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10.

11.

12.

Section A (Short Answers)

Answer questions up to 20 marks.

Each question carries 2 marks.
State first law of thermodynamics and give its mathematical expression.
What is a spontaneous process ? Mention the criteria for spontaneity in terms of free energy.
Define surface tension ? What is the effect of temperature on surface tension of a liquid.
What are colligative properties ? Give one example.

Define specific conductance of an electrolyte solution. Explain the variation of specific conductance

with dilution.
Give any four advantages of conductometric titrations.
Write down Bragg’s equation and explain the terms involved.

What is meant by electrode potential? What is the value of electrode potential for Standard Hydrogen

electrode ?

How does temperature and pressure influence the solubility of gases in liquids ?

Write any four postulates of kinetic molecular theory of gases.

If the pressure and temperature of 6 litres of a gas is doubled, what would be its volume ?
Define RMS velocity and give its mathematical expression derived from Maxwell equation.

[Ceiling of marks : 20]
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21.
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Section B (Paragraph)

Answer questions up to 30 marks.

Each question carries 5 marks.
What are fuel cells ? Describe the functioning of H,, — O, fuel cell.
(a) Account for the entropy change of the universe for a reversible process with suitable explanation.

(b) Calculate the entropy change in melting of 1 Kg of ice at 25°C. Heat of fusion of ice
is 334.72 Jg L.

Briefly explain the principle of conductometric titration with reference to weak acid-strong base

titration.
Explain Maxwell distribution of molecular velocities using suitable diagram.

What are miller indices? Determine the miller indices for a plane when the intercepts along the
axis are : (i) 2a, 3b and 2c ; and (ii) 1a, 2b and 3c.

Explain the determination of molecular mass using any one of the colligative properties.
Write a short note on non-stoichiometric defects in crystals.
[Ceiling of marks : 30]

Section C (Essay)

Answer any one question.

The question carries 10 marks.

(a) Describe buffer solutions with an example each for acidic and basic buffer. Explain the buffer

action of acetic acid/sodium acetate buffer.

(5 marks)
(b) State Kohlrausch’s law and explain any two applications of the law. (5 marks)
(a) Write a short note on various symmetry elements in crystals. (5 marks)

(b) Write down the van der Waals equation and explain the terms. Give a detailed account for the

deviation of real gases from ideal behaviour.
(5 marks)
[1 x 10 = 10 marks]
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Section A (One Word)

Answer all questions.

Each question carries 1 mark.
A system which can neither exchange energy nor matter with its surrounding is called
For a reversible process, entropy change of the universe is

For a process involving only pressure-volume work, the internal energy change is equal to the
heat absorbed or evolved at constant

At constant temperature, the ———— of a given mass of gas varies inversely with volume.

The most probable velocity of a gas increases with increase in

Amorphous substances are ———— because they exhibit same value of any property in all
directions.

Surface tension of a liquid ————— with in temperature.

A —— solution resists changes in pH even on addition of small amounts of acids or bases.

Give an example for a reference electrode.
Specific conductance of an electrolyte solution ————— with increase in dilution.
(10 x 1 = 10 marks)
Section B (Short Answer)

Answer any seven questions.

Each question carries 2 marks.
State the second law of thermodynamics.

Define enthalpy and write down its mathematical expression.
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Define root mean square velocity. How does it vary with temperature.
Write any two postulates of kinetic molecular model of gases.

Identify the crystal systems
(i) a=b=canda=B=y=90°
(i) azb#canda=p=y=90°.

Define vapour pressure.
What are colligative properties ? Give an example.
State Kohlrausch’s law and write its mathematical expression.

Represent the electrochemical cell in which the following overall cell reaction takes place

Zn + Cu?* - Zn?" 1+ Cu.

What are fuel cells? Write down the net cell reaction of a H, — O, fuel cell.
(7 x 2 = 14 marks)
Section C (Paragraph)

Answer any four questions.
Each question carries 5 marks.

(i) What are the entropy criteria for a spontaneous and equilibrium process ? (3 marks)

(i) Calculate the heat of vaporization of water if the entropy of vaporization of one mole of water

at 100°C is 110 JK~1 mol-1.
(2 marks)

(i) With the help of first law of thermodynamics show that for a process involving only the expansion

work, the enthalpy change is equal to the heat added at constant pressure. (3 marks)

(i1)) What is the change in internal energy of a process if 650 J of heat is absorbed by the system

while 250 J of work is done on the system ?

(2 marks)
(i) What are real gases and why do they deviate from ideal behaviour ? (83 marks)
(i1)) Write down the van der Waals equation and explain the terms. (2 marks)
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24, (i) State and explain Henry’s law. (2 marks)

(ii) The solubility of pure oxygen in water at 20°C and 1 atm. pressure is 1.5 x 10~3 mole/litre.

Calculate the solubility of oxygen at 20°C and at a pressure of 0.3 atm.
(3 marks)

25. Define molar conductance. Explain in detail the variation of molar conductance with dilution for a

strong and weak electrolyte.
(5 marks)
26. (i) State Ostwald’s dilution law. (2 marks)

(i) Calculate the ionization constant of ammonium hydroxide at 25°C ifit is 5 % ionized in 0.25 M

solution at 25°C.
(3 marks)
[4 x 5 =20 marks]

Section D (Essay)

Answer any two questions.

Each question carries 10 marks.
27. (i) Explain in detail the physical significance of free energy and mention the condition of
spontaneity and equilibrium based on free energy change.
(5 marks)
(ii) Consider the reaction : Ny(g) + 3Hy(g) = 2NH,(g). A H°and AS° for the reaction at 25°C are
respectively — 92.22 kJ and — 0.1981 kJmol~!. Calculate the free energy change and predict

whether the reaction is spontaneous or not.

(3 marks)

(ii1) State third law of thermodynamics. (2 marks)

28. (i) Write a note on the different types of liquid crystals and their applications. (5 marks)
(ii) Calculate the average velocity of CO, molecule at 0°C. (3 marks)

(iii) Define Frenkel defect and give an example. (2 marks)
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Describe the determination of molecular mass of a solute using osmotic pressure method.
(5 marks)
Write a note on reverse osmosis and its applications (5 marks)
What is meant by salt hydrolysis? Explain why a solution of sodium acetate in water is basic.
(3 marks)
Explain the conductometric titration between weak acid and a strong base. (3 marks)

Calculate the EMF of the cell Zn/ Zn2+(0.01M)/ Ag* (0.1M)/ Ag. The standard potential of
Zn/ Zn2* half-cell is 0.76 V and Ag*/Ag is + 0.80 V. (4 marks)

[2 x 10 = 20 marks]
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10.
11.

12.

Section A (Short Answers)

Answer questions up to 20 marks.

Each question carries 2 marks.
What is the entropy change of the universe for a reversible process and irreversible process ?
Define closed system and isolated system.
Write down the van der Waal’s equation and explain the terms involved.
Define molar conductance of an electrolyte solution. How is it related to specific conductance.
Explain the effect of temperature and pressure on viscosity of a liquid.
What are buffer solutions ? Give one example each for an acidic and basic buffer.
Write the electrode reactions in a Daniell cell.
What are fuel cells ? Write down the overall cell reaction of a Hy-O,, fuel cell.
What are anisotropic substances ? Give an example.
Explain reverse osmosis and mention one of its application.
What are real gases ? Mention the condition at which real gases obey ideal gas equation.
Define RMS velocity and most probable velocity.

(Ceiling of marks : 20)
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20.
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Section B (Paragraph)

Answer questions up to 30 marks.

Each question carries 5 marks.
Briefly explain Maxwell distribution of molecular velocities using suitable diagram.
What are reference electrodes ? Briefly explain the calomel electrode.

Write down the van’t Hoff equation and explain the terms. Calculate the molar mass of a non-
volatile solute if, at 25°C its solution containing 2.5 g dm™ has an osmotic pressure of 1 atm. Given
R =0.0821 dm? atm K1 mol 1.

Define vapour pressure and surface tension of a liquid. Explain the variation of these properties

with temperature.

Write a short note on stoichiometric point defects in crystals.

(a) State first law of thermodynamics and give any two limitations of the law.
(b) Mention the condition for equilibrium and spontaneity based on AG value.

Describe buffer solutions with an example. Explain the buffer action of acetic acid/sodium acetate
buffer.

(Ceiling of marks : 30)
Section C (Essay)

Answer any one question.

The question carries 10 marks.
a) State and explain Kohlrausch’s law.
(5 marks)
b) Briefly explain conductometric titrations with reference to any two types of acid- base titrations.
(5 marks)

a) Write down the postulates of kinetic molecular theory of gases. Explain for the deviation of
real gases from ideal behaviour.

(5 marks)

b) What are non-stoichiometric defects in crystals. Explain any two non-stoichiometric defects in
detail.

(5 marks)

[1 x 10 = 10 marks]
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Seetion A (Short Answers)

Answer at least eight questions
Lach guestion carries 3 marks,
All questions can be attended.

Overall Ceiling: 24,

What is Photoelectric effect 7
Explain de Broglic's coneept of matter waves with evidences,

Give expression for radius of Bohr orbit, velocity and energy of an electron in a hydrogen atom

explain terms involved.

Explain term linear operator.

What is meant by well-behaved wave [unction

Draw angular distribulion plots of p orbitals.

What is honding moleeular orbital 7

What i1s the % of s character in sp, sp® and sp? hybrid orbitals ?

What is the approprinte trinl funclion for hydrogen molecule in V. B theory?
What is meanl by normalization of wave function?

What is the type of hybridization and geomelry in (1) NH* ; (2) SiCl,.

Why is hyrid orbitals better oriented than a pure orbital ?

(8 x 3 = 24 marks)
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Section I} (Paragraph)

Anstwer af least live questions

E- Each question careies iomarks

; All questions can be attended.

! Owerall Ceding 25,

]

! 13, The threshold frequency of o metalis 4412 = 10 g1 Caleulate the K.E of photoclectron ejected

when light of wavelength 4000 A alls on surfnce of metnl, i = G626 10 M Jg.

14.  Deseribe ntomic spectrum of hydrogen atom.

15. Caleulate the ground state energy of an electron confined in 1D box of length 0.2 m and caleulate

energy inn =4 level, m = 0.1 10 kg, b = 6,626 % 1015
16. Draw radial probahility distribution curves of 2s and 2p orlntals.
17. Mustrate and explain LCAO apphed for heteronuclear dintomic molecules ¥

18. Explain Born-Oppenheimer approximation.

19, What is the Lype of hybridization in the formation of BH, ? Discnss.
(5 » b = 25 marks)
Sceetion C (Essay)

Answer ety ane questron.

The question carries 11 marks.
20, State and explain postulates of quantum mechanics.

21. (n) Bonding of O, is better explained in malecular orbitnl theory than in valence band theory.

Explain.
(b) Explain the criteria for formation of moleeular orbitals from atomic orbitals.

(1% 11=11 marks)
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THEORETICAL AND INORGANIC CHEMISTRY- 11

Time: Two Hours Maximum: 60 Marks

Scheme

The phenomenon of ejection of electrons from the surface of a metal when light of suitable
frequency falls on it is called photoelectric effect. Visible light eject electron from Cs metal.

2. According to de Broglie's concept, matter of extremely small mass has wave-particle dual
character. The wave character is evidenced by diffraction.
3. r=n’hes/nmZe’ , V = Ze'2nheo, En = - me*Z/8e."h n?
4. An operator is said to be lincar for any two functions fand g, Aleif(x) + cag(x)] = e1[Af(x)) =
+ ca[Ag(x)] Ee Operator (dI/dx) is linear operator. i
5. Well-behaved wave lunction must be single valued, finite, continuous and quadratically
integrable.
6. Angzular distribution plots of Px. Py, Pz orbitals in respective x, y, z axis with opposite sign
on each dumb bell
7. Bondine molecular orbial 1s formed by the addition of the wave functions of the atomic
orbitals. ¥u o= "Va ~ s -
——— s ST —————— ——————————
9. ¥=l-21¥0wsen = A Piese

10, [ 'Pedx =1

11.

12

6 2

17

(1) sp3, tetrahedral (2) sp3. tetrahedral.
Overlapping of hybrid orbitals give stronger bonds with energetically more [avorable
onientations. Hyvbrid orbitals are equivalent in terms of size, shape and energy.

Section B (Paragraph)
(Answer questions up to 30 marks. Each question carries 5 marks)

_Ans. 2046 x 10%) - B — i
_ Atomic spectrum of hydrogen atom is line spectrum. fingerprints of elements. It consists ol

several series of lines appearing in different regions of electromagnetic spectrum. Diagram

of hydrogen spectrum mentioning Lymann, Balmer, Paschen, Brackett and Plund series. )
Appearance of each series in which all areas of spectrum. ] e g R e
Foow = 1507 % 107" 1 Eey=24125 1017

"\',-—' 2.1 = | pode and 2p = 2-1-1=0 node, ina plat of dn'R,° avainst r(A).

LCAO principle. for a diatomic molecule AB, il'the electron is close to nucleus A. and has

little influence of nucleus B. MO resembles the AD of A Hirly vice versa ie overall wave

function ol a molecule linear combination of atomic arbutals. *Pay i, = Ci'Wa + C%y ¢l and

2 are constants. weightage coefticient for functions '¥x and Wn. Illustrate with an example.

—

i
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18. According to Born-Oppenheimer approximation nuclei being massive than electrons,

nuclear motions are much slower than electron motions. For evaluating electronic motion

nuclei considered as fixed in space so that internuclear distance remains constant. Instead

of solving molecular wave equation for moving electrons and nuclei, we first solve it for

moving electrons in a fixed nuclear configuration and then solve equation for nuclear motion

by considering electronic energy derived in previous step as P.E for nuclear motion. On

applying Born- Dppcnlmmcr approximation we write the total wave function as product of

electronic and nuclear wave function, "Wiga = e 'l

19. Equation for hybrid orbitals *I* sp2(1) . 'V sp2(2) and ¥ sp2(3) and ‘¥ sp2(])= 11V3'Ws .
V(2730 px: ¥ sp2(2) = IN3Ws . Lve'Ppx + 1/v2 Wpy 1 ‘P sp2(3) = 1/V3'Ws. 1/v6'px -1/v2
Vpy

20. Section C (Essay)
Answer any one. Ench question carries 10 marks

21. 1. Wave function describes complete physical state of a system. 2.for every system, possible
wave funclions aré obtained by solving time dependent Schirodinger wave equation.3. for
wave function to be acceptable as a function it is continuous, finite, single valued and
quadratically integrable 4. To every observable in classical mechanics. there corresponds a
linear Hermitian operatar in quanmm mechanics. 5. The only values that can result from
measurement of an observable *A° will be eigen values satisfying eigen value equation.6. .
The average value of any nh:.cr\'al:-le corresponds lo .ln operator, when a large number of

T SHTeTTTE TS .uL—nnuu.l.u .Ill:u Erﬂ.‘n Lr‘}. "\-" = Irﬂ r U‘L [Upu!lullEIILh '\'-II.H CUTTECT

exnlanalionaml P"lan'R‘Rlﬂrﬂ —— =

=99 (a) O: is paramagnelic and betfer E\pl.llm. inmolecular orbital theory than in valence band

theory. Explain in detail. (b) The molecular orbitals, '"Puog formed by combination of
atomic orbital functions of same sign represents the interaction of electron waves in phase
and their consecutive interference, 1o give a phase whose amplitude is the sum of those of
W, and Wp at every point. Wrely Vo) formed by the combination of AO functions of
opposite sign represents the interaction of electron waves out of phase and their destructive
interference to give whose amplitude id the difference of those of 'Fa and Wp at every point,

J
Sy S R — el T ——
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Time : Two Hours Maximum : 60 Marks
Section A (Short Answers)

Answer at least eight questions.
Each question carries 3 marks.
All questions can be attended.

Overall Ceiling 24.

1. Explain how the shape of p orbitals are deduced on the basis of angular wave functions.

2. Calculate the short and long wavelength limits of the Balmer series in the spectrum of hydrogen
atom.

3. Explain the characteristics of curves for the emission of radiations from a black body at different
temperatures.

~

Demonstrate photoelectric effect on the basis of quantum theory.

What is Hamiltonian operator ?

What is the significance of y and y?2 ?

On the basis of MOT, show that the existence of stable Be, molecule is not possible.

Describe sp? hybridization with a suitable example.

© ® =N o

What is variation principle ?

10. Write down the common features among VBT and MOT.

11. Comment on the magnetic property of C, molecule.

12. Illustrate the combination of two p, atomic orbitals to form molecular orbitals.

(8 x 3 = 24 marks)
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Section B (Paragraph)

Answer at least five questions.

Each question carries 5 marks.

All questions can be attended.
Overall Ceiling 25.

Derive the time independent Schrodinger wave equation.

Deduce the expression for energy of an electron in n'? orbit. Calculate the energy of electron in
hydrogen atom in ground state.

Write the postulates of quantum mechanics.
What is valence bond theory ? Explain with an example.
Explain why hydrogen forms diatomic molecule while helium remains monoatomic.
[lustrate the hybridization and geometry of PCl; and IF,.
Explain the experiment which led to the discovery of spin of electrons.
(5 x 5 = 25 marks)
Section C (Essay)

Answer any one question.

The question carries 11 marks.

Explain Bohr theory of atom model. Derive the expression for Bohr radius. What are the
shortcomings of Bohr theory ?

What is meant by bonding and antibonding molecular orbitals ? How are they formed ? Illustrate
the concept on the basis of hydrogen molecule ion H,".

(1 x 11 = 11 marks)
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10.
11.

12.

Section A (Short Answers)

Answer any questions up to 20 marks.

Each question carries 2 marks.
State Heisenberg uncertainty principle.
What is the work function for photo electric effect ?
Derive de Broglie’s relationship.

Write the Rydberg relation for hydrogen spectrum. Calculate the wave number of second line in
Baimer series.

Write any four postulates of Bohr model of hydrogen atom.

What are eigen functions and eigen values ?

Write the Schrodinger wave equation of hydrogen atom using spherical polar co-ordinates.
Draw the potential energy diagram for H, molecule formation.

What is Hamiltonian operator ?

Calculate the bond order of N, molecule.

What is Hybridization ?

Draw the shapes of PCl; and IF7 molecules.

[Ceiling of marks: 20]
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15.
16.
17.
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19.

20.
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Section B (Paragraph)

Answer questions up to 30 marks.

Each question carries 5 marks.
Draw the molecular orbital diagram of CO molecule. Calculate its bond order ?

Define LCAO of central atom. Explain sp hybridization of BeH, and sp? hybridization of BH,
using LCAO approximation.

Derive an expression for energy for a particle in a one dimensional box.

What is Born Oppenheimer approximation ? What is its significance ?

Briefly describe the importance of variation theorem in quantum mechanics.

Describe Stern-Gerlach experiment. What is its significance in determining atomic structure ?

Derive the expression to determine Bohr radius and energy of electron in the K shell (n = 1) of
hydrogen atom.

[Ceiling of marks : 30]
Section C (Essay)

Answer any one question.

The question carries 10 marks.

Write the postulates of quantum mechanics. Derive time independent Schrodinger wave equation
for particle in one dimensional box. Draw the radial probability distribution curves of 1s, 2s and 2p
orbitals.

What is quantum mechanical concept of chemical bonding ? Explain bonding in following species
(a) H, molecule using VB theory.
(b) H,*ion using MO theory.

(1 x 10 = 10 marks)
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10.
11.
12.

Section A (Short Answers)

Answer questions up to 20 marks.

Each question carries 2 marks
Derive the de Broglie equation.
State and explain Einstein’s photoelectric equation.
Write any four demerits of Bohr’s theory of the atom.
How are matter waves different from electromagnetic waves ?
What is blackbody radiation ?
What is meant by a well-behaved wave function ?

Write the values of all four quantum numbers n, [, m and s for the two electrons present in the 2s
orbital of nitrogen atom.

Explain the term Hermitian operator.

What is Born-Oppenheimer approximation ?

What are antibonding molecular orbitals ?

Predict the hybridization and geometry of PCl; and IF,.

Write the co-efficients of the atomic orbitals involved in sp hybridization.

(Ceiling of marks : 20)
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Section B (Paragraph)

Answer questions up to 30 marks.

Each question carries 5 marks.
13. The kinetic energy of a moving electron is 4.55 x 10~25 Joules. Calculate its wave length.
14. Discuss the atomic spectra of hydrogen using Bohr’s model.
15. Compare the radial distribution plots of 1s, 2s and 2p orbitals.
16. Give the postulates of quantum mechanics.
17. Draw the MO diagram of CO molecule. Calculate the bond order and explain its magnetic behaviour.

18. Describe the LCAO method of constructing molecular orbitals. Illustrate the combination of s-s
and p-p orbitals.

19. Discuss the salient features of hybridization.
(Ceiling of marks : 30)
Section C (Essay)

Answer any one question.

The question carries 10 marks.
20. Give the complete solution of particle in a one-dimensional box.
21. Compare VB and MO theories of chemical bonding.

(1 x 10 = 10 marks)

522515
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Time : Two Hours Maximum : 60 Marks

Secction A (Short Answers)

Answer questions up to 20 marks.
Each question carries 2 marks,

1. Explain Einstein's interpretation of Photoclectric effect.
2. Calculate the wavelength of spectral line in Balmer series if n, = 3.

8. Sketch spectral series of hydrogen atom and label them. Which of these seriesis nhaewad in visible
region 7

4. What is an operator ? Giva:an'exarlnple. :

Write down expression for Hamiltonian opératnr.
Draw radial distribution curve of 1 5 orbitals of H,.
What is antibonding molecular orbital ?

Explain LCAO principle.

© » N oo &

What is the shape and angle of molecule in which the central atom undérgu-es 2!
(i) sp? hybridisation.
(ii) dsp? hybridisation.
10. Which p orbital is involved in (a) sp ; (b) sp? hybridisation.
11. What are the conditions to be satisfied for hybridization of atomic orbitals ?
12. What is orthogonality of hybrid orbitals ?

Turn over



13.

14,
16.
16.
17.
18.
19.

2 ' C 82417
Section B (Paragraph)

Answer questions up to 30 marks.
Each question carries b marks.

Calculate the radius of first orbit of hydrogen atom and ealculate velocity and energy of an electron
revolving in it. g5 = 8.854 x 10-12 C2 m~1 -1,

Explnin the defects of Bohr atom model.

When are molecular orbital said to be (a) normalized + (b) Hermitian.

What are the mnditiuns'for effective lincar combination of atomic orbitals ? Explain.

Give angular distribution plots of d orbitals.

Explain Born-Oppenheimer approximation, ‘

What is the type of hybridization in the formation of CH 4 7 Discuss.
Section C (Essay)

Answer u}ly one guestion.
The question carries 10 marks, |

20. (a) Explain terms radial distribution function and radial distribution curves.

21.

(b) Draw the radial distribution curves for 1s, 2s and 2p orbitals of hydrogen atom.
(a) Calculate bond order of 0,, 0,5, 0,*.

(b) Compare their stability and arrange them in increasing order of bond strength and bond
length.

(¢) Draw molecular orbital diagram of 0,2+.

3



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner





