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SECTION-A 

 

l. Write short notes on: 

(f)  How does the zeolite process work in softening of  hard water? 

Ans: Zeolite process(Permutit Process ) used  for softening of  hard water, In this process when hard 

water containing calcium and magnesium ions passes through a bed of zeolite (a sodium-based 

mineral), the sodium ions in the zeolite are exchanged with the calcium and magnesium ions in the 

water, effectively removing the hardness-causing ions and leaving soft water. 

 

(g)What is the hardness of water? Differentiate between temporary and permanent 

hardness. 

 

Ans: The hardness of water is due to the presence of soluble bicarbonates, chlorides and sulfates 

of calcium and magnesium. Water which does not give lather with soap is known as  hard water. 

Temporary Hardness of Water 

The presence of magnesium and calcium carbonates in water makes it temporarily hard. In this case, 

the hardness in water can be removed by boiling the water. 

When we boil water, the soluble salts of Mg(HCO3)2 are converted to Mg(OH)2, which is insoluble, 

and hence gets precipitated and is removed. After filtration, the water we get is soft water. 

Permanent Hardness of Water 

When the soluble salts of magnesium and calcium are present in the form of chlorides and sulphides 

in water, it is knowns as  permanent hardness because this hardness cannot be removed by boiling. 

We can remove this hardness by treating the water with washing soda. Insoluble carbonates are 

formed when washing soda reacts with the sulphide and chloride salts of magnesium and calcium, 

and thus, hard water is converted to soft water. 

 

(h)What is ionization energy, and how does it vary across periods and groups in the 

periodic table? 
 

Ans: Definition:The energy required to remove the most loosely bound electron from an isolated 

gaseous atom.  

(i)Trend across a period: Ionization energy increases as you move left to right across a period 

because the nucleus gains more protons, pulling the outermost electrons closer and making them 

harder to remove.  

(ii)Trend down a group: Ionization energy decreases as you move down a group because the 

added electron shells increase the distance between the nucleus and the outermost electrons, making 

them easier to remove.  

https://byjus.com/chemistry/calcium-carbonate/
https://byjus.com/chemistry/the-story-of-washing-soda-na2co3-10h2o/
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(i)What is optical activity and how it can be used to distinguish between enantiomers? 

Ans: The property of a compound being able to rotate the plane of polarization of plane-polarized 

light is called the optical activity.  It is used to distinguish between enantiomers because each 

enantiomer of a pair will rotate the plane of polarized light in opposite directions (one clockwise, the 

other counterclockwise), allowing for identification based on the direction of rotation.  

(j) How does a free radical addition reaction occur? 

Ans:   A free radical addition reaction occurs when a free radical, a molecule with an unpaired 

electron, attacks a carbon-carbon double bond, adding itself to one of the carbons and creating a new 

carbon-centered radical, which then propagates the reaction by abstracting another atom from a 

reactant molecule  

A free-radical addition is an addition reaction which involves free radicals. These reactions can 

happen due to the free radicals having an unpaired electron in their valence shell, making them 

highly reactive. 

Example: The addition of hydrogen bromide (HBr) to an alkene in the presence of a 

peroxide is a classic example of a free radical addition reaction, where the peroxide acts 

as the source of free radicals, leading to an anti-Markovnikov addition product.  

 
 

 

 

 

 

 

https://en.wikipedia.org/wiki/Addition_reaction
https://en.wikipedia.org/wiki/Free_radical
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SECTION B

2. a) How can you explain the splitting of d-orbitals in an octahedral crystal field?
Ans.







(b) Give the solution to the Schrodinger equation for a particle in a one-dimensional
box.
Ans.





3(a) a) Provide the molecular orbital energy level diagram for nitrogen (N2).
Based on this diagram, determine the bond order, discuss the molecule's stability,
and explain whether it is paramagnetic or diamagnetic.



Ans.



b) What is fluorescence, and how is it used in medical applications?
Ans. Certain substances absorb radiations and get excited I.e. their electron are raised

to higher energy levels from lower energy level, the excited molecule immediately

remit a part of absorbed radiation at greater wavelength. Such substances which

absorb radiations and emit a part of it immediately at greater wavelength within short

time (10 sec) are called fluorescent substances and this phenomenon is called

Fluorescence.

Medical applications of fluorescence:

4 (a) What are the selection rules for vibrational and rotational transitions in
diatomic molecules?
Ans. The restrictions imposed on the quantum number during any transitions are

called selection rules.

Selection rule for vibrational transitions is ΔV = ±1 where V is vibrational quantum

number.



Selection rules for rotational transitions is ΔJ = ±1 where J is rotational quantum

number.

(b) List two factors that can affect the wavelength (max) and intensity of

absorption bands in electronic spectroscopy. Also explain the reason.

Ans. Two mainly factors that affect wavelength (max) and intensity of absorption

bands in electronic spectroscopy are i) Conjugation (ii) Presence of Auxochrome

Conjugation: Conjugation in a molecule increases the wavelength as well as intensity

of light absorbed in UV spectroscopy. This is because conjugation decreases the

energy gap between the highest occupied molecular orbital (HOMO) and the lowest

unoccupied molecular orbital (LUMO).This increase in wavelength is called a

bathochromic shift and increase in intensity is called hyperchromic shift. For example,

1-butene has a λmax of 176 nm whereas 1,3-butadiene has a λmax of 292 nm as there are

two double bons in conjugation in 1,3-butadiene.

Presence of Auxochrome: Auxochrome is functional group such as -NH2, -OH, -Cl

etc. with non-bonding electrons when attached to chromophore shift wavelength

towards longer wavelength i.e. bathochromic shift or red shift and increase the

intensity of absorption hyperchromic shift.When an auxochrome attaches to a

chromophore, it extends the conjugation of the chromophore. This extended

conjugation lowers the energy of the transition, allowing for a longer wavelength

transition.

4(a) What is the van der Waals equation of state, and how does it describe the
behavior of real gases?
Ans.







b) Describe Boyle's Law and Charles's Law. Also derive the ideal gas equation.
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