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First Semester Msc. Degree Examination, March 2018  
Branch: Chemistry
CH/CL/CM/CA 213- Physical Chemistry –I
(2016 Admissionownwards)
Time:3 Hours								Max.marks:75
SECTION-A
Answer any twofrom a, b, c from each questions. Each sub-question carries 2 marks.
1.a) Calculate the uncertainity product for a moving electron of mass 9.109x
.ie,  .						1mark. 5.79					1mark		
b)Show that y).sin is an eigen function of operator. What is the eigen value?
=
y).sin
=y).sin+y).sin+    y).sin
        = -(y).sin)
Eigen value is 							2marks	
c)State the eigen value postulate of quantum mechanics.
If any measurement of the observable  associated with an operator , only values that ever been observed are the eigen values .Eigen value must be real.                          ie, 
Where is the operator for a physical observable and  is the corresponding eigen value.
2.a) Write Gibbs Adsorption Isotherm and explain the term.
= 										1mark
is the excess conc of solute per unit area of surface.,surface tension, activity of component 2,R-universal gas constant,T-temperature.				1mark
b)Distinguish between physisorption and chemisorptions
	PHYSISORPTION
	CHEMISORPTION

	Physical force like vanderwaals force
Occurs at very low temperature.
Decreases with increase in temperature
Reversible
Specefic
Enthalpy change involved is low
Multilayer adsorption may occur
Low activation energy
	Strong chemical forces
Occurs at high temperature
increases with increase in temperature
Irreversible
Non specific
Enthalpy change is high
Monolayer is possible
High activation energy


Any four differences -2marks
c)Outline the principle of X-ray photoelectron spectroscopy.
Basic principles involved are 
When a surface is irradiated with X-ray photons of sufficient energy, hv, photoelectrons of inner shells can be ejected with a kinetic energy (KE) equal to EKE=Ephoton-EBE–φwhere Ebinding is the binding energy (BE) of the electron, Ephoton is the energy of the X-ray photons being used, Ekinetic is the kinetic energy of the electron as measured by the instrument and φ{\displaystyle \phi } is the work function dependent on both the spectrometer and the material. 
Equation shows that X-ray photoelectron spectroscopy (XPS) is capable of providing elemental analysis since no two atoms in the periodic table exhibit the same set of electron energies. Moreover, since a given atom is characterized by different energy levels, as a function of its oxidation state, XPS can in principle be exploited for collecting electronic environment information. Differences in BE of a given level of a given atom are named 'chemical shifts' and range between 0.1 and 10 eV.							2marks
3.a)Explain the term fugacity.
Fugacity is a sort of fictious pressure which is used inorder to retain for real gases simple form of equations which are applicable to ideal gas only.
dG=nRTdlnf
It does not depend on the nature of gas.						2marks
b)Calculate the entropy change when an ideal gas expand reversibly and isothermally from an initial volume of 10 dto final volume 100dat 27.
,R= 8.314J ,  , ,T=300K
 8.314ln =19.14J							2marks
c)Explain the significance of DuhemMargules equation.
DuhemMargules equation is 
This is applicable to two component liquid solutions, whether ideal or non ideal.
(Equation 1mark significance 1mark)
4.a)What is secondary salt effect?
The secondary salt effect is the actual change in the concentration of the reacting ions resulting from the addition of electrolytes. In a reaction where H+ or OH– ions produced from a weak acid or weak base act as catalyting agent, the addition of salt influences the concentration of H + or OH– ions. Since the rate of reaction depends upon the concentration of H + or OH– , it will be affected by the salt concentration. This phenomenon is known as secondary salt effect.
It is involved in catalytic reaction.It is used to study kinetics in solutions. It can be studied by changing the actual conc. of the catalytically active ions . If these are produced by a strong acid or base the secondary salt effect is negligible. However they become important in the case of weak electrolyte.									2marks
b)Explain the term ‘potential energy surface’.
Atoms in a molecules are held together by chemical bonds.As the new geometry is formed,the molecules stays stationary.Therefore the energy of the system is not caused by the kinetic energy,but depends on the position of the atoms(potential).Reaction     A               C
PES is used in computational                                                                      B                            chemistry  to model chemical                                                                                                                       reaction  by relating the energy of                                                                                    molecule.The energy profile diagram                         E               A                                                             gives a qualitative representation                                                                                          of how P.E varieswith molecular                                                                                   C                                           motion for a given reaction process.
                                                                                           
                                                                                               REACTION COORDINATE

c) What are E-type and P –type phosphorescence?
E-type fluorescence is the radiative process from the first excited singlet state to the ground state where in the excited singlet state is populated by thermally activated radiation less transition from the first excited triplet state. Eosin is an example which exhibits such delayed fluorescence.
P-type fluorescence is the process in which two molecules in the triplet state collide with each other to give a molecule in the excited singlet state and other in the ground state.The molecule in the excited single state then returns to the ground state by emitting light.This process is also called triplet-triplet annihilation. Pyrene exhibit such triplet-triplet annihilation process.(2marks)
5.a)Write Virial equation of state and explain the terms.
The product PV is expressed as a power series in  1/V as follows.
PV = RT
B(T),C(T) etc which depends upon temperature are called second ,third etcvirial coefficient respectively.P- pressure of gas,V –volume of gas,T-temperature,R-universal gas constant. First terms neglect all molecular collision, second term account for bimolecular collision and so on..
Virial equation can also be expressed in power series in pressure
PV = RT+B(T)P+C(T)…………………………………………	2marks
b)Find the relation between root mean square velocity and most probable velocity of a gas at a definite temperature.
Root mean square velocity =				1/2mark                                                                                         most probable velocity =					1/2mark
RELATION = : =					1mark
c)Write equation of states for liquids and explain the terms.
An equation of state for liquids can be deduced in terms of coefficients of thermal expansion(and compressibility (k)
=and k = 
We get, =……………………………………….(1)
Eqn (1) relates the volume of substance with temperature. For most of cases  is positive with some exceptions. Eg water between 0 to 4 has negative value  .
………………………………………….(2)
Eqn (2) predicts the volume of condensed phase get decreased linearly with increase in pressure. Combining (1) and (2) we get                                                          
= ……………………(3)
The constants  and k in eqn  (3) depends upon the nature of condensed phase. (Any one equation with explanation 2marks)
	SECTION-B	
Answer either a orb of each question. Each question carries 5 marks
6. a) What are Hermitian operators? Prove that “the eigen functions of a Hermitian operators that corresponds to different eigen values are orthogonal”.
An operator  is said to be hermitian ,when it have the property
d                           or
d
Where ϕ and  two different eigen functions.					2marks
We have to prove that “the eigen functions of a Hermitian operators that corresponds to different eigen values are orthogonal”.
Proof :

 d  = =d ………………………(1)
Since  is hermitian
 d  =      =  = ….(2)
From (1) and(2)
d
, 
So  = 0 , condition for orthogonal
Hence we proved.									3marks
b) Write a note on Quantum mechanical tunneling?
The passage of particles (electrons) through a potential barrier is normally called tunneling or tunneling effect. In this effect the particle leaks through a narrow potential barrier, which constitutes a forbidden zone, provided the electrons are assumed to be a classical particle.It is also fact that there is a finite probability of electrons passing from one zone to another,arises as a consequence of quantum mechanics.
The fast decaying tail on a wave function, which passes through a classically forbidden zone of barrier having finite thickness, emerges from the remote side , and becomes wave-like again is called tunneling or tunnel effect.
By plotting a diagram of potential barrier has finite thickness

                              ----------------  
	zone 1                zone 2              zone 3
                         V
                               --------------------------------------------------------

                             0                   X=0                    X=a                         X


In zone 1: the energy of particle is greater than potential energy of barrier.So the particle remains within the barrier. EV.                                                                               Zone 2: VE;                                                                                                                      Zone 3 : EV ,particle energy is greater than potential barrier.                                  In zone 1 most of the particle reflected back zone 1,where as some particles may penetrate the barrier and continue moving to right in zone 3.
The probability of finding the particle in zone 3 comparing with zone 1, denotes the probability of penetration of barrier.
Importance
· The electrical breakdown of insulator
· The switching action of a tunnel diode
· The reverse breakdown of semi-conductor diode
· The emission of - particles from radio elements
 (Correct explanation with five points 5marks)
7. a) Provide the statistical derivation of Langmuir adsorption isotherm?
Langmuir adsorption isotherm –Statistical derivation
Suppose N molecules of an ideal gas are adsorbed on the surface of a solid on which M sites are available. It is assumed that only unilayer adsorption is being taking place. Here the adorbed gas molecules are in a potential field of the solid. Thus the free translational motion of a gas molecule is replaced by vibration on adsorption in the potential well of depth say Uo. The Langmuir model corresponds to localized adsorption for which the kinetic energy kT is less than Uo. 										(Postulate -1mark)
So translational degrees of freedom are replaced by three vibrational degrees. The partion function is given by 

z(T) = zνxzνyzνzexp(-Uo/kT) where zνx, zνyandzνzare one dimensional harmonic oscillator partition functions with frequencies νx, νy and νz respectively. For a system of M sites and N molecules the total partition function is given by Z = zN(T) where M≥N. The number of way of distribution is then given by 

Hence the total partition function should be 
On taking logarithms and applying Stirling’s approximation, we get
lnZ = MlnM-NlnN-(M-N)ln(M-N)+Nlnz
Gibbs free energy is given by dGs = -SsdT+ γdA + Σµ dN
Where the superscript s denotes the surface.γ is the surface tension and dA is the area of surface which is proportional to M and μ is the chemical potential.


For the surface phase the Gibbs and Helmholtz free energies are identical, then
Gs = -kTlnZ  from above equations



where θ = N/M, the fraction of sites covered. If the adsorbed phase is in equlibrium with gas at pressure p, then from thermodynamics
µ = µ0 +kTlnP


or

then

which is Langmuir isotherm	         
                                                                 Derivation-3marks           Final equation – 1 mark
b) Explain Langmuir Hinshelwood model of bimolecular surface catalyst.
Two molecules Aand B can react on a surface if they are being adsorbed on neighbouring sites. These two elementary process may be written as ,
                            A+S   		 AS 

           B+S                          BS


AS+BS                                    Product +2S                                  S-vacant sites
Applying SSA to [AS] and [BS] , we get


If and are the fractions of surface covered by A and B respectively
[S] – conc. of vacant sites on surface .
Then [AS] =
          [BS]=
       [S]=)
total conc. of surface sites
 =0
=0
            0 ,
)= )
)
On putting the values of  and in ); we get 


Rate =  =    (correct derivation 5marks)
8.a) Explain chemical potential. Predict the influence of temperature and pressure on chemical potential.
 Chemical potential may be defined as the contribution per mole of each particular component of the mixture to the total free energy of the system at constant temperature and pressure.
………………………….(1)			1mark
Variation of chemical potential with temperature
Differentiating eqn (1) w.r.t. T
 ……………………………….……(2)

= -S……………………………………………..(4)
Differentiating eqn (4) w.r.t.
- = -…………………………….(5)
,partial molar entropy					2marks
Variation of chemical potential with pressure
Differentiating eqn (1) w.r.t. P
 ……………………………………(6)
From (3) we get ,
= V……………………………………………..(7)
Differentiating eqn (4) w.r.t.
 = …………………………….(8)
,partial molar volume						2marks
b) What are excess functions? Derive expressions for excess free energy and excess entropy?
The difference between a thermodynamic function of mixing for a non-ideal solution and that for an ideal solution at the same temperature and pressure is known as excess thermodynamic function.									1mark
If X is a thermodynamic function of mixing   represent excess function

Excess function expressed in terms of activity coefficient
Excess Gibbs free energy ,
]
Where and  are activity coefficient						2marks
Excess entropy,
]-R[]			2marks
9.a) Briefly explain the relaxation method of studying fast reaction.
In relaxation methods a chemical equilibrium is perturbed by a rapid change in one of several possible external parameters like temperature , pressure and electrical field intensity. The change in equilibrium is then followed by spectrophotometric and conductometric techniques.The rate of this change is called relaxation. Relaxation studies are carried out with such parameters as temperature,pressure and electric field.						2marks
Any one method-pressure jump or temperature jump method			3marks
Temperature jump method: Strong current is passed through a cell containing reactive system at equilibrium in a conducting solution. As the current passes temperature changes and during the time interval the concentration of the reacting species adjusts to new equlirium value corresponding to th temperature jump. As a result the intensity of the light beam leaving the cell and entering the detector is changed thus a curve showing the variation of concentration versus time is displayed on the oscilloscope screen.
Pressure jump:This allows the study of the shift in equilibrium of reactions that equilibrate in periods between milliseconds to hours.These changes are then observed using absorptionspectroscopy, or fluorescence spectroscopy.  Fast drops in pressure were achieved by using a quick release valve or a fast burst membranewhich is one directional. Pressure changes in both directions can be achieved using double reservoir arrangement or by pistons operated by piezoelectric actuators.
The fractional extent of the reaction (i.e. the percentage change in concentration of a measurable species) depends on the molar volume change (ΔV°) between the reactants and products and the equilibrium position. If K is the equilibrium constant and P is the pressure then the volume change is given by:

{\displaystyle \Delta V^{o}=-RT\left({\frac {\partial \ln K}{\partial P}}\right)_{T}}
where R is the universal gas constant and T is the absolute temperature. The volume change can thus be understood to be the pressure dependency of the change in Gibbs free energy associated with the reaction.
b) Explain various photophysical phenomena usingJablonski diagram.
Jablonski diagram 


 (
ISC
) (
IC
)
 (
IC
)

 (
ABSORPTION
)
 (
PHOSPHORESCENCE
) (
FLUORESCENCE
)


is the singlet ground state.
are singlet excited states       ,     IC- internal crossing
are triplet excited states         ,     ISC-inter system crossing
Molecule absorb photon of radiation and get excited to higher energy state. On return to ground state they discipitate energy in the following ways
(1) Non radiative transition (it involves IC and ISC). molecule discipitate energy in the form of heat by molecular collision
(2) radiative transition (=fluorescence,  = phosphorescence)
(3) Chemical reaction. Molecule discipitate energy by taking part in chemical reaction.Molecules which were in triplet excited state will take part in chemical reaction
(diagram 2marks, explanation 3marks)
10.a) Illustrate a typical radial distribution curve of a liquid and explain the structure.
A radial distribution function, (or pair correlation function) {\displaystyle g(r)}g(r) in a system of particles, describes how density varies as a function of distance from a reference particle. It is a measure of the probability of finding a particle at a distance of {\displaystyle r}r away from a given reference particle, relative to that for an ideal gas. A typical radialdistribution curve for a liquid is given in figure. One way way of quantifying special structure of liquids is through the use of radial distribution function. Radial distribution curve forliquidsexhibits several peaks, indicating that at certain radial values, it is more likely to find particles than at others. This is a result of the attractive nature of the interaction at such distances. The plot of g(r) also shows that there is essentially zero probability of finding particles at very small distances (less than about 1.0Å in the figure) from each other. This is due to the presence of very strong repulsive forces at short distances. Thus a first sphere of radius r1(1.0Å in this particular case) is indicated by the first peak where the possibility of nearest neighbours is maximum. A sphere of next nearest neighbours at r2 is indicated by next peak. The existence of this short range order means that the radil distribution function can be expectedto oscillate at short distance with a peak at r1 , a smaller peak at r2 and so on.
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/3/31/Lennard-Jones_Radial_Distribution_Function.svg/300px-Lennard-Jones_Radial_Distribution_Function.svg.png]
(Diagram2 marks,explanation3marks).
b)Explain any one method for determinig surface tension of a liquid?
Any one method-drop weight method or drop number method-with figure
[Drop weight method
…(1)
About 20 drops of a given liquid are received from drop pipette in a weighing bottle and weighed.Weight of one drop is found .The drop pipette is again cleared and dried.It is filled water ,weight of one drop is determined. Surface tension of liquid is calculated from eqn (1)
(Explanation of any one method 5marks)
SECTION-C
Answer any three questions. Each question carries 10 marks
11) Solve the time independent schrodinger wave equation of a 1-d harmonic oscillator and obtain expressions for the wave function and energy of the system.
If a particle of mass ‘m’, oscillates about the origin on x-axis such that the restoring force ‘F’ is proportional to displacement ‘x’ then it is called 1-D simple harmonic oscillator.
Its potential energy is given by,   =  kx2   and 
Kinetic energy,      
Schrodinger wave equation become,  …………(1)		2mark
Let,     , and y= ,  
Substituting in eqn (1) we will get 
+(  ………………………………………………………..(2)		1mark
Here we are trying to get an approximate solution first
Let y be very large, then   can be neglected in comparison with 
Eqn (2) reduces to

Solution of this eqn as per rules of proper behavior is 				1mark
Let f(y) be the correction function such that  ……………….(3)
Inorder to ascertain the nature of f(y) substitute eqn (3) in (2)
 …………………………..(4)

So, ……………………………(5)
Eqn (5) is identical with Hermiteeqn only when
Hermiteeqn: H’’(y) - 2yH’(y )+ 2nH(y) = 0 ………………………….(6)
Solution of eqn (6) is hermite polynomial: (y) = ……..(7)
By multiplying with normalization constant, general solution of 1-D harmonic oscillator is 
(y)  …………………………………………………(8)	4marks
Evaluation of energy : from (6) 
E= (n+) ……………………………………………………………(9)	2marks

wave function  and its corresponding eigen values 
12) Derive expression for BET adsorption isotherm?
Postulates of BET theory
The rate of evaporation from the first layer is equal to the rate of condensation on the preceding layer ie,    …………………………………………….(1)rate of adsorption of the first layer
Similarly   …………………………………………(2
 ………………………………………………………….(3)
Total surface area, A =  ……………………………………………(4)
Total volume adsorbed, V =  ………………………………(5)
 ……………………………………………………………………….(6)
= A ,which is the volume required to form monolayerSome assumption

From (1) ,we get  ……………………………………………..(7)
 Where y = 
From (2) we get where , x=

…………………….……………………………………………………………(9)
………………………………………………………………..(10)
We can write eqn (6) as      …………………..(11)
On solving we get =  …………………………….(12)
Put x = we get     =  ……………………………………….(13)
Eqn (13) is BET adsorption isotherm equation.
On plotting against we will get a straight line with slope and intercept .
BET eqn for ‘n’ layers is given by
= …………………………………………………. (14)
When n=1 BET eqn reduces to Langmuir eqn. (Correct derivation 10marks)
13) Explain any two methods for determining partial molar properties
1Method of intercepts: This method is used to determine the partial molar properties of a binary mixture of anu composition. Let x be the mean value of a particular extensive property per mole of mixture so that  X = (n1+n2)X ...........(1)
differentiating w.r.to n2 at constant n, T and P

...................(2)



 ie  where N1 is the mole fraction of the component 1. or  multiplying with dx

...................(3) substituting (3) in (1)

.............(4) Plot mean molar property x for mixtures of various composition against mole fraction N1. Tangent CD is drawn to  at the point at which partial molar property is to be determined. Horizontal line EF drawn parallel to AB through O. Slope CD = dx/dN1
Intercept CE = N1 dx/dN1 at O
[image: E:\CCI24018.jpg]

The value of AE is equal to value of x at point O. From (4) the distance ac gives partial molar property X2 . BD gives value of  for the mixture whose composition is represented by the point O.


2.From apparent molar properties: Suppose X be the value of particular propert for a mixture having n1 moles of constituent 1 and n2 moles of constituent 2 and x1 value of property per mole of pure component1. Then apparent molar value x of given propert for component 2 is given by.............(1)
X-n1x1 = n2x......................(2) Differentiating w.r.to n2 keeping n, T and P constant so that n1x1 is constant.

.......(3) or 




and molarity m= n2 if n1 is constant.

 When apparent molar property x is determined for various values of n2 with n1 constant or at various molarities it is possible to calculate the partial molar property from the slope at any given composition of the plot of x against n2 or against logn2
Any two methods (5+5 marks)
14) Discuss absolute reaction rate theory.                                                                       
The theory is conveniently treated into two stages
1) Formation of rate eqn using statistical method
2) Formation of rate eqn using thermodynamic state function
Statistical methodPostulates
Consider bimolecular reaction between A & B
A+B                                                     product
Rate of the reaction = rate of decomposition of activated complex.
 Rate of decomposition of activated complex is equal to the product of frequency of crossing the energy barrier,conc.of activated complex and probability of crossing the energy barrier.
Rate of the reaction = =
Specefic reaction rate = 
.......................(1)Applying law of mass action into first equilibrium ………………………..(2)                  is the equilibrium constant                                 (2) in (1)                                                                                                                                                                     …………………………………………..….(3)                                                                                                               in statistical mechanics the value of equilibrium constant in terms of partition function is given by                                                                                              
………………………………….(4)                                                                              (4)in(3)                                                                                                                                        ………………………………(5)                                                             This eqn is regarded as the basis for the calculation of specefic rate of reaction from the physical properties of reacting substances
Thermodynamical derivation
                                                                                                                        We know,
………………………………………(6)                                                               (6) in (3)                                                                                                                    
……………………………………..(7)                                                                      Eqn (7) is called Eyring eqn . This eqn neither involves the conc.terms nor time factor and has only thermodynamic terms which depend upon absolute value of potential energy and bond distance. That is why this theory is called absolute reaction rate .
We have to modify this eqn (7) to involve  in terms of 
Taking logarithm of eqn (3)
ln= lnK-lnh+lnT+ln
=
= = ………………………………………..(8)                                                ………………………………………….(9)
(1) Unimolecular reaction
=0

(2) Reaction in solution

(3) Reaction in gas phase
P=RT                                                            

15) Write notes on :
 i) intermolecular forces and                                                                                                                                                                                                            ii) relative viscosity determination by ostwald method
i) Atoms in a molecules are held together by primary bonds. At the same time the molecules are held together by some other force. These intermolecular forces are called secondary bond forces. These forces are responsible for the aggregation of molecules into solid and liquid phases.These forces are known as vander waals forces. These forces originate from,                                                                                     (1) Ion dipole interaction - responsible for the solvation of ions by polar solvents and the dissolution of ionic substance in such solvent
(2) Dipole-dipole interaction- Polar molecules will have permanent dipoles.The attractive force due to electrical interaction between dipoles. Egetc.Greater the dipole moment,greater is dipole dipole interaction.
(3)Ion-induced dipole interaction-when a positive or negative ion is brought in the vicinity of a molecule in which the valence electrons are far away from the positive nucleus, the electronic structure of the mol;ecule get distorted. As a result of this, an induced dipole is formed which is then attracted to the ion. Eg:the formation of triiodide ion.

(4)Dipole-induced dipole interaction-A polar molecule may polarise non-polar molecule having easily deformable electronic structure & thus induce dipole in that molecule. The induced dipole then interact with the dipole moment of the polar molecule and as a result the two molecules are attracted together.The magnitude of this interaction depends on the dipole moment of the polar molecule and the polarisability of the non polar molecule.Eg:formation of hydrates of inert gas elements.
(5)Induced dipole-induced dipole interaction- according to London, electrons of a neutral molecule keep on oscillating with respect to the nuclei of atoms. As a result of this,at a given time,positive charge may concentrated in one region and negative charge in another region of the molecule.Thus a non polar molecule may become momentarily self polarised . This polarised molecule may then induce a dipole moment in a neighbouring molecule.The force of electrostatic attraction between induced dipole-induced dipole are known as london dispersive force.5marks
ii) relative viscosity determination by ostwald method:
In this method, the viscosity of a liquid is compared with that of another liquid of known viscosity.This is done by comparing the time of flow of equal volume of two liquids through the same capillary by using an instrument called viscometer.


Time of flow of a liquid between the mrks in the Ostwald viscometer is determined and noted as t1.  The experiment is repaeated with the second liquid and the time is noted as t2. Applying Poiseuilles equation  similarly  where V is the volume corresponding to that between the marks.


 but P =

Therefore 

       ;               are the density of liquid 1 and 2 respectively.

[bookmark: _GoBack]   is the relative viscosity of liquid 2 with  respect to liquid 1. Knowing the absolute viscosity of liquid 2,absolute viscosity of liquid 1 can be calculated. The ratio of absolute viscosity of any liquid with that of water at same temperature is called specific viscosity of liquid. 5marks
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