why?

(b) Mention two common properties of sol and emulsions.

(c) Differentiate between electrophoresis and electroosmosis.

27. (a) State the hybridization and magnetic behaviour of [Cr(CO)6].

(b) What are the various factors affecting crystal field spliting energy?

(c) Which of the two is more stable and why?

K4[Fe(CN)6] or K3[Fe(CN)6].

28. (a) A white solid A on treating with caustic soda, gives a pungent smelling
gas B. B on catalytic oxidation forms gas C. C gives brown fumes
of gas D on further oxidation which on dissolving in water forms
HNO3. Identify A, B, C, D and give the sequence of reactions involved.

(b) Arrange the following in order of property indicated for each set

(i) HCl, HI, HBr, HF – Decreasing thermal stability

(ii) Xe, He, Kr, Rn, Ne – Decreasing order of electron gain
enthalpy

OR

(a) Give Reasons:

(i) Solid PCl5 is an ionic compound.

(ii) Most of the reactions of fluorine are exothermic.

(ii) Ozone is thermodynamically unstable.

(b) Draw the structure of the following :

(i) XeOF4

(ii) H4P2O7
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29. (a) A compound A on oxidation gives B(C2H4O2). A reacts with dil. NaOH
and on subsequent heating forms C. C on catalytic hydrogenation
gives D. Identity A, B, C, D and write down the reactions involved.

(b) Write chemical equations to carry out the following conversions :–

(i) Benzene to benzyl alcohol.

(ii) Propannitrile to 1-phenylpropone.

OR

(a) An organic compound X undergoes acid hydrolysis to form two
compounds Y and Z. Y reacts with Sodium carbonates to form A.
A is heated with Soda lime to form B (CH4). Y on reduction with
LiAlH4 forms Z. Identify X, Y, Z, A, B and write the reactions
involved.

(b) Account for the following :—

(i) Benzoic acid does not undergo Friedel-Craft reaction.

(ii) pKa value of chloroacetic acid is lower than pKa value of acetic
acid.

30. (a) For the reaction

H
12 22 11 2 6 12 6 6 12 6C H O H O C H O C H O



  

Write :

(i) rate law equation.

(ii) molecularity.

(iii) order of reaction.

(b) The following data were obtained during the first order thermal
decomposition of SO2Cl2 at constant volume.

SO2Cl2 (g)  SO2 (g) + Cl2 (g)

Experiment Time/s Total pressure / atm

1 0 0.5

2 100 0.6
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Calculate the rate of reaction when total pressure is 0.65 atm.

OR

(a) Illustrate graphically the effect of catalyst on activation energy.

(b) Catalysts have no effect on the equilibrium constant Why?

(c) The decomposition of A into product has value of k as 4.5 × 103s–1 at
10°C and activation energy is 60 kJ mol-1. Calculate the temperature
at which the value of k will be 1.5 × 104s-1.
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SAMPLE PAPER-III

Chemistry (Theory)
Time : 3 hours Total Marks : 70

General Instruction
1. All questions are compulsory.

2. Question No. 1 to 8 are very short questions, carrying one mark each.

3. Question No. 9 to 18 are short answer questions carrying 2 marks each.

4. Question No. 19 to 27 are short answer questions carrying 3 marks each.

5. Question No. 28 to 30 are long answer questions carrying 5 marks each.

6. Use of calculators is not allowed. Use the log tables wherever necessary.

1. A and B liquids on mixing produce a warm solution. Which type of deviation
from Raoult’s law is there?

2. Why is ferric chlorice preferred over potassium chloride in case of a cut
leading to bleeding?

3. Among octahedral and tetrahedral crystal fields, in which case the magnitude
of crystal field splitting is larger?

4. Why is ortho-nitrophenol more acidic than ortho-methoxyphenol?

5. Write two important uses of formalin.

6. Why do amines act as nucleophiles?

7. Why can’t aluminium be reduced by carbon?

8. What are the ultimate products of digestion of proteins?

9. Gold (atomic mass=197u, atomic radius = 0.144nm) crystallizes in a face
centered unit cell. Determine the density of gold. [NA=6.022×1023mol-1].

10. Classify each of the following as being either a p-type or an n-type semi-
conductor. Give reason.

(a) Si doped with In, a group 13 element.

(b) Si doped with P, a group 15 element.
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11. Determine the molarity of an antifreeze solution containing 250g water
mixed with 222g ethylene glycol (C2H6O2) (molar mass 62 g mol–1) The
density of this solution is 1.07g/mL.

12. An aqueous solution containing urea was found to have boiling point more
than the normal boiling point of water (373.13K). When the same solution
was cooled, it was found that its freezing point is less than the normal
freezing point of water (273.13K). Explain these observations.

13. Consider the decomposition of hydrogen peroxide in alkaline medium which
is catalysed by iodine ions.

2 2 2 22H O 2H O O 
– –OH / I

This reaction takes place in two steps as given below :

Step - I H2O2 + I-  H2O + IO- (slow)

Step - II H2O2 + IO-  H2O + I- + O2 (fast).

(a) Write the rate law expression and determine the order of reaction
w.r.t. H2O2.

(b) What is the molecularity of each individual step?

14. (a) What is the role of depressant in froth floatation process?

(b) Out of C and CO which is a better reducing agent for FeO.

(i) In the lower part of blast furnace (Higher temperature).

(ii) In the upper part of blast furnace (Lower temperature).

15. Complete the following reactions :—

(a) 4 2P 8SOCl 

(b) 2 2I O H O   

16. Using valence bond theory, predict the geometry of dimagnetic [Co(CO)4]
–.

(Atomic number of Co is 27).

17. (a) Write the structure of following compound.

1-Bromo-4-sec-butyl-2-methylbenzene
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(b) How will you bring about the conversion :

Methyle bromide to methyl iodide.

18. Sneha’s grandmother lives in Manali. In winter, there is lot of snow in front
of the house. She asked Sneha to clear the snow. Sneha added NaCl to
snow to clear it.

(i) Why Sneha does so?

(ii) What is the value in Sneha’s thinking?

Arrange the following in increasing order of SN2 reactivity.

(b) (CH2)3CBr, CH3CH2CHBrCH3, CH3CH2CH2CH2Br

19. Draw the structures of the following :

(a) SF4

(b) XeO3

(c) HOClO2

20. In a hydrolysis reaction, 5g ethyl acetate is hydrolysed in presence of dilute
HCl in 300 minutes. If the reaction is of first order and the initial concentration
of ethyl acetate is 22g/L, calculate the rate constant of the reaction.

21. (a) Give reasons for the following :

(i) Glucose does not give 2,4-DNP test and Schiff’s test

(ii) Aminoacids have high melting points and are soluble in water.

(b) What is meant by the secondary structure of proteins?

22. (a) Give an example of a synthetic rubber and mention its main advantage.

(b) Write the structures of the monomers of Dacron.

(c) Arrange the following polymers in the increasing order of tensile
strength.

Nylon-6, Buna-S, Polythene.

23. Give one example for each of the following :

(a) An artificial sweetener whose use is limited to cold drinks.
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(b) A non-ionic detergent.

(c) A pain reliever used for relief from severe pains like post-operative
pain or pain due to terminal cancer.

24. (a) Give chemical tests to distinguish between the following compounds
(One test in each case).

(i) Aniline and ethylamine

(ii) Methylamine and dimethylamine

(b) How will you convert aniline to sulphanilic acid?

OR

An aromatic compound (A) on treatment with ammonia followed by heating
forms compound (B), which on heating with Br2 and KOH forms a compound
(C) having molecular formula C6H7N. Give the structures of A, B and C and
write the reactions involved.

25. (a) Give the mechanism of the following reaction :

  2 4dil H SO
3 2 2 2 2443KCH CH OH CH CH H O

(b) Describe hydroboration oxidation reaction with the help of an example.

26. Give reasons—

(a) Interhalogen compounds are more reactive than halogens except F2.

(b) PCl5 is known but NCl5 is not known.

(c) Amongst all noble gases, only xenon is known to form compounds
with oxygen and fluorine.

27. (a) Give one main difference between lyophillic and lyophobic colloids.

(b) What is observed when–

(i) A beam of light is passed through a colloidal solution.

(ii) Electric current is passed through a colloidal solution.

28. (a) Two electrolytic cells containing silver nitrate solution and dilute
sulphuric acid solution were connected in series. A steady current of 2.5
amp was passed through them till 1.078g of silver was deposited.

[Ag = 107.8 g mol-1, F = 96,500 Cmol–1].
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(I) How much electricity was consumed?

(ii) What was the weight of oxygen gas liberated?

(b) Give reason :

(i) The equilibrium constant K is related to E0
cell and not Ecell

(ii) Conductivity of an electrolytic solution decreases with the
decrease in concentration.

OR

(a) What is a fuel cell? What is its main advantage?

(b) What are the reactions occurring at the cathode and anode of
a Leclanche cell?

(c) In the button cell widely used for watches and other devices, the
following reaction takes place :

2 –
2 2Zn(s) Ag O(s) H O(l) Zn (aq) 2Ag(s) 2OH (aq)    

Give the cell representation and determine the value of Kc for the above
reaction using the following data.

–
2 2Ag O(s) H O(l) 2e 2Ag(s) 2OH (aq)   

(E° = 0.344V)

2Zn (aq) 2e Zn(s)  
(E° = –0.76V)

29. Explain the following :

(a) Actinoids show large number of oxidation states.

(b) Transition metals form a large number of complex compounds.

(c) Chromium is a typical hard metal while mercury is a liquid.

(d) MnO is basic while Mn2O7 is acidic in nature.

(e) Silver is a transition metal but zinc is not.

OR

(a) Give two consequences of lanthanoid contraction.
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(b) Complete the following reactions :

(i) MnO4
– + S2O3

2– + H2O 

(ii) Cr2O7
2– + Sn2+ + H+ 

(c) Which of the following has maximum number of unpaired electrons?

Ti3+, V3+, Fe2+, Mn2+

(d) Based on the following data, arrange Fe2+, Mn2+ and Cr2+ in the
increasing order of stability of +2 oxidation state

E°(Cr3+/Cr2+)= –0.4V, E°(Mn3+/Mn2+)= 1.5V, E°(Fe3+/Fe2+)= 0.8V

30. (a) Identify A, B and C in the following reaction :

2 4

4

dil H SO dil NaOH heat
HgSOCH CH A B C   

(b) Give reasons

(i) p-Nitro benzoic acid has higher Ka value than benzoic acid.

(ii) Acetone is less reactive than acetaldehyde towards nucleophilic
attack.

OR

(a) An organic compound (A) has molecular formula (C5H10O). It does
not reduce Tollens’ reagent but forms an orange precipitate with
2.4-DNP reagent. It forms a carboxylic acid (B) with molecular formula
(C3H6O2) when treated with alkaline KMnO4 and a yellow precipitate
on treatment with NaOH and I2. On oxidation under vigorous
conditions gives ethanoic acid and propanoic acid. Sodium salt of
(B) gave a hydrocarbon (C) in Kolbe’s Electrolytic Reduction. Identity
(A), (B) and (C) and write the reactions involved.

(b) Predict the products formed in the following cases.

(i) (A) (C3H6O) reacts with PhMgBr and is then hydrolysed.

(ii) (A) reacts with hydrazine and is then heated with KOH and
ethylene glycol.

(iii) (A) does not give connizzaro reaction.


