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Instructions :
 (a) The question paper has FOUR parts A, B, C and D. All parts are compulsory.
 (b) Write balanced chemical of equations and draw labelled diagrams wherever necessary.

PART - A

 I. Answer all of the questions in one word or in one sentence.
  Each question carries one mark : 10 × 1 = 10
 1. What is the S. I. unit of volume ?
 2. Write the mathematical expression for Boyle's law.
 3. Write the equilibrium constant in term of concentration A + B  C + D equilibrium equation.
 4. Write the general electronic configuration of d-block elements. 
 5. What is the oxidation state of oxygen in peroxide. i.e. H2O2 ?
 6. Alkali Metals are soft metals why ?
 7. What is the type of hybridisation of carbon in diamond ?  
 8. What is catenation ?
 9. Expand the IUPAC.
 10. Write the general formula of alkynes. 

PART - B

 II. Answer any FIVE of the following questions.
  Each question carries 2 marks 5 × 2 = 10
 11. What is molality ?  2
 12. Define viscosity of liquid.  2
 13. State Charle's law. Give its Mathematical expression. 2
 14. What is diagonal relationship ? Give an example of diagonally related pair. 2
 15. Give the reaction for the synthesis of water gas and producer gas. 2
 16. What is Friedel Craft reaction ? Give equation.  2
 17. Illustrate Wurtz  reaction taking bromoethane as an example. 2
 18. Write any two common chemicals of photochemical smog. 2

PART - C

 III. Answer any FIVE of the following questions.

  Each question carries 3 marks. 5 × 3  = 15
 19. Define ionisation enthalpy. How does it vary along the period and down the group in the periodic table ? 3
 20. Write any three postulates of molecular orbital theory (MOT). 3
 21. Explain SP2 hybridisation in ethene molecule.  3
 22. Write any three differences between sigma and pi bond.  3 
 23. Balances the following redox reaction by oxidation number method in acidic medium
  Cr2 O7

–2 + Fe+2 →  Cr+3 + Fe+3 3
 24. Explain the laboratory preparation of dihydrogen.  3
 25. Give any three differences between lithium and other alkali metals. 3
 26. Explain the structure of diamond with diagram.   3
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SECTION - D (IV & V)

 IV. Answer any FIVE of the following questions.
  Each question carries 5 marks. 5 × 5 = 25
 27. (i) Compound contain 4.07% hydrogen, 24.27% carbon and 71.65% chlorine.
   Its molecular mass is 98.96. Calculate the empirical formula.  3
  (ii) What is molecular mass ? Given an example.  2
 28. (i) Mention any three postulates of Bohrs' Model of an atom. 3
  (ii) What are isotopes ? Give an example.     2
 29. (i) Give the significance of all the four quantum numbers.  4
  (ii) Whos discovered Neutron.  1
 30. (i) Write any four postulate of kinetic theory of gases. 4
  (ii) What is an ideal gas.   1
 31. (i) Calculate the standard enthalpy of formation of CH4 from the following data :
   (1) CH4(g) + 2O2(g) → CO2(g) + 2H2O(l); ∆H = – 890.3 kJ
   (2) C(s) + O2(g) →  CO2(g); ∆H = – 393.5 kJ

   (3) H2(g) + 1
2  

O2(g) →
 
 H2O(l); ∆H = – 285.8 kJ 4

  (ii) What is an Isolated system ? 1
 32. (i) What is intensive property ? Given an example. 2
  (ii) What is entropy ? Give its unit. 2
  (iii) What is endothermic reaction ? 1
  33.  (i)  Explain Bronsted-Lowry concept of Acid and Base. 
   What is conjugate acid and conjugate base for NH3 ? 4
  (ii) Give the relationship between KP & KC. 1
 34. (i) Calculate the pH of 0.001 MH2SO4. 2

  (ii) Define buffer solution. Given an example. 2
  (iii) What is hydronium ion ? 1
 V. Answer any TWO of the following questions. 
  Each questions carries 5 marks.  2 × 5 = 10
 35. (i) How is halogen estimated by Carius method ?  3
  (ii) What is Free redical ? Give an example.  2
 36. (i) Define homologous series. Write any two characteristics of homologous series. 3
  (ii) Write the IUPAC Name.  2

   

(a)

  

(b)

 

CH — CH — C — CH3 2 3

—CH3

—

CH3

 37. (i) Explain the mechanism of addition of HBr to propene with equations.  3
  (ii) How do you convert benzene into benzene  hexachloride (BHC) ? 2

qq
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SOLUTIONS
As Per Scheme of Valuation 

(Issued by Department of PUC, Karnataka)

SECTION - A

 1. The SI unit of volume is m3.
 2. The mathematical expression for Boyle's law :

    V ∝ 1
P        

PV = k V = volume of a gas

     P = pressure
 3. A + B  C + D

    
Kc =

 

[ ][ ]
[ ][ ]
C D
A B  

 4. General electronic configuration of d–block elements is : (n –1 )d1–10ns 1–2.
 5. Oxidation state of oxygen in H2O2 is – 1.
  Let it be  x (we know that the oxidation state of H+ = + 1)
  	   2 (+ 1) + 2 x = 0
            x = – 1
 6. Alkali metals have large atomic size with only one valence electron in their valence shell. So they have weak 

metallic bonding, between two atoms. Hence alkali metals are soft.
 7. In diamond carbon is sp3 hybridised.
 8. The self-linking of atoms of an element to from chains or rings is called catenation. e.g. carbon, silicon.
 9. IUPAC - International Union of Pure and Applied Chemistry.
 10. The general formula of Alkynes – Cn H2n – 2

SECTION - B

 11.  Molality : In is the number of moles of solute dissolved in 1kg of solvent.

    Molality =
 

Number of moles of solute
Mass of solvent (in kg)

 12. Viscosity in the force of friction which one part of the liquid offers to another part of the liquid.

    
F = ηA . du

dz
 Where : A = area of contact 

      

du
dz

 = velocity gradient
 

      n = viscosity coefficient. 
 13. Charle's Law : According to Charle's law at constant pressure the volume of the gas which taken as a sample is 

directly proportional to the absolute temperature."
    V a T
    V = KT

    

V
T

 = K

  At two given under two different condition at T = T1, V = V1 and T = T2, V = V2

    

V
T

1

1  
=

 

V
T

2

2

    V1T2 = T1V2
  
 14. Some elements of 2nd period are similar chemical in properties with the elements of 3rd period, which are 

diagonally opposite to each other is called diagonal relationship.
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Period 2

Period 3

Li

Na

Be

Mg

B

Al

C

Si

group 1 group 2 group 13 group 14

 15. Synthesis of water gas : C + H2O 1270 K →  CO + H2

CH4(g) + H2O(g) 
1270K
Ni

 →

 

Co + 3H( ) 2g ( )g

Water gas

(syn gas)

  Synthesis of producer gas :
2C+ O2 + 3N2 → 

 

2CO + 3N2

Producer gas

 16. Friedel Craft reaction : This reaction is used to introduce alkyl or acyl group into an aromatic ring in the presence 
of a catalyst like AlCl3, FeCl3 etc.

+ CH COCl3

Anhydrous AlCl3

Heat
+ HCl

COCH3

Methylphenyl ketone
(Acetophenone)

 17. Wurtz Reaction : Alkyl halides are made to react with sodium in the presence of dry ether.

C2H5Br + 2Na + BrC2H5 
dry

ether
 →  C2H5 – C2H5 + 2NaBr

    n-butane
 18. The common chemicals of photochemical smog are– ozone, nitric oxide, PAN, Formaldehyde, acrolein.
 (Any two)

SECTION - C

 19. Ionisation enthalpy : The minimum amount of energy required to remove the most loosely bound electron from 
an isolated gaseous in the ground state is called ionisation enthalpy.

  In a period ionisation enthalpy increases with increase in atomic number. On moving left to right in a period 
the number of shells remain same but effective nuclear charge is increased. Hence greater energy is required to 
remove the electron from outermost shell.

  In a group ionisation enthalpy decreases with increases in atomic number. On moving top to bottom in a group 
the number of shells increases as well as the number of inner shell electrons increases and nuclear charge also 
increases. Hence the electrons are attracted towards the nuclear by lesser force.

 20. Postulates of Molecular orbital theory :
  (i) The electron in a molecular are present in the various molecular orbitals as the  electron of atoms are present 

in the various atomic orbitals.
  (ii) The atomic orbitals of comparable energies and proper symmetry combine to from molecular orbitals.
  (iii) The number of molecular orbital formed is equal to the number of combining atomic orbitals. When two 

atomic orbitals combine two molecular orbitals are formed, One is bonding molecular orbital and the other is 
antibonding molecular orbital.

  (iv) The bonding molecular orbital has lower energy hence greater stability than the corresponding antibonding 
molecular orbital.

  (v) The molecular orbitals like atomic orbital are filled in accordance with the Aufbau principle obeying the 
Pauli's exclusion principle and the Hund's rule. (Any three)

 21. sp2 hybridisation in ethene molecule : In the formation of ethene molecule. One of the sp2 hybrid orbitals of 
carbon atom overlaps axially with sp2 hybridised orbital of another carbon atom to from C–C sigma bond.

  The other two sp2 hybrid orbitals of each carbon atom are used for making sp2–s sigma bond with two hydrogen 
atoms. The unhybridised orbital (2 px or 2 py) of one carbon atom overlaps sidewise with the similar orbital of the 
other carbon atom to from weak p bond. This p – bond consist of two equal electron clouds distributed above and 
below the plane or carbon and hydrogen atom.
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  In ethene molecular C – C consist of sp2 – sp2 s – bond and one p – bond between p – orbitals.

H

CC

H

H

H

�

�

�

 22. Difference between sigma and pi–bond :

S.No. Sigma bond pi bond

1. Formed by overlap of orbitals along their 
internuclear axis.

Formed by side wise overlapping of orbitals.

2. Electron cloud is symmetrical. Electron cloud is unsymmetrical.

3. Free rotation of the atom around sigma bond is 
possible.

Free rotation of the atom around pi–bond is not 
possible.

 23. (i) Fe2+(aq) +Cr2O7
2–(aq) →  Fe3+(aq) + Cr3+(aq)

  (ii) Gain or less of electron :
   Fe2+ →  Fe3++ e– (Oxidation) (1 unit O.N.)
   Cr2O7

2– +6e– →  2Cr3+ (Reduction) (6 unit O.N)
   equalize the e– lost or gained.
   6Fe2+ + Cr2O7

2– → 6Fe3+ + 2Cr3+

  (iii) By inspection :
   6Fe2+ + Cr2O7

2– + 14H+ →  6Fe3++ 2Cr3+ + 7H2O
 24. The laboratory preparation of dihydrogen 
  (1) Hydrogen is prepared by the action of zinc with dilute hydrochloric acid.

Zn + 2HCl → ZnCl2 + H2 
  (2) Zinc react with aqueous NaOH, gives hydrogen.

Zn + 2NaOH  → Na2ZnO2 + H2
 25. (a) Lithium is much harder than other alkali metals. 
  (b) The melting point and boiling point of lithium are higher than the other alkali metals. 
  (c) Lithium is least reactive but the strongest reducing agent among all the alkali metals. 
  (d) In a combustion reaction, lithium gives monoxide (Li2O), other alkali metals give peroxide and superoxides. 
  (e) Lithium can react with nitrogen to form nitrides (Li3N), unlike other alkali metals.
 26. Structure of diamond : In diamond each carbon atom is in sp3 hybridised state. Each carbon atom is linked to 

four other carbon atom by single bonds. Each carbon atom is present at the centre of a regular tetrahedron and 
the other four carbon atoms linked to it at the corners of the regular tetrahedron. Hence diamond exists as three 
dimensional network. Since there is no free electrons so the diamond is a bad conductor of electricity.

SECTION - D (IV & V)

 27. (i) 

Element Mass % Atomic ratio Simplest ratio Simplest whole no. ratio

C 24.27
24 27

12
.

 = 2.02
2 02
2 02
.
.

 = 1 1

H 4.07
4 07

1
.

 = 4.07
4 07
2 02
.
.

 = 2 2

Cl 71.65
71 65
35 5

.
.

 = 2.02
2 02
2 02
.
.

 = 1 1
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    Empirical formula – CH2Cl
    Empirical formula mass = 12 + 1 × 2 + 35.5 = 49.5

    n = 
Molecular mass

Empirical formula mass  = 
98 96
49 5

.
.

 = 2

    Molecular formula = (Empirical formula)n
     = (CH2Cl)2 = C2H4Cl2
  (ii) Molecular mass : It is defined as the sum of the atomic masses of all the atoms present in a molecular of a 

substance. e.g. The molecular mass of water (H2O) is 18.
    At. mass of H + At. mass of O
    1 × 2 + 16 = 18
 28.  (i) Bohr's model of an atom :
   1.  The electron in the hydrogen atom can move around the nucleus in a circular path of fixed radius and 

energy. These paths are called orbitals.
   2. The energy of an electron in the orbit does not change with time. However electron will move form a 

lower stationary state to a higher stationary state when required amount of energy is observed by the 
electron or energy is emitted when electron moves from higher stationary state to lower stationary state.

   3. The frequency of radiation absorbed or emitted when transition occurs between two stationary states that 

differ in energy by DE. It is given by V = 
DE
h  

=
 

E E2 1-
h

.

   4. The angular momentum of an electron in a given stationary state can be given by :

      mvr = 
nh
2p

, n = 1, 2, 3....

   5. The energy of an electrons in atoms is quantised, because the electrons revolve only in those orbits which 
have fixed values of energy. (Any three)

  (ii) Isotopes : The atoms of the same element, having the same atomic numbers but different mass numbers are 
called isotopes.

   e.g. Hydrogen atom has atomic species :
   Protium (1

1H), deuterium (1
2H or D), Tritium (1

3H or T).
 29. (i) 1. Principal quantum number (n) describes the principal energy level of an electron is an atom, size of the 

orbital and the energy of the orbital. (n = 1, 2, 3, ....).
   2. Azimuthal quantum number (l) describes the sub energy level and determines the shape of the orbitals. 

For a given value of n, value of l are 0 to (n – 1).
   3. Magnetic quantum number (m) determines the orientation of the orbital. m = – l to + l or m = + l to – l. 

For a given value of l, total value of m are (2l + 1).
   4. Spin quantum number (s) describes the orientation of the spin of electron i.e., clockwise or anticlockwise.
  (ii) Neutron was discovered by Chadwick James chadwick.
 30. (i) Postulates of Kinetic Theory of gases :
   1. Gases consists of large number of identical particles. There are so small and so far apart on the average that 

the actual volume of the molecules is negligible in comparison to the empty space between them.
   2. There is no force of attraction between the particles of a gas at ordinary temperature and pressure.
   3. Particles of gases are always in constant and random motion.
   4. Particles of a gas move in all possible direction in a straight line. During their random motion, they collide 

with each other and hit the wall of the container. In this process they will charge pressure of the gas.
  (ii) Ideal gas : It is an imaginary gas which strictly obeys gas law at all temperature and pressure.
 31. (i) 1. CH4(g) + 2O2(g) → CO2 + 2H2O ;  DH = – 890.3 kJ
   2. C(s) + O2(g) → CO2 ;  DH = – 393.5 kJ

   3. H2(g) + 1
2

O2(g) →  H2O ;  DH = – 285.8 kJ

   C(s) + 2H2(g) →  CH4(g)
    Df H (CH4) = ?
    Df H

0(CH4) = DCH0 (C) + 2DCH0(H2) –– DCH0 (CH4)
     = [–393.5 + 2(–285.8) – (–890.3)] kJ mol–1

     = –74.8 kJ mol–1

  (ii) An isolated system is a system which can not exchange matter and energy with the surroundings.
   e.g., Tea in a thermos flask.
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 32. (i) Intensive property : The properties whose value does not depend on the quantity taken. e.g. Density, surface 
tension, viscosity, normality, molarity etc.

  (ii) Entropy : Entropy is a measure of randomness or disorder of the system. Greater the disorder, higher is the 
entropy.

   Its units is joule kelvin–1 mol–1.
  (iii) Endothermic reaction are those reaction in which heat is observed called as endothermic reaction. It is written 

along with the products with a positive sign.
   e.g.                                                   C + H2O → CO + H2; 131.4 kJ
  33. (i) Bronsted –Lowry concept of Acid and Base : Acid is a substance which has the tendency to give a proton 

(H+) and a base is a substance which accept a proton (H+).
   e.g. NH3(aq) + H2O  NH4

+
(aq) + OH–

(aq)
    Base Acid
   H2O is a proton donor and is an acid and NH3 is a proton acceptor and is a base.
   Here NH4

+ and NH3 is a conjugate acid base pair.
   H2O and OH– is a conjugate acid-base pair.
   Conjugate acid and conjugate base for NH3 : 
   (a) Adding Of H+, gives conjugate acid

NH3 + H+ → NH4
+ conjugate acid

   (a) Removal of H+, gives conjugate base
NH3 → NH2 + H+ conjugate acid

  (ii) Relationship between Kp and Kc –
    Kp = Kc(RT)Dn ; Dn = (c + d) – (a + b)
 34. (i) The pH of 0.001 M H2SO4 :
    H2SO4 = 2H+ + SO4

–2

    0.001 M 0.002 M
    [H+] = 0.002 M = 2 × 10–3

    pH = –log[H+]
    pH = – log[2 × 10–3] = – (log2 + log 10–3)
    pH = 3 –log2
    pH = 2.7
  (ii) Buffer solution : A solution which resists the change in pH when small amount of strong acid or strong base 

is added to it, is called buffer solution.
   A buffer solution is composed of a weak acid and its conjugate base in appreciable concentration.
   e.g. (1) Acetic acid and sodium acetate
    (2) Ammonium hydroxide and ammonium chloride
  (iii) Hydronium ion : It is a water molecule with an extra hydrogen ion attached to it.
    H2O + H+ → H3O+

 35. (i) Estimation of halogen by Carius method : In carius method a known mass of  the organic compound is 
heated with the fuming nitric acid and a few crystals of silver nitrate in a furnace carban and hydrogen 
present in the compound are oxidised to CO2 and H2O. The halogen forms corresponding silver halide.

   The precipitate of silver halide are filtered, washed, dried and weighed.
    Mass of organic compound taken = w gram
    Mass of silver halide formed = a gram
   One mole of AgX contains one mole of X
    One mole of Ag X = (108 + At. mass of X) gram
    One mole of X = At. mass of X
     (108 + At. mass of X) gram of Ag X contains halogen = At. mass of X (gm)

   \  a gm of Ag X contains halogen = 
At. mass of X ×

108 + At. mass of X
a

 

    Mass of X = 
At. mass of X ×

108 + At. mass of X
a

 gm

  (ii) Free radical : A free radical is an atom or group of atom which has an odd or unpaired electron. Free radical 
are produced on homolytic fission of a covalent bond.
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e.g.

 
Cl Cl

Heat or

light
Cl + Cl

free radical

    
CH3 Cl

Heat or

light
CH3 + Cl

 36. (i) Homologous series : It is a family of organic compounds having the same functional group, similar chemical 
properties and the successive members of which differ by a CH2 unit or 14 mass units.

  Characteristics of homologous series–
   1. All the members of a homologous series can be represented by a general formula.
    e.g. for alkanes –– CnH2n+2, for alkenes –– CnH2n and for alkynes –– CnH2n–2.
   2. The molecular formula of any two successive members of a homologous series differ by a CH2 unit.
   3. The molecular mass of any two successive members of homologous series differ by 14 u.
   4. All the members of a given homologous series show similar chemical properties.
   5. All the members of a given homologous series have the same functional group. (Any two)

  (ii) (a) 
1

2 4
6

53                     

  

IUPAC Name

   

C C

C C

C
4 6

2

31
C

5

3-methyl hexane

   (b)

 

CH — CH — C — CH3 2 3

—CH3

—

CH3

2, 2-dimethylbutane

4 3 2 1

 37. (i) Mechanism of addition of HBr of propene : Addition of HBr to propene follows Markonikov's rule. The 
rule states that negative part of the adding molecule gets attached to the carbon atom which possess lesser 
number of hydrogen atoms.

   It is an electrophilic substitution reaction.

   

H C — CH = CH + HBr3 2

H C — CH — CH + Br3 22
–

+

less stable

H C — CH — CH + Br3 3
–

+

more stable

H+

   

H C — CH — CH + Br3 3 CH — CH — CH3 3—

Br

2-Bromopropane

+
–

  (ii) Convert benzene into benzene hexachloride (BHC) : Benzene is treated with chlorine in presence of sunlight, 
addition takes place to give BHC.

   C6H6 + 3Cl2 UV →  C6H6Cl6

+ 3Cl2
UV

Benzene hexachloride (BHC)

Cl

Cl

ClCl

ClCl

500 K

qq
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Instructions :
 (a) The question paper has four parts A, B, C & D. All the parts are compulsory.
 (b) Write balanced Chemical equations and draw labelled diagrams wherever asked.

PART - A

 I. Answer all of the question in one word or one sentence each.  10 × 1 = 10
 Each question carries one mark.
 1. Define molality of solution.
 2. Write ideal gas equation for 'n' moles of a gas.
 3. Give the relation between KP and KC.
 4. Select an iso electronic pair among the following :
  Na+, CI– , F–, Li+.
 5. What is the oxidation number of manganese (Mn) in K2MnO4?
 6. Why is sodium metal preserved in kerosene ?
 7. What is catenation ?  
 8. Give the composition of water gas. 
 9. What is Rf value ?
 10. What is pyrolysis ? 

PART - B

 II. Answer any FIVE questions.  
 Each question carries two marks. 5 × 2 = 10
 11. Calculate the molarity of NaOH solution prepared by dissolving '4g' of it in 250ml of water. 
 12. Why do real gases deviate from ideal behavior ? 
 13. Explain the non existence of helium molecule on the basis of molecular orbital theory (MOT).
 14. Explain the action of carbon dioxide in lime water. 
 15. How is diborane prepared in the laboratory ? 
 16. Explain Markovnikov's rule with an example. 
 17. What are the necessary condition for a system to be aromatic ? 
 18. Write any two common chemicals of photochemical smog. 

PART - C

 III. Answer any FIVE questions.
  Each question carries 3 marks.  5× 3 = 25
 19. What is electron gains enthalpy ? How does it varies along a period and group.
 20. (a) Distinguish between sigma bond and Pi - bond.
  (b) Define dipole moment.  2+1
 21. Write any three postulates of 'VESPR' theory.  
 22. On the basis of MOT. Calculate the bond order oxygen molecule and predict its magnetic property.    
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 23. Balances the following redox reaction by oxidation number method :
  MnO–

(4) (aq)+ Br–
(aq)   MnO2 (s)+BrO–

3(aq)(Acidic medium)
 24. Explain the Clarke's method of removing temporary hardness of water (Give equation).
 25. Give the preparation of sodium hydroxide by Caster - Kellner - Cell method.
 26. (a)  Mention any 2 difference between diamond and graphite.
  (b) Name the inorganic benzene.  2+1

PART - D (IV & V)

 IV.  Answer any FIVE question.
  Each question carries 5 marks. 5 × 5 = 25
 27. (a) Find the empirical formula of a compound which contain 33.18% of carbon, 4.60% of hydrogen,
    29.49% of oxygen and 32.72% of chlorine respectively.
   (At masses : C = 12; H= 1. O = 16; Cl = 35.5) 
  (b) State Avogadro's law.
  (c)  How many significant figures are there in the number, 0.0025 ? 3+1+1
 28. (a) Give the postulates of Bohr's atomic model. 
  (b)  Write the electronic configuration of copper (Z = 29).  4 + 1
 29. (a)  Calculate the energy of radiation with wave length 500nm.  
  (b) State Heisenberg's uncertainty principle and give its mathematical expression.
  (c) Name the spectral lines which lies in the UV region.  2 + 2 + 1
 30. (a) Write any postulates of Kinetic theory of gases.
  (b) Give reason liquid drops are spherical in shape.  4 + 1
 31. (a) State and explain Hess's law.
  (b)  Give the mathematical expression for First law of thermodynamics.
  (c) Write the S.I unit of entropy.  3 + 1 + 1
 32. (a) What in an isolated system ? Give example.
  (b) Which allotropic from of carbon is more stable ?
  (c) What is a spontaneous process ? Give example.  2 + 2 + 1
  33.  (a) State Le- chatetier's principle.
   Describe the effect of (i) addition of H2
   (ii)  addition of CH3OH on the equilibrium reaction.
    2H2(g) + CO(g) → CH3OH(g)
  (a) Write an expression for Kp for the following reaction.

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

  (c) Give an example of reaction where KP = KC  3 +1 + 1
 34. (a) Write conjugate acides for CN–, H2O.

  (b) Calculate the pH of 0.01 M NaOH solution. 
  (c) Define solubility product.  2 + 2 + 1
 V. Answer any TWO of the following questions,
  Each questions carries 5 marks. 2 × 5 = 10
 35. (a) Draw a neat labelled diagram & give the principle in the estimation of halogen by Carius method.
  (b) What is functional isomerism ? Give example.   3 + 2
 36. (a) Differentiate between inductive effect and etectromeric effect.  
  (b) Give the IUPAC name of CH3 – CH2  – CH = CH – COOH.
  (c) Name the separating method used for the separtion of glycerol from spent lye.
  (d) What are Free- radicals ?  2 + 1 + 1 + 1
 37. (a) Give the mechanism of chlorination of benzene.  
  (b)  Name the reaction involved in the conversion of benzene to toluene.
  (c) What is carcinogen ? 3 + 1 + 1

qq
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SOLUTIONS
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PART - A

 1. Molality of a solution is equal to the number of moles of the solute present in 1 kg (1000 gm) of the solvent. It is 
represented by m.

    m = 
Moles of solute

Mass of solvent in kg

 2. Ideal gas equation for 'n' moles of a gas :
  PV = nRT
  Where P is pressure, V is volume, n - number of moles, R is the gas constant and T is temperature.
 3. KP and KC are the equilibrium constant of a ideal gaseous mixture.
    KP = KC (RT)∆n

  Where,	 ∆n = Total number of moles of gaseous products –
                                                                                               Total number of moles of gaseous reactants
    R = Gas constant (0.0831 lit bar k–1 mol–1)
    T = Temperature (K)
    KP = Equilibrium constant in terms of pressure (pascals)
    KC = Equilibrium constant in terms of molarity (mol/L)
 4. The isoelectronic pair is  –  Na+ and F– (Both have same number of electrons)
  11Na = 2, 8, 1 ; Na+ = 2, 8  9F = 2, 7; F– = 2, 8
  17Cl = 2, 8, 7 ; Cl– = 2, 8, 8  3Li = 2, 1 ; Li+ = 2
 5. O.N. of Mn in K2MnO4 = + 6
  Let the oxidation number of Mn be x,

+1    x     – 2

K2MnO4
    2 (+1) + x + 4 (– 2) = 0 ; + 2 + x + (– 8) = 0
    x – 6 = 0
    x = +6
 6. Sodium is a very reactive metal and a strong reducing agent, so it reduces oxygen and water. It quickly reacts with 

water and atmospheric air and catches fire. So it is preserved is kerosene.
 7. The self-linking of atoms of an element of form chains or rings, is called as catenation. e.g., carbon, silicon.
 8. Water gas is a mixture of hydrogen and carbon monoxide (CO + H2) in the ratio of 1 : 1.

 9. Rf = Distance travelled by the substance from reference line (cmm)
Distance travelled by the solvent from reference line (ccm)

  The distance travelled by a given component divided by the distance travelled by the solvent is called Rf value.
 10. Higher alkanes on heating to higher temperature decompose into lower alkanes, alkenes etc., is called pyrolysis.

  

e.g., 

            

C H6 14

773 K
C H6 12 2+ H

C H4 8 2 6+ C H

C H3 6 2 4 4+ C H + CH

PART - B

 11. Given – mass of solute (NaOH) = 4 gm
          mass of solvent (H2O) = 250 ml.

          
Molarity =

 

No. of moles of solute
Volume of solution in litre

   
Molarity (M)

 
=

 

w
ml

×
×

1000
M V( )  

=
 

4 1000
40 250
×
×  

= 0.4 M
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 12. Real gases deviate from ideal behaviour because their particles occupy some finite space and do not exert 
interactive forces among them. At low temperature or high pressure the molecules of gases are very close.

  The deviation from ideal behaviour is expressed by a factor 'Z' called as compressibility factor. So Z = PV = nRT.
  for ideal gas PV = nRT , Z = 1
  for real gas,  PV	≠	nRT,	Z	≠	1
  If Z < 1, it is a negative deviation (more compressible)
  If Z > 1, it is a positive deviation. (less compressible)
 13. Helium molecule does not exist. The electronic configuration of helium atom is 1s2. For helium molecule (He2), 

according to molecular orbital theory the electronic configuration is s1s2. s*1s2. The equal number of electrons 
are present is both bonding and antibonding molecular orbitals.

  For He2 molecule the bond order = 
1
2

 [No. of electrons in bonding orbital – No. of electrons in antibonding 

orbitals]

     = 
1
2

 (2 – 2)

     = 0.
  The number of bonds present between two He atoms are zero.
  So He2 molecule does not exist.
 14. When carbon dioxide is passed through lime water, it turns milky due to the formation of calcium carbonate.
                                            CO2     +          Ca(OH)2           →       CaCO3 + H2O
                                                                    Lime water                       Calcium
                                                       (Calcium hydroxide)            carbonate
  But when excess of CO2 is passed through lime water, milkiness disappears due to the formation of water soluble 

calcium bicarbonate.
                                              CaCO3 + H2O + CO2     →    +        Ca(HCO3)2

                                           Milkiness                                           Calcium bicarbonate
                                                                                                                          (Soluble)
 15. In the laboratory diborane is prepared by the reaction of iodine with sodium borohydride in a high boiling 

solvent (polyether). Sodium borohydride is oxidised with iodine.

  2NaBH4 + I2 Polyether →  B2H6 + 2NaI + H2

                                                                                                                                              Diborane
 16. Markovnikov's Rule : In the unsymmetrical alkene, during the addition reaction the negative part of the attacking 

molecule join with the carbon atom which carries lowest number of hydrogen atoms while the positive part goes 
to the carbon atom with more hydrogen atoms.

  e.g. Addition of HBr to propene.
                                                                        Br
                                                                        |
  H3C — CH = CH2 + HBr → H3C — CH — CH3 + H3C — CH2 — CH2

                                                            2-Bromopropane                                   |
                                                                Major product                                   Br
                                                                                                                1-Bromopropane
                                                                                                                    Minor product
 17. The necessary conditions for a system to be aromatic are :
  (i) The molecule should contain a cyclic cloud of delocalized p electrons above and below the plane of the 

molecule.
  (ii) For the delocalization of p-electrons the ring must be planar to allow cyclic overlap of p-orbitals.
  (iii) The p-electron cloud must contain a total of (4n + 2) p electrons. Where, n = 0, 1, 2, 3 ........... (Huckel rule).
   e.g., Benzene has 6p electrons. (n = 1)
 18. The two common chemicals of photochemical smog are-oxides of nitrogen (NO, NO2), volatile organic compounds 

(formaldehyde), PAN (Peroxyacetylnitrate).
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PART - C

 19. Electron gain enthalpy is equal to the change in enthalpy when an isolated gaseous atom accepts an electron to 
form a monovalent anion.

  X(g) + e– → X–(g) + energy
  In a period on moving left to right electron gain enthalpy becomes more and more negative because atomic size 

decreases and nuclear charge increases. So the added electron is attracted towards the nucleus by greater force.
  In a group on moving top to bottom electron gain enthalpy becomes less negative because atomic size and nuclear 

charge both increases. So the added electron is attracted towards the nucleus by lesser force.
 20. (a) Differences between sigma and Pi - bond :

S.No. Sigma bond Pi-bond

1. It is formed due to the overlapping of pure s-s, 
s-p or p-p hybrid orbitals of two atoms along 
their internuclear axis.

It is formed due to the lateral or side wise over-
lapping of pure p-orbitals of two atoms.

2. It is a strong bond. It is a weak bond.

3. There are less reactive. There are highly reactive.

4. Free rotation of atoms is possible. Rotation is restricted.

5. The electron cloud is symmetrical. The electron cloud is not symmetrical.

  (b) Dipole moment : The product of the magnitude of the charge and the distance between the centres of positive 
and negative charge is called dipole moment. It is represented by m and its unit is D.

                                            m = Q × r                       Q = Charge, r = Distance of separation.
 21. Postulates of 'VSEPR' theory :
  (i) The shape of a molecule depends upon the number of valence shell electron pairs around the central atom.
  (ii) Pairs of electrons in the valence shell repel one another since electron clouds are negatively charged.
  (iii) There pairs of electrons tend to occupy such positions in space that minimise repulsion and thus maximise 

distance between them.
  (iv) The valence shell is taken as a sphere with the electron pairs localising on the spherical surface at maximum 

distance from one another.
  (v) A multiple bond is treated as if it is a single electron pair and the two or three electron pairs of a multiple bond 

are treated as a single super pair. (Any three)
 22. The electronic configuration of oxygenates in oxygen molecule (O2) is – 1s22s22p4. In oxygen atom 8 electrons are 

present hence is O2, 16 electrons are present. Therefore the configuration of O2 molecule is :
    (s1s)2 (s*1s)2 (s2s)2 (s*2s)2 (s2pz)

2 (p2px
2 = p2py

2) (p*2px
1 = p*2py

1)
  In O2 molecule 10 electrons are present is bonding molecular orbitals and 6 electrons are is antibonding molecular 

orbitals. Bond order  = 
1
2

 [Nb – Na] = 
1
2

 [10 – 6] = 2

  In O2 molecule two unpaired electrons are present in p*2px and p*2py molecule orbitals. Therefore O2 molecule 
should be paramagnetic.

 23. MnO4
– (aq) + Br– (aq) → MnO2(s) + BrO–

3 (aq) (Acidic medium)
  (i) The skeletal equation with oxidation number of each atom is :

MnO + Br4
––

+7

MnO + BrO32

–2+4–2 –1 –2+5
–

MnO + Br4
––

+7

MnO + BrO32

+4–1 +5
–

Reduction (gain of 3e–)

Oxidation (loss of 6e-)

  (ii) To balance the increases and decreases in oxidation numbers multiply MnO–
4 by 2 and balance all the atoms 

except hydrogen and Oxygen.
   2MnO–

4 + Br– → 2MnO2 + BrO–
3

  (iii) Since the reaction occurs in acidic medium add H+ ions to left hand side (Reduction) and right hand side 
(Oxidation).

   2MnO–
4 + Br– + 2H+ → 2MnO2 + BrO–

3 + H2O
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Br + 3H O2
–

–1

BrO + 3H O + 6e + 6H × 12
– +

3
–

–2+5

MnO + 3e + 4H4
– +–

+7

MnO + 2H O × 222

–2+4–2

2MnO + 6e + 8H4
– +–

+7

2MnO + 4H O22

–2+4–2

2MnO + Br + 2H4
– +–

+7

BrO + 2MnO + H O23 2

–2+5–2 –1 –2+4
–

 24. In Clark's method of removing temporary hardness of water calculated amount of lime is added to hard water. 
The soluble bicarbonates present in water are converted into insoluble carbonates which settle at the bottom and 
are removed by filtration.

    Ca (HCO3)2 + Ca(OH)2 → 2CaCO3↓ + 2H2O

Mg(HCO3)2 + 2Ca(OH)2 → 2CaCO3 + Mg(OH)2 + 2H2O

 25. Castner kellner cell is also called as mercury cathode cell, Brine solution (saturated NaCl) is electrolysed using a 
carbon anode and mercury cathode. Sodium metal discharged at the cathode combines with mercury to form 
sodium amalgam. Chlorine gas is evolved at the anode.

    NaCl → Na+ + Cl–

  At anode –  Cl– – e– → Cl or 2Cl– → Cl2 + 2e–

    Cl + Cl → Cl2

  At cathode – Na+ + e– → Na

    Na + Hg → NaHg

                                            The Amalgam is treated with water to give sodium hydroxide and hydrogen gas

  2 NaHg + 2H2O → 2NaOH + 2Hg + H2

 26. (a) Difference between diamond and graphite :  

S.No. Diamond Graphite

1. It has a three dimensional network structure. It has a two dimensional sheet like structure.

2. It is the hardest natural substance. It is soft and greasy.

3. It is a bad conductor of electricity but good 
conductor of heat.

It is good conductor of both heat and electricity.

4. It has fcc crystal structure. It has a planar structure.

5. It has four covalent bonds around one carbon 
atom.

It has three covalent bonds around one carbon 
atom.

 (Any two)

  (b) The inorganic benzene is – Borazine (B3N3H6)

   (BH)3 (NH)3

B

NN

B B

N
H

H

H

H

H

H
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PART - D (IV & V)

 27. (a) Given : Carbon – 33.18%, Hydrogen – 4.60%, Oxygen = 29.49% Chlorine = 32.72% 

Element Mass% Atomic ratio Simplest ratio Simplest whole number

C 33.18
33 18

12
.

 = 2.765
2 765
0 921
.
.

 = 3.002 3

H 4.60
4 60

1
.

 = 4.60
4 60
0 921

.
.

 = 4.994 5

O 29.49
29 49

16
.

 =1.843
1 843
0 921
.
.

 =2.001 2

Cl 32.72
32 72
35 5

.
.

 = 0.921
0 921
0 921
.
.

 = 1 1

   Empirical formula : C3H5O2Cl
  (b) Avogadro's law : The volume of a gas at constant termperature and pressure is proportional to the number of 

moles or molecules of the gas present.
  (c) Significant figures in 0.0025 is 2. (All the zeros before the begning of the first non-zero digit in a data are not 

significant figure. These zeros simply show the position of decimal point).
 28. (a) Postulates of Bohr's atomic model :
   Bohr's postulates are :
   (i) An electron can revolve around the nucleus in certain fixed orbits of definite energy with emission of any 

reaiant energy. Such orbits are called stationary orbits.
   (ii) An electron can make a transition from a stationary state of higher energy E2 to a state of low energy E1 

and in doing so, it emits a single photon of frequency.

    
n =

 

E E2 1−
h  

where h is the Planck's constant.

   (iii) Only those orbits are allowed for which the angular momentum of the electron is an inte multiple of ......,
    Thus, mvr = nh2p where n = 0, 1, 2, .......
  (b) Electronic configuration of copper (Z = 29)

   [Ar] 3d104s1; 1s22s22p6 3s23p6, 3d104s1

 29. (a)  l = 500 nm = 500 × 10–9 m = 5 × 10–7 m.
    C = 3 × 108 m/sec, h = 6.626 × 10–34 Js

    E = 
hc
λ

 =
 

6 626 10 3 10
5 10

34 8

7
. × × ×

×

−

−

    E = 3.98 × 10–19 J
  (b) Heisenberg's uncertainty principle : It is impossible to measure simultaneously the position and momentum 

or velocity of a small morning particle with absolute accuracy.
   It is represented by :

   (∆p)	(∆x) > 
h

4π
 or m	(∆v)	(∆x) > 

h
4π

   Where	 ∆x = uncertainty in the position of particle 
   	 ∆p = uncertainty in the momentum of particle 
   	 ∆v = uncertainty in the velocity of particle 
    m = mass of the particle.
  (c) Lyman series lies in ultraviolet region (Highest energy with low wavelength).
 30. Postulates of kinetic theory of gases :
  (a) (i) Gases Consists of large number of identical particles. These are so small and so far apart on the average 

that the actual volume of the molecules is negligible in comparison to the empty space between them.
   (ii) There is no force of attraction between the particles of a gas at ordinary temperature and pressure.
   (iii) Particles of a gas are always in constant and random motion.
   (iv) Particles of a gas move in all possible direction in a straight line. During their random motion, they collide 

with each other and hit the wall of the container. In this process they will change pressure of the gas.
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  (b) Liquid drops are spherical in shape because drop always tend to acquire minimum surface area due to surface 
tension and for a given volume the surface area of sphere is minimum.

 31. Hess's law : According to Hess's law "The enthalpy change in a chemical reaction is the same whether the reaction 
takes place in one step or in several steps. If it takes place in several steps. The enthalpy of the reaction is algebric 
sum of the enthalpies of reactions corresponding of all the steps.

  According to Hess's law of constant heat Summation.
    DH = DH1 + DH2 + DH3
  Where DH, DH1, DH2, DH3 are the change in enthalpy in different paths of the reaction.
   e.g.,	Reactant	A	is	changed	into	product	B	directly,	the	change	in	enthapy	is	∆H1 A →	B	∆rH	=	∆H1
   If A is converted into B in three steps.
    A →	C	∆rH	=	∆H2
    C →	D	∆rH	=	∆H3
    D →	B	∆rH	=	∆H4
   According to Hess's law :
   	 ∆H1	 =	∆H2	+	∆H3	+	∆H4

  (b) Mathematical expression for first law of thermodynamics :
   	 ∆U	 =	q + W
                               Where,  U = Internal energy 
                                               q = amount of heat supplied
                                             W = amount of work done.
  (c) The SI unit of entropy is joules/kelvin.
 32. (a) Isolated system : It is a system which can not exchange matter and energy with the surroundings. Both 

matter and energy of the system are neither lost nor gained.
   e.g., Tea is a thermos flask.
  (b) The allotropic form of carbon which is more stable is graphite. It has standard entropy zero and one delocalized 

electron per carbon.
  (c) Spontaneous process : A process which can take place either of its own or under some initiation is called 

spontaneous process. e.g., All natural processes, falling water can turn a wheel.
 33. (a) Le-Chatelier's principle : A change in any of the factors that determine the equilibrium conditions of a system 

will cause the system to change in such a manner so as to reduce or to counteract the effect of the change.
   2H2(g) + CO(g) → CH3OH(g)
   According to Le-Chatelier's principle, if in a reaction in equilibrium if the concentration of reactant increased 

the equilibrium shifts in the forward direction.
   (i) If H2 is added in the reaction, so the equilibrium shifts in the forward direction.
   (ii) If CH3OH is added in the reaction i.e., increases in concentration of products, the equilibrium shifts the 

backward direction.
  (b) Expression for KP for the reaction – KP = 

   CaCO3(s) 
D� ⇀��↽ ���  CaO(s) + CO2(g)

  (c)  KP = KC (RT)∆n

   If n = 0, then KP = KC
   H2(g) + I2(g)  2HI(g)
 34. (a) The conjugate acid for CN– :
                                                                          CN– + H+ → HCN
   for H2O is H3O+.
  (b) 0.01 M NaOH solution    We know that
    pOH = – log 0.01  pH + pOH = 14
    pOH = 2
    pH + 2 = 14
    pH = 14 – 2 = 12
  (c) Solubility product : At a given temperature Ksp (solubility product constant) is equal to the product of the 

molar concentration of the ions is its standard solution, each concentration raised to the power equal to the 
number of ions product by the dissociation of one molecule of the electrolyte.
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 35. (a) Estimation of halogen by carius method : In this method a known mass of the organic compound is heated 
with fuming nitric acid and a few crystals of  silver nitrate in a furnace. Carbon and oxygen are oxidised to 
CO2 and H2O and the halogen forms silver halide.

   Mass of halogen = 
At.mass of halogen × Mass of silver halide formed

108  At.+ mmass of halogen

Sealed capillary

Fuming HNO3 AgNO3

Organic compound

  (b) The functional isomerism is due to the difference in the functional group present in the molecules.
   e.g., the molecular formula C3H6O represents two functional isomers (aldehyde and ketone).
   CH3 — C — CH3                                             CH3CH2CHO
                ||                                                               Propanal
                 O
         Propanone 
 36. (a)   

S.No. Inductive effect Electromeric effect

1. It is transmitted through s-bonds. It is transmitted through p-bonds.

2. It is permanent state of polarization. It is temporary and reversible.

3. Inductive effect is represented by an arrow in 
the middle of the line  ( ).

Electromeric effect is represented by an head ar-
row ( ).

  (b) CH3 — CH2 — CH = CH — COOH
   5            4            3          2          1
   Pent - 2 - en - 1 - oic acid
  (c) By distillation (under reduced pressure).
  (d) Free radicals : It is an atom or group of atoms which has an odd or unpaired electron. There are produced on 

homolytic fission of covalent bond.

Cl Cl
Heat or

light
Cl + Cl

Chlorine free radical

 37. (a) Mechanism of chlorination of benzene :
   Step 1 : Generation of electrophile (Cl+)

Cl2       +     FeCl3            → Cl+ + FeCl–4
                                                                         Lewis acid
   Step 2 : Attack of electrophile on the benzene ring : The electrophile (Cl+) attacks the benzene ring in a slow 

step to form carbocation intermediate.

+ Cl+
Slow

H
H Cl

+

H Cl

+

H Cl

+

H Cl

+

Resonance
hybrid
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   Step 3 : Removal of H+ ion by the nucleophile :

H Cl

+ FeCl4
–

Cl

Chlorobenzene

+ FeCl3 + HCl+

  (b) Friedel Craft Alkylation :
                                             CH3Cl     +        AlCl3         →        C

+
H3 + AlCl–4

                                                                    Lewis acid

+ CH Cl3

AlCl3

CH3

+ HCl

  (c) Carcinogen : Benzene and polynuclear hydrocarbons fused together are toxic and said to posses cancer 
producing property and cause cancer. These are formed by incomplete combustion of organic materials like 
tobacco, coal etc.

   e.g., Naphthalene

 

            Anthracene

 
qq


