PTU Question Paper , 2024

Subject : Chemistry (Solved)

1. Write a shoprt note on : (2x10)

(a) What is Huckel's rule, and how does it predict aromaticity in cyclic hydrocarbons?

Ans. Huckel’s rule was given by Erich Huckel in 1931 to find out the aromatic nature of
the cyclic compounds. By applying Huckel’s rule one can find out if the given compound
is aromatic, anti-aromatic or non-aromatic in nature. As per the rule a compound must

fulfill the following requirements in order to have aromatic character-

a. The cyclic molecule or ion must be planar or nearly planar in nature.

b. It must have cyclic cloud of delocalized n electrons above and below the plane of
the ring.

C. The cyclic compound must be completely conjugated i.e. the m electron cloud

should include all the atoms of the ring.

d. The = electron cloud in the molecule must contain a total of (4n + 2) m electrons

wheren=0,1,2,3,4,5...

The cyclic planar hydrocarbons which have completely delocalized n electron cloud of (4n

+ 2) m electrons (2x, 6w, 10w, 14m...) are called aromatic hydrocarbons.

n=0 4n+2=2n

n=1 4n+2=6n

n=2 4n+2=10n

n=3 4n+2=14n

For example, benzene (CeHs) has completely delocalized electron cloud of 6x electrons

above and below the plane of the ring so it is aromatic in nature.



Planar ring

4n + 2 IT electrons = 61T electrons
Completely conjugated IT system
Aromatic in nature

Planar ring
A 4n + 2 IT electrons = 611 electrons
Ring is not completely conjugated

Non-aromatic in nature

(c) How many "H NMR signal will be obtained in:
(1) CH3-CHCI-CHgs (ii) CH2CI-CHCI,?

Ans. CH3-CHCI-CH3:Two *H NMR signals.

It has two sets of chemically equivalent protons that will results into two *H NMR signals.
The 6 -CHs protons have the same chemical environment so they will absorb at same
frequency hence one signal. The -CHCI- proton has different chemical environment and

thus will absorb at different frequency resulting into 2" signal.

CH3-CHCI-CHj

A B A
CH,CI-CHCI: Two H NMR signals.
Again, the molecule has two sets of protons having different chemical environment and
thus two *H NMR signals. The 2 -CH,CI protons have the same chemical environment so
they will absorb at same frequency and the -CHCI> having different chemical environment

will absorb at another frequency resulting into two *H NMR signals.

CH,CI-CHCl,
A B

(b) How can you explain the effect of doping on the band structure of

semiconductors?



Ans. Doping is the process of adding impurities to a
semiconductor in order to increase the conductivity of a
semiconductior. Doping increases the conducitivity of a
semiconductor by increasing the number of electron or holes.
For example, addition of a pentavalent dopant decrseases the
band gap Eg (energy gap between valence band and
conduction band) by creating the new donor level below the
conduction band. Similalrly addition of a trivalent dopant
decrseases the band gap Eg (energy gap between valence band
and conduction band) by creating the new acceptor level above
the valence band as shown in Fig. Energy level diagram of (a)

n-type semiconductor (b) p-type semiconductor
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(d) What is Fluorescence? Explain with the help of Jablonskii diagram.

Ans. Fluorescence is the process of re-emission of light energy of linger wavelength

immediately after the absorption of light energy. When a substance absorbs light, it gets

excited to the higher energy level i.e. excited state. The excited molecule jump back from

the excited singlet state to the ground state emitting the light of higher wavelength,

fluorescence occurs.
S —————» So+hv
where Si is first excited singlet state and So is ground state

It can be understood with the help of jablonskii diagram:
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Jablonskii Diagram showing Fluorescence

(e) What are different types of Van der Waal's forces?

Ans. There are mainly three types of Vander Forces:

i)

Dipole-Dipole interactions:

Dipole-dipole interactions are present in the

molecules having permanent dipoles i.e. in polar molecules. The word ‘dipole’ means two

poles i.e. a positive and a negative pole. The attraction
arises between the positive end (pole) of one molecule
and the negative end (pole) of another molecule. These
van der Waals forces due to electrostatic interaction
between the dipoles are known as dipole-dipole
interactions.

(ii) Dipole-induced dipole interactions: These
attractions arise between the polar and non-polar
molecules. The permanent dipole of the polar

molecule induces the temporary dipole in non-polar
molecule called induced dipole. The attractive force

developed between dipole and induced dipole.
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Permanent dipole
(a polar molecule)

non-polar molecule
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Induced dipole in
a non-polar molecule



(iii) Instantaneous dipole-instantaneous induced dipole forces (London forces or
Dispersion forces): These are present among the non-polar molecules like Hz, N2, O etc.
For a small fraction of time, the electron cloud of a non-polar molecule becomes
unsymmetrical. During which, it can undergo distortion resulting in the formation of an
instantaneous dipole. This instantaneous dipole induces a new dipole in the neighbouring
molecule (called induced dipole) which helps to sustain the original dipole. This gives rise
to a weak attractive force between the instantaneous dipole and induced dipole. These
forces are also called as London forces or dispersion forces or VVan der Waal forces.

y or A A% or\ 0 o+
& (- ) —— 6 - & -
Instantaneous  Neighbouring Instantaneous Instantaneous
dipole Atom dipole dipole on
Neighbouring
Atom

(f) Differentiate between Real gases and Ideal gases.

Ans.
Ideal Gases Real Gases
1. These gases obey Boyle’s Law and 1. These do not obey gas laws at all
Charle’s Law at all temperatures temperatures and pressures.
and pressures.
2. Collision between the molecules 2. Collision between the molecules
of ideal gases are elastic. of ideal gases are inelastic.
3. There are no intermolecular forces 3. There are intermolecular forces of
of attraction in ideal gas. attraction in real gas.
4. These obey ideal gas equation i.e. 4. These obey Vander Waals
PV=nRT equation i.e.
(P+ an?/V?) (V-nb) = nRT
5. ldeal gases do not exist. 5. Real gas exist e.g. Oz, Hz, CO2, N2
etc.

(9) Distinguish between hard water and soft water.

Ans.



Hard Water

Soft Water

1.Hard water does not form lather with the
soap.

2. It contains dissolved salts of calcium
and magnesium in it.

3. It lowers the cleansing quality of the
soap.

4. It increases the boiling point of water
due to presence of salts of Ca and Mg.

Therefore more time and fuel is used for

cooking.

1. Soft water forms lather easily with the
soap.

2. It does not contain dissolved salts of
calcium and magnesium in it.

3. It does not lower the cleansing quality
of the soap.

4. Less time and fuel is used for cooking.

(h) How would you explain the fact that first ionization enthalpy of sodium is lower
than that of magnesium but its second ionization enthalpy is higher than that of

magnesium?

Ans. lonization enthalpy of an element is defined as the amount of energy required to
remove the most loosely bound electron from an isolated gaseous atom. It depends upon
the atomic radii and effective nuclear charge. First ionization energy of sodium is lower

than magnesium:

Na: (atomic no. 11)

€]
Na e Na
-€ 2 52 o6
152 252 2p6 3Sl — . 1s° 2s 2p
+1E Noble gas

electronic configuration (Ne)

Mg: (atomic no. 12)
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In both Na and Mg the first electron has to be removed from 3s orbital. But the Na has
larger atomic radii and less effective nuclear charge than Mg which leads to easy removal
of electron from Na in comparison to Mg. In addition, Na attains the stable noble gas
configuration of Neon (1s? 2s? 2p®) after removal of one electron from Na. Thus, Na has
lower first ionization energy than Mg. However, the 2nd ionization enthalpy of sodium is
higher than magnesium. The 2" electron from Na* has tom be removed from stable noble
gas configuration in comparison to Mg* which attains the noble gas configuration after
removal of 2" electron. Thus, the conversion of Na* to Na?* requires more energy in
comparison to Mg* to Mg?* which accounts for higher 2" ionization enthalpy of Na than
Mag.

2+

Na e Na
€ 2 9e2 95
1s? 252 2p® —_— > 1s2s% 2p
+1.E,
Noble gas

electronic configuration (Ne)

2+

Mg L © Mg
1s? 2s% 2p% 3st T’ 1s% 2s% 2p°
+1.
2 Noble gas

electronic configuration (Ne)

(i) What is enantiomerism? Explain with an example.
Ans. Optical isomers which are non-superimposable mirror images of each other are called
enantiomers and the phenomenon is called enantiomerism. Enantiomers have identical

physical properties but differ in their behaviour towards plane polarized light. One



enantiomer rotates the angle of plane polarized light towards right and the other towards
left but to the same extent. The isomer which rotates the angle towards right is called
dextrorotatory and the one which rotates towards left is called laevorotatory compound. A

molecule must satisfy the following conditions to show enantiomerism:

a. Molecule must not be superimposable on its mirror image.
b. Molecule must not be symmetrical it should be dissymmetric in nature i.e. it

must not have centre of inversion and plane of symmetry.

Such amolecule is called optically active molecule. For example, the compound 2-butanol
doesn’t have any symmetry element. The molecule is non-superimposable on its mirror

image and thus it is optically active and exists as a pair of enantiomers.

CH3

H3CH2C):’\OH

Non-superimposable: Optically active
(pair of enantiomers)
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(J) What is Markownikov's addition?

Markownikov’s rule states the electrophilic addition of unsymmetric reagent to
unsymmetrical alkene. Alkenes are unsaturated molecules so they show addition reactions.
They are electron rich molecules due to presence of loosely bounded n-electrons. So, they
show electrophilic addition reactions. The rule states that when addition across an
unsymmetrical ethylenic bond takes place and there is possibility of formation of two
products, in the major product the positive part of the attacking reagent goes to the carbon
with the greater number of hydrogen atoms and negative part goes to the other end of the



double bond which carries lesser number of hydrogen atoms. For example, the addition of
HI to the propylene gives us mixture of n-propyl iodide (minor) and iso-propyl iodide

(major)

CH;-CH=CH,  + HI ———» CHj3-CH,-CH,l +  CH3-CHI-CH4
n-propyl iodide iso-propyl iodide

(minor) (major)
The addition initiates by the slow addition of proton (H*) to one of the doubly bonded
carbon atoms to form either carbocation A or B. Carbocation A is secondary (2°)
carbocation whereas carbocation B is a primary carbocation (1°). As 1° carbocation is less
stable than 2° one, the reaction favours the formation of 2° carbocation which upon fast
reaction with iodide ion gives us iso-propyl iodide as major product. On the other hand,
the carbocation B upon interaction with iodide ion leads to the formation of n-propyl iodide

as minor product.

On the basis of mechanistic details, Markownikov’s rule can be explained as: If there is a
possibility of formation of two intermediates in a reaction, the major product will come
from the more stable intermediate.

® ©)
CH3'CH'CH3 - CH3-CH=CH2 —_— CH3-CH2—CH2
A Slow step Slow step B
2° carbocation ) ) 1° carbocation
(Stable) Formation of carbocation (Unstable)
©
Fast | 1° | Fast
CHg-CHI-CH; CHy-CH,-CH,l
iso-propyl iodide n-propyl iodide
(major) (minor)

SECTION-B



2. (a) Give the molecular orbital energy level diagram of Ozand N2. Comment on the

bond order and magnetic characteristics of these molecules.

Ans. Molecular orbital Diagram for O2 and Nz is given below along with their bond order

and magnetic characteristics

(b) Define wave function and give its significance.

Ans. The wave function is the variable quantity of matter wave. Just like in light waves
electromagnetic field vary in space and time, in sound waves, pressure varies in time and
space the wave function varies in electron wave or matter wave. Wave function is

represented by . It describes the behavior of matter wave as a function of space and time.

It has no direct physical significance as it is not an observable quantity. However, its value
of wave functions is related to the probability of finding the matter particle at a given point

in space at a given time.



3. (a) Explain the crystal field splitting of orbitals in octahedral and tetrahedral fields

complexes.

Ans. In octahedral complexes, six ligands approach the central metal ions. The ligand

field results into splitting of degenerate d- orbitals in two sets as shown in figure






(b) Calculate the emf of the cell Zn/ Zn 2+ (0.001M) || Cu2+ (0.1M)/ Cu. The standard

potential of Cu/Cu2+ half-cell is +0.34 VV and Zn/Zn2+is 0.76 V.




4. (a) What are the different factors which affect the value of Amax and intensity of
spectral lines?

Ans. The wavelength at which a molecule absorbs maximum in the UV-visible range is
called Amax. In the UV-visible range the excitation takes place in the electronic energy
levels. On absorption of energy, the electron excites from the highest occupied molecular
orbital (HOMO) to lowest unoccupied molecular orbital (LUMO). So, the value of Amax
depends upon the HOMO and LUMO energy gap.



E = hv (c = vA)
E = hc/n
E o< 1/A

The energy is inversely proportional to the wavelength. So, decrease in the HOMO-
LUMO energy gap leads to increase in Amax and vice-versa. The various factors which
affect the position and intensity of spectral lines are:

1) Bathochromic shift and hyperchromic effect: A decrease in the HOMO-LUMO

gap causes increase in the Amax Value called as bathochromic or red shift. It is also

accompanied by increase in the intensity of spectral lines which we term as hyperchromic
effect.

I. Conjugation of two or more chromophoric groups: Conjugation of double bonds or
two chromophores lowers the HOMO-LUMO energy gap which in turn requires less
energy for the electronic transition and thus shifting the absorption towards higher Amax
and also increasing the intensity of spectral lines. For example, « to * transition-

CH,=CH-CH=CH, A =217 nm
CH,=CH, Amax = 175 nm

Il.  Attachment of an auxochrome to the chromophore: An auxochrome attached to
a chromophore extends the conjugation and thus shifts the absorption to longer
wavelength. For example -NH: attached to the benzene ring shifts the Amax from 255

nm to 280 nm.

NH,

®

Amax = 255 nm Amax = 280 nm



Il. Low polarity solvent: A low polarity solvent increases the energy of non-bonding
electrons (n) and in turn decreases the energy gap between n and n*, leading to shifting of

Amax t0 higher wavelength. For example, n to ©* absorption in carbonyl compounds-

O
J§ Amax = 264 nm (H,0)

HsC™ "CHg Amax = 279 nm (Hexane)

2) Hypsochromic shift and hypochromic effect: An increase in the HOMO-LUMO
energy gap will lead to decrease in the Amax Called as hypsochromic or blue shift which is
also accompanied by decrease in the intensity of spectral lines known as hypochromic
effect.
I.  Removal of conjugation: Removal of conjugation increases the HOMO-LUMO
energy gap and thus shifting the absorption to shorter Amax. For example, protonation
of aniline shifts the Amax from 280 nm to 203 nm.

@

NH, NH,
Amax = 280 nm Amax = 203 nm

(No lone pair of electrons
SO no conjugation)

[l.  Solvent of high polarity: High polarity solvent decreases the energy of non-
bonding electrons and thus increasing the n and ©* energy gap and shifting the
absorption to shorter Amax. For example, n to ©* transition in acetone-

o Amax = 279 nm (Hexane)

Amax = 270 nm (Ethanol)
HsC™ CHs Amax = 264 nm (H,0)

b) What are auxochromes and chromophores? Explain with suitable examples.



Ans. Chromophores: Any group which displays absorption of electromagnetic radiations
in the UV-visible range (200-800 nm) is called a chromophore. In terms of electronic

transition chromophores are of two types:

i n — ©* transitions: Chromophores which contain © electron undergo nm — w*
transitions in the UV-visible range e.g. conjugated m system. An isolated double
bond in alkene absorbs around 170 nm (Amax = 170 nm) which doesn’t come under
the UV-visible range. But the conjugation of two or more double bonds decreases
the HOMO (nr) — LUMO (7*) energy gap and thus the Amax COmMes in the UV-visible

range. For example,

Ethene H,C——=CH, Amax = 170 nm
(Isolated double bond)

1,3-Butadiene - ho = 217 0M
(Conjugated system) L= max
i. n —m* transitions: Chromophores which contain unsaturated heteroatom have both
7 and n (non-bonding electrons) electrons so they can undergo © — n* as well as n
— m* transitions e.g.
(0]
n-m* Amax = 285nm
T-1* }\.max = 180 nm
(0]

n-m* Amax = 220 nm
- * Amax = 178 nm
NH,

® /O n- o Amax = 274 nm

—N

AN

oce

— N—N—— n-m* Amax = 338 nm



Auxochrome: An auxochrome is a group which itself doesn’t show electronic transition
in absorb in UV-visible range (doesn’t act as chromophore) but when attached to a
chromophore it shifts the absorption maximum (Amax) towards longer wavelength i.e.
bathochromic shift along with an increase in the intensity of absorption (hypsochromic
effect). Auxochromes are saturated group of atoms having at least one heteroatom which
contain one or more non-bonding electrons. The non-bonding electrons extends the
conjugation upon attachment with the chromophore and thus decreasing the HOMO-
LUMO energy gap and shifting the Amax towards higher wavelength e.g. -OH, -NHz, -
OR, -NHR, -NR2 groups.

Attachemnt of -NH, as auxochrome
Lone pair of -NH, participates in
conjugation with r system of benzene and

NH,

Benzene extends the conjugation Aniline
Amax = 255 Nnm Amax = 280 nm
€max = 203 emax = 1430

5. (a) Derive relation between Van der Waals constants and critical constants.










(b) Explain Boyle's law and Charle's Law.

SECTION-C

6. (a) Compare the hot lime soda process and the zeolite process of water softening

with respect to the principle involved, advantages and limitations.



Ans. Hot lime soda process and zeolite process of water softening are two major water

softening technologies. Both are discussed below-
1. Hot lime soda process:

Principle: It is based upon the precipitation of hard water upon addition of lime (CaO) and
Soda (Na2COs) at high temperatures of 108-116°C. The precipitation of Calcium takes

place as its carbonate and magnesium as its hydroxide as shown in the following reactions:
Ca(HCOs3), + Ca(OH), — 2CaCOs + 2H20

Mg(HCO3); + 2Ca(OH),—>  Mg(OH)2 +2CaCOs + 2H,0

Advantages

1. It is very economical.

2. Increase the pH of soft water so that softer water does not corrode the water pipes.

3. Along with hardness removal, remove the quantity of other minerals.

Limitations

1. Does not remove the hardness completely therefore the soft water cannot be used in
boilers.

2. Large amount of sludge is form after precipitation, and sludge disposal in another issue.
3. Careful handling and skilled supervision is required.

2. Zeolite process: Zeolite is a micro-porous material made of aluminosilicates having
formula Na2O.Al20s. nSiO2.xH20

Principle: It is based upon exchange of Ca?* and Mg?* ions present in hard water with ion

exchanger resin i.e. zeolite. Here hard water is passed through the column containing



zeolite bed. The sodium ions present in zeolite are replaced by Ca?* and Mg?* ions of hard

water.
NayZe + Ca>*— Ca-Ze +2Na*
(Zeolite)
NazZe + Mg?* —» Mg-Ze +2Na

Zeolite gets inactivated when all Na* ions are replaced by Ca?* and Mg?* ions. Then zeolites

are regenerated by passing the brine solution through it.
Ca-Ze +2NaCl — Na2Ze + CaCl>
Mg-Ze +2NaCl —> Na>Ze + CaCl:
Advantages
1.Remove the hardness completely.
2.No precipitation of impurities take place hence no sludge in formed
3. Less time and less skill and small equipment is required.
Limitations
1. Treated water contains more sodium than lime soda process.

2. It replaces only Ca?* and Mg?* but leaves acidic ions like HCO3 and COs2-. Such soft

water causes the corrosion of boilers.

3. High turbid water cannot be used.



(b) Derive the Nernst equation for the calculation of cell e.m.f.
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7. (a) Define the term electronegativity. How does it vary in the periodic table?

@ In a covalent bond in heteronuclear molecule the different atoms have different
tendencies to attract the bonded pair of electrons towards itself. This property of an atom
to attract the shared pair of electrons in a molecule towards itself is called electronegativity.
Greater the ability of an atom to attract electrons in a bond, larger is the value of its
electronegativity. Electronegativity of an element depends upon its effective nuclear
charge.

Variation of electronegativity down a group: Electronegativity decreases as we move
from top to bottom in a group. While going down in a group the nuclear charge increases
but with each element a new principal shell is added causing increase in the atomic radii
which overcomes the increase in nuclear charge. This results into decrease in effective
nuclear charge as a result of which the electronegativity continuously decreases down a
group.
Variation of electronegativity along a period: Electronegativity increases along a period.
As we move from left to right the nuclear charge increases by one unit with every element
but the electron enters in the same shell which leads to decrease in the atomic radii. As a
result, the effective nuclear charge increases along a period and consequently

electronegativity increases.

(b) lonization enthalpy decreases in a group from top to bottom. Why?



lonization enthalpy of an element is defined as the amount of energy required to remove

the most loosely bound electron from an isolated gaseous atom.

M(g) + lonization enthalpy —— M*(g) + e

It gives a measure of the ease with which an atom can lose an electron and change into a
cation. The smaller the value of ionization enthalpy, easier it is to remove the electron from
the atom. It depends upon the attractive force between nuclei and the last valance electron.
There is a gradual decrease in the ionization energy when we from top to bottom down a
group. The nuclear charge continuously increases down the group but the atomic size also
increases due to addition of another shell with each element. The increase in the shell
number leads to increase in the shielding effect on the outermost electron due to an increase
in the number of inner electrons. The effect of increase in the atomic size and shielding
effect is much more than the effect of increases in the nuclear charge. As a result, the
attractive force for outermost electron continuously decreases as we go down the group

which leads to gradual decrease in the ionization enthalpy down a group.
(c) Electron gain enthalpies of noble gases are positive. Why?

@ The electron gain enthalpy is defined as the amount of energy released when an

electron is added to an isolated gaseous atom.

e
o x- Energy
@ — @ + (Electron gain enthalpy)

The magnitude of the electron gain enthalpy measures the ability of an atom to hold the
additional electron. If an atom has more tendency to hold the electron, a large amount of
energy will be released leading to a negative value of electron gain enthalpy and on the
other hand if an atom has no tendency to hold the electron energy has to be provided from
outside for the electron gain which leads to positive value of electron gain enthalpy. The

electron gain enthalpy of noble gases is zero. The noble gases have stable electronic



configuration of ns? np® and have no tendency to take an extra electron because that will
destabilize the electronic configuration. Consequently, the incoming electron does not feel
any attraction for the nucleus. Thus, for the noble gases to gain electron there is absorption
of energy which leads to positive values of their electron gain enthalpies.

8. (a) Assign R or S configuration of each of the following compounds:

CH,OH @
3 CH(OH)CH,OH Clockwise - R configuration
H—=——0H Reversing it as the lowest priority group
— » 2S
H—2 on @ H OH @ is on the horizontal line
so the configuartion will be 2S
COOH COOH
1 ®
4
CH,OH @
3 CH,OH Clockwise - R configuration
H———O0H Reversing it as the lowest priority group
pr— > 38
n—2 on @ H OH @ is on the horizontal line
so the configuartion will be 3S
CH(OH)COOH

iOOH @

C-2: First, we will give the priority order to the groups attached to the C-2. Now
going from 1 to 3 there is clockwise movement which indicates R configuartion,
but the least priority group is on the horizontal line so reversing it as per the golden
rule it comes 2S.

C-3: Again, we will give the priority order to the groups attached to the C-3. Now
going from 1 to 3 the configuration comes R, but the least priority group is on the

horizontal line so reversing it as per the golden rule it comes 3S.

In the similar manner,



®

Cl

Clockwise - R configuartion
@ Br coor (3) — —— R
Lowest priority groupon vertical line
M so the configuration will remain same

®

(b) Give the conformational analysis of ethane with potential energy diagram for

various suitable conformations of it.

Ans. In ethane molecule (CHs-CHs) the two carbon atoms are connected by a o-bond. If
one of the methyl groups in ethane molecule is kept fixed and the other is rotated about the
C-C bond, a large number of momentary arrangements of the hydrogen atoms on one
carbon with respect to the hydrogen atoms on the other carbon atom in space are obtained
which represent conformations of ethane. In all these conformations, the basic structure of
ethane molecule and various bond angles and bond lengths remain the same. Out of the
infinite possible conformations of ethane only the two extreme ones are important called
staggered and eclipsed conformations.

H H
H H H
_ kS - HHZ% N 5
Edipsed \\\C—C,{( = -
Conformation H‘j‘ \“H ) T
H H H™1 ™H H
H H H H
= 2 H 2 _H
Staggered 1 ZQ“H _ H
Conforrmation \\-\\C_C\ = H =
H l H H H
H™1 "H

H



Eclipsed conformation: Each of the carbon atoms on the back carbon lies exactly behind
each of the hydrogen atoms on the front carbon. In other words, the dihedral angle between
the C-H bonds of two carbons is 0° (superimposed on each other). As a result, the non-
bonded hydrogen atoms are quite close (229 pm) which leads to repulsion between their ¢
electron clouds. This raises the energy of the eclipsed conformation.

Staggered conformation: Each of the hydrogen atoms on the front carbon lies exactly in
between each of the hydrogen atoms on the back carbon which means the dihedral angle
between the C-H bonds of two carbons is 60°. In this conformation the non-bonded
hydrogen atoms on two carbons are as far apart as possible (310 pm) which makes the
repulsions between their o electron clouds minimum. This lowers the energy of staggered
conformation in respect to eclipsed conformation and makes it more stable.

The staggered conformation of ethane is 12.55 KJ mol™ (3 kcal mol) more stable than the
eclipsed conformation. This energy barrier is not very large and the two conformations are

readily interconvertible at room temperature.

Graphing the rotational barrier in ethane (C,Hg) as a function of dihedral angle

The barrier to rotation in ethane is about 3.0 kcal/mol.

>

eclipsed eclipsed eclipsed eclipsed

3
?Eu Hy Hy Hy Hy
(3]
5
s ) ol A "
H HH H HH H HH H HH
I~ '
! 3.0 keal/mol
l f f l f ¢
60° 120 180 240 300 360
H H
H H H H H H
H H H H H H
H H H
staggered staggered staggered

Potential energy diagram and interconversion of conformations of ethane by rotation of C-C ¢
bond



9. (a) Differentiate between SN1 and SN2 reactions.
(@) Differentiate between Sn2 and Sn1 reactions.

Sn2 and Sn1 are nucleophilic substitution reactions in which electron rich chemical
species replaces another electron rich chemical group. The attacking reagent is called
nucleophile (Nu) whereas the group which leaves the molecule is called leaving group.

For example, the nucleophilic substitution reactions shown by alkyl halides.

a A A A
5 N ¢ -LG
S\2 —> LG/kBC —— > LG)C“ S CB)\M
B
Transition state
b A
A A
-LG #.,C :
LGABC - A—NB " Wi C“‘)\‘\J‘ i [‘JUAWC
SNl — B E
Carbocation
1 . 1

S.No.

SN2
Substitution Nucleophilic

Bimolecular

Snl
Substitution Nucleophilic

Unimolecular

1. Number of steps

It is a single step concerted
bond

formation and bond breakage

reaction  where  the

take place in the same step.

It is two-step process where the first
step involves the bond breakage
(formation of carbocation) and the

second involves the bond formation.

2. Reaction kinetics

The rate of the reaction depends
upon the concentration of
nucleophile as well as reactant
that’s why bimolecular (2" order

kinetics).

The slower step is the rate
determining step of the reaction
which involves only reactant so the
rate of the reaction depends upon the
concentration of reactant only that’s

why unimolecular (Ist order kinetics).




3. Formation of | It takes place via transition state | It takes place via the formation of
transition state or | formation which cannot be | carbocation intermediate which can
intermediate isolated. be isolated under freezing conditions.

4. Nature of the alkyl | It is sensitive to steric factors. | It is not sensitive to steric factors. The
halide The order of the reactivity of | order of the reactivity of alkyl halides

alkyl halides is methyl > 1° > 2° | is 3° > 2° > 1° > methyl halide which
> 3°halides. follows the stability of carbocation.

5. Nucleophilic attack | The nucleophile exclusively | The carbocation is planar in nature so
attacks from the back side of the | the nucleophile can attack from both
leaving group. the sides of the molecule.

6. Stereochemistry of | It involves complete inversion of | In case of optically active alkyl

the product configuration. halides, it leads to the formation of
racemic mixture.

7. Rearrangement No formation of rearranged | There is formation of rearranged
products as it is a one step | products due to involvement of
process. carbocation.

8. Nature of | It is favoured by the strong | It does not depend upon the strength

nucleophile nucleophiles like CN-, RO" etc. of nucleophile but favoured by mild
nucleophiles like H,O, CH3;COOH.

9. Concentration of [ It is favoured by high | It does not depend upon the
nucleophile concentration of nucleophiles. concentration of nucleophiles.

10. Polarity of the | It is favoured by solvents of low | It is favoured by solvents of high
solvent polarity or non-polar solvents. polarity

11. Nature of the leaving | It does not depend upon the | The halide should be good leaving

group (halide ion)

leaving capacity of halide ion.

group. The order of the reactivity for

various halidesisI'>Br >Cl > F.

CH, +

(b) Give the mechanism of the following reaction:

hy

al, — - ccl,




This is chlorination of methane which proceeds through free radical mechanism. In this
methane (CHs) and Cl; is either heated or subjected to UV light which leads to replacement

of all the H atoms of methane with -CI group. A free radical reaction consists of three steps:

1. Chain initiation: When subjected to UV light Cl, absorbs energy and undergoes

homolytic fission producing chlorine free radicals (CI).

A~ .
cl—ocl hv . 2CI

Homolytic fission

2. Chain propagation: The chlorine free radical then collides with methane molecule
and abstracts hydrogen producing methyl free radical (CHs) and HCI molecule.
The methyl free radical then further reacts with a molecule of chlorine for the
formation of methyl chloride (CH3Cl) and another chlorine free radical.

RV

H
L+
|

H—T—H + O — H
H
H H
|~ N\~ | '
H—¢Ce + Cl—cC ———> H_T_C' + Cl
H H

The above two steps are repeated over and over again and the chain gets propagated.
A single photon of light absorbed by Cl, can bring about the conversion of a large
number of molecules into CH3Cl. That’s why these reactions are called chain
reactions.

When sufficient amount of methyl chloride has been formed, the chlorine free

radical produced in chain propagation step has a great possibility of colliding with



a molecule of methyl chloride rather than methane. The chloride free radical upon
colliding with methyl chloride produces a new free radical (CH2Cl) which further
collides with Cl, molecule for the formation of methylene chloride and another free

radical. These steps continue till all the hydrogen atoms are substituted by Cl atoms.

CHiCl  + c® ——» "CHCl +  Hcl
‘CH,Cl  + Ch, ——» CHCl, + ¢
CH,Cl, + cl® ———— °‘cHcl, +  HCI
‘CHcl,  + Cl, —> CHCl; 4+ ¢
CHCl, + cl’ — > ccl3;  +  HCI
‘cCly + cl, — » ccy 4+ c

Chain termination: The chain reactions come to a halt if two same or different free

radicals combine without producing new free radicals. For example,

C|. + Cl * —_— CI2

CHj; + cl’ _ CHiCI



