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Answer any five questions
All questions carry equal marks

1.a) Explain the © molecular orbitals of benzene with diagram.
b) Discuss the crystal field splitting of ‘d’ orbitals in tetrahedral field. [7+8]

2.a) What is internal conditioning of boiler water. Write about calgon conditioning and colloidal
conditioning of water.
b) How is hardness of water determined by complexometry? [8+7]

3.a) Explain the lead-acid storage battery.
b) Describe cathodic protection methods for corrosion control. [7+8]

4.a) Explain the markownikoff and anti markownikoff’s additions.
b) Describe the synthesis and pharmaceutical applications of Paracetamol.[8+7]

5.a) Explain magnetic resonance imaging.
b) Describe the selection rules and applications of electronic spectroscopy in
quantitative analysis. [6+9]

6.a) Mention the salient features of crystal field theory.
b) With the help of neat diagram, explain desalination of water. [7+8]

7.a) Discuss the mechanism of electro chemical corrosion.
b) Describe the mechanism of reduction of carbonyl compounds using LiAIH4. [8+7]

8.a) What are the selection rules applicable to uv-visible spectroscopy?
b) Write an account on:

i) Chemical shift
ii) MRI [7+8]

Answer Key

Q1(a) Explain the = molecular orbitals of benzene with diagram.

a) Explain the = molecular orbitals of benzene with diagram.
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Atomic Orbitals and Overlap

Each carbon atom in benzene is sp?hybridized, resulting in a planar hexagonal structure. Each
carbon has a remaining porbital (perpendicular to the plane of the ring) which can overlap
with porbitals on adjacent carbon atoms. The six porbitals combine to form six & molecular
orbitals, which are combinations of these atomic orbitals.

Formation of Molecular Orbitals

The six porbitals combine in a way that results in different bonding and antibonding
interactions. This combination can be visualized as a linear combination of atomic orbitals
(LCAO).

1. Constructive Interference (Bonding MOs):

When the porbitals combine constructively, bonding molecular orbitals are formed. These
orbitals have electron density between the carbon atoms, leading to stabilization.

2. Destructive Interference (Antibonding MOs):

When the porbitals combine destructively, antibonding molecular orbitals are formed. These
orbitals have nodes between the carbon atoms, leading to destabilization.

Energy Levels and Symmetry

The six © molecular orbitals of benzene can be ordered by energy and symmetry:

1. Lowest Energy (Fully Bonding) v

This orbital has no nodes between carbon atoms and is fully bonding. It is the most stable and
lowest in energy. Often denoted as y1 or aig.

2. Intermediate Energy (Partly Bonding and Antibonding) w2 and s

These orbitals have one node each. They are degenerate (same energy level) and are labeled
ciu.

3. Next Higher Energy (Partly Bonding and Antibonding) . and ys

These orbitals have two nodes each. They are also degenerate and labeled e-u.

4. Highest Energy (Fully Antibonding) ws

This orbital has three nodes and is fully antibonding. It is the least stable and highest in
energy. Often denoted as ys or b2g.

Visualization of MOs

1. y1 (Lowest Energy)

All porbitals are in phase (constructive interference). Electron density is evenly distributed
above and below the plane of the ring.

2. y2 and y; (Degenerate)

One node present, causing alternating phases between adjacent atoms. Represent partial
bonding and partial antibonding interactions.

3. ya and ys (Degenerate)

Two nodes present, creating a more complex pattern of phases. More antibonding character
than y> and ys.

4. ys (Highest Energy)

Three nodes, with alternating phases on all adjacent atoms. Entirely antibonding, with no
electron density between the carbon atoms.

Electron Configuration
Benzene has six @ electrons. These electrons fill the lowest energy molecular orbitals:
y1 (2 electrons)
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y2 and s (4 electrons, 2 in each orbital)
The higher energy orbitals y4, ys, and ys remain unoccupied in the ground state.

Aromaticity and Stability

The delocalization of & electrons across all six carbon atoms contributes to benzene's aromatic
stability. The filled bonding molecular orbitals and empty antibonding molecular orbitals
result in a highly stable structure due to the resonance and delocalization energy.

sideways

eine sideways
= : overlap,

— 7\
\/ L

b) Discuss the crystal field splitting of ‘d’ orbitals in tetrahedral field.

Crystal field splitting in a tetrahedral field occurs when a metal ion is surrounded by four
ligands at the corners of a tetrahedron. The interaction between the metal ion's d orbitals and
the ligands leads to an energy split in the d orbitals, albeit in a different manner compared to
an octahedral field. Here's a detailed explanation of the crystal field splitting of d orbitals in a
tetrahedral field:

Crystal Field Theory in Tetrahedral Coordination
Geometry and Ligand Interaction

« In a tetrahedral coordination, the metal ion is at the center, with four ligands positioned at
the corners of a tetrahedron.

« Unlike in octahedral fields, where ligands directly face the d orbitals, in a tetrahedral field,
none of the ligands directly point at any of the d orbitals. Instead, they interact at an angle,
resulting in less direct repulsion.

Splitting of d Orbitals

The five d orbitals (dyy, dxz, dy, d-?, and dyx® y2 )split into two sets of orbitals of different
energies:

1. T2 (triply degenerate) Higher Energy

[ ] dxy, de, and dyz Ol’bitals.
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« These orbitals experience more repulsion because their lobes are oriented between the axes
where the ligands are positioned, albeit not directly along the axes.

2. E (doubly degenerate) Lower Energy
e dxoand di 2 orbitals.

« These orbitals experience less repulsion because their lobes are oriented along theaxes
where there is less direct interaction with the ligands.

Energy Diagram

« In a tetrahedral field, the energy difference between the higher and lower sets of orbitals is
denoted as At (tetrahedral crystal field splitting energy).

« The energy levels are inverted compared to an octahedral field. In octahedral fields, the eq
(doubly degenerate) orbitals are higher in energy, while in tetrahedral fields, the T (triply
degenerate) orbitals are higher.

Factors Influencing Crystal Field Splitting
1. Nature of Ligands:
Strong field ligands (e.g., CN-, CO) cause a larger splitting (At).
o Weak field ligands (e.g., I, Br) cause a smaller splitting.
2.Metal lon:
o The charge on the metal ion and the number of d electrons can affect the splitting energy.
3. Geometry:

The tetrahedral field generally results in a smaller splitting energy ((Delta_t)) compared to
the octahedral field (Ao), typically A = frac 4/9 Ao

Implications
« Electronic Configurations:

« Depending on the value of At and the pairing energy, the electronic configuration of the d
electrons can differ, influencing the magnetic and spectroscopic properties of the complex.

« Highspin configurations are more common in tetrahedral fields due to the smaller splitting
energy, which often does not favor pairing of electrons.

Magnetic Properties:

The arrangement of electrons in the split d orbitals determines the number of unpaired
electrons, affecting the magnetic properties of the complex.

2. a) What is internal conditioning of boiler water. Write about calgon conditioning and
colloidal conditioning of water.
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Internal Conditioning of Boiler Water

Internal conditioning of boiler water is a treatment method aimed at preventing scale
formation, corrosion, and sludge accumulation inside boilers. This process involves adding
chemicals directly to the boiler water to modify the properties of impurities, making them less
likely to cause operational issues. Here’s an overview of two common internal conditioning
methods: calgon conditioning and colloidal conditioning.

Calgon Conditioning

Calgon (Calcium Gone) is a proprietary name for sodium hexametaphosphate (NasPsO1s). The
conditioning process involves adding Calgon to the boiler water to prevent the formation of
scale and deposits.

Mechanism:

« Sequestration of Calcium and Magnesium: Calgon reacts with calcium and magnesium ions,
forming soluble complexes (chelates) that do not precipitate as scale.

« Dispersion:It helps to disperse other potential scaleforming materials, keeping them in
suspension and preventing them from adhering to the boiler surfaces.

Chemical Reaction:

(NaPOs)s + 6Ca}?* > (CaPOs)s}® + 6Na’

Benefits:

« Scale Prevention:Reduces the formation of calcium and magnesiumbased scales.

« Improved Efficiency: Helps in maintaining heat transfer efficiency by preventing insulating
scale layers.

« Reduced Maintenance:Minimizes the need for frequent cleaning and maintenance.
Colloidal Conditioning

Colloidal conditioning involves adding substances that form a protective colloidal layer on the
boiler surfaces or keep potential scaleforming substances in a finely divided, dispersed state.

Common Colloidal Conditioners:
« Starch

e Tannins

o Lignin

« Synthetic Polymers
Mechanism:

« Formation of Protective Film: The colloidal substances form a thin, protective film on the
boiler surfaces, preventing direct contact with corrosive substances.
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« Suspension of Particles: These substances keep potential scaleforming particles in
suspension, preventing them from settling and forming deposits.

Benefits:

« Corrosion Inhibition: The protective film helps in reducing the corrosion of boiler metal
surfaces.

« Scale Prevention: By keeping particles in suspension, it minimizes the formation of hard,
adherent scale.

Improved Water Quality:Helps in maintaining the overall quality of boiler water, ensuring
more efficient operation.
b) How is hardness of water determined by complexometry?

4. Titration:Hardness of water is determined by complexometry, which involves the use of a
complexing agent to bind with metal ions responsible for water hardness. The most common
method for this determination is the EDTA titration. Here’s a detailed explanation of the
process:

Determination of Hardness of Water by Complexometry
Introduction

Water hardness is primarily caused by the presence of calcium (Ca*") and magnesium (Mg?")
ions. Complexometric titration, specifically using ethylenediaminetetraacetic acid (EDTA), is
a widely used method for determining water hardness. EDTA forms stable, soluble complexes
with Ca?" and Mg?* ions, allowing for precise measurement of hardness.

Principle

o Complexation Reaction: EDTA, a hexadentate ligand, binds to Ca?" and Mg?* ions to form
stable chelates.

« Indicator: A metallochromic indicator such as Eriochrome Black T is used. It forms a

colored complex with Ca** and Mg?* ions, which changes color when the ions are chelated
by EDTA.

Materials and Reagents
1. EDTA Solution: A standard solution of disodium EDTA.

2. Buffer Solution: Usually a buffer at pH 10 (ammonia/ammonium chloride) to ensure that
Mg?** and Ca*" ions remain in solution.

3.Indicator: Eriochrome Black T or Calmagite.

4.Sample Water: The water sample whose hardness is to be determined.
Procedure

1. Preparation of Sample:

Measure a known volume of the water sample (typically 50100 mL) into a conical flask.
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2. Addition of Buffer:

« Add a buffer solution to the sample to maintain the pH around 10. This pH is ideal for the
complexation reaction between EDTA and metal ions.

3.Addition of Indicator:

o Add a few drops of the indicator solution (Eriochrome Black T). The solution will turn
wine red in the presence of Ca** and Mg?" ions.

o Titrate the sample with the standard EDTA solution. EDTA will bind to the Ca*" and Mg*
ions, forming a colorless complex.

o Continue titration until the color changes from wine red to blue, indicating that all the Ca**
and Mg>* ions have been complexed by EDTA

Calculation

1. Determine Volume of EDTA Used:

o Record the volume of EDTA solution required to reach the endpoint (color change).
2. Calculate Hardness:

o The concentration of Ca®>" and Mg?" ions in the water sample can be calculated using the
formula:

Hardness (in ppm CaCO)=Volume of EDTAxConcentration of EDTAxMolecular Weight o
f CaCOs+ Volume of Water Sample

e Typically, 1 mL of0.01 M EDTA corresponds to 1 mg of CaCOs. Hence, the hardness can
be directly calculated if standard EDTA solutions are used.

Summary

Complexometric titration using EDTA is an effective and precise method for determining
water hardness. The process involves titrating a water sample with a standard EDTA solution
in the presence of a suitable indicator at a controlled pH. The amount of EDTA used to reach
the endpoint is proportional to the concentration of calcium and magnesium ions in the water,
which can be calculated and expressed as hardness in ppm of CaCO:s.

3(a) Explain the lead-acid storage battery

The leadacid storage battery is a type of rechargeable battery widely used in various
applications, including automotive, backup power supplies, and industrial settings. It is
known for its reliability, ability to deliver high surge currents, and relatively low cost. Here’s
a detailed explanation of its construction, operation, and chemistry:

Construction of LeadAcid Battery
1. Electrodes:

« Positive Plate: Made of lead dioxide PbOy).

®
G
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« Negative Plate: Made of sponge lead Pb.
2. Electrolyte:
« The electrolyte is a dilute sulfuric acid solution H2SOs.
3. Separator:

« Separators made of porous materials are placed between the positive and negative plates to
prevent short circuits while allowing ionic movement.

4. Container:
« The entire assembly is housed in a durable, acidresistant container, typically made of plastic.
Working Principle

The leadacid battery operates based on the electrochemical reactions between lead, lead
dioxide, and sulfuric acid during discharging and charging.

Discharging Process
During discharging, the chemical reactions convert chemical energy into electrical energy.
« At the Negative Plate (Anode):
Pb + SO4* > PbSO4 + 2e
Lead reacts with sulfate ions to form lead sulfate and releases electrons.
« At the Positive Plate (Cathode):
PbO2 + 4H* + SO4* + 2e > PhSO4 + 2H,0

Lead dioxide reacts with hydrogen ions, sulfate ions, and electrons to form lead sulfate and
water.

Overall Discharge Reaction:
Pb + PbO; + 2H2SO4 > 2PbSO4 + 2H,0
Charging Process
During charging, an external electrical energy source reverses the chemical reactions.
« At the Negative Plate:
PbSO4 + 2e > Pb + SO4?
Lead sulfate is reduced to lead, and sulfate ions are released.
« At the Positive Plate:
PbSQ4 + 2H,0 > PhO; + 4H* + SO42 + 2¢
Lead sulfate is oxidized to lead dioxide, and sulfate ions and hydrogen ions are released.
Overall Charge Reaction:

2PbSO4 + 2H20 > Pb + PbO2 + 2H2SO4
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Key Characteristics
1.Voltage:

« A fully charged leadacid cell has a nominal voltage of about 2.1 volts. Multiple cells can be
connected in series to achieve higher voltages (e.g., 12V for automotive batteries).

2.Capacity:

« The capacity of a leadacid battery is measured in amperehours (Ah), which indicates the
amount of current it can supply over a certain period.

3.Cycle Life:

« Leadacid batteries have a relatively lower cycle life compared to other rechargeable
batteries, typically around 200300 cycles for deep discharge.

4.Maintenance:

« Some leadacid batteries require periodic maintenance, such as topping up the electrolyte
with distilled water, while sealed or maintenancefree versions do not.

5.Applications:

« Used in automotive batteries, uninterruptible power supplies (UPS), emergency lighting,
and grid energy storage.

Advantages and Disadvantages

Advantages:

« High Reliability: Proven technology with a long history of use.

« Low Cost: Relatively inexpensive compared to other rechargeable batteries.

« High Surge Current: Capable of delivering high surge currents, suitable for applications
requiring high power.

Disadvantages:

« Weight: Heavy due to the lead content.

« Maintenance: Some types require regular maintenance.

« Cycle Life: Shorter cycle life compared to newer technologies like lithiumion batteries.

« Environmental Impact: Lead and sulfuric acid are hazardous materials, necessitating careful
disposal and recycling.

Summary

The leadacid storage battery is a vital component in many applications due to its reliability,
costeffectiveness, and ability to deliver high current. Its operation is based on the reversible
chemical reactions between lead, lead dioxide, and sulfuric acid, which allow it to store and
deliver electrical energy efficiently. Despite some drawbacks, such as weight and
maintenance requirements, it remains a widely used and essential energy storage technology.
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(b)Describe cathodic protection methods for corrosion control

Cathodic protection (CP) is a method used to control the corrosion of a metal surface by
making it the cathode of an electrochemical cell. It is commonly used to protect steel
structures, pipelines, ships, offshore platforms, and other metallic structures exposed to
corrosive environments. There are two primary methods of cathodic protection: sacrificial
anode protection and impressed current cathodic protection (ICCP). Here’s a detailed
explanation of both methods:

1. Sacrificial Anode Cathodic Protection
Principle

In sacrificial anode cathodic protection, a more reactive (anodic) metal is placed in contact
with the metal structure to be protected. This anodic metal corrodes preferentially, thereby
protecting the main structure.

Mechanism

« Anode Material: Common materials for sacrificial anodes include zinc, magnesium, and
aluminum. These metals have a more negative electrochemical potential compared to the
metal being protected (typically steel).

« Galvanic Couple: When the sacrificial anode is connected to the structure, a galvanic cell is
formed. The anode undergoes oxidation (corrosion), and the protected metal becomes the
cathode, reducing the corrosion rate.

« Electrochemical Reaction:

o At the Sacrificial Anode (Oxidation):

Zn > Zn** +2e

(or similar reaction for magnesium or aluminum)
o At the Protected Metal (Reduction):

O2 + 2H20 + 4e > 40H

Applications

« Marine environments for protecting ship hulls and offshore structures.
« Underground pipelines and storage tanks.

« Water heaters and boilers.

Advantages

« Simple and easy to install.

« No external power source required.

« Low maintenance.
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Disadvantages
« Limited to small or mediumsized structures.
« Sacrificial anodes need to be replaced periodically.
o Less effective in highresistivity environments.
2. Impressed Current Cathodic Protection (ICCP)
Principle

In ICCP, an external power source is used to provide a continuous current to the metal
structure, making it a cathode. This method is suitable for larger structures and allows for
better control over the protection levels.

Mechanism
« Power Source: A DC power source, often a rectifier, is used to supply current.

« Anode Material: Inert anodes such as titanium coated with mixed metal oxides (MMO),
highsilicon cast iron, or graphite are used. These anodes do not corrode easily.

« Electrochemical Reaction:
« At the Inert Anode (Oxidation):
H20 > 1/2 Oz + 2H" + 2e
(or similar reactions depending on the environment)
o Atthe Protected Metal (Reduction):
02 + 2H20 + 4e > 40H
Applications
« Large structures like pipelines, storage tanks, and bridges.
« Marine structures such as ship hulls and offshore platforms.

« Reinforced concrete structures.

Advantages
« Effective for large and complex structures.

Provides adjustable and controllable protection levels.

Longterm and reliable solution.

Disadvantages

Requires an external power source and monitoring equipment.

Higher initial cost and more complex installation.
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o Regular maintenance and monitoring are necessary.
Summary

Cathodic protection is a vital technique for mitigating corrosion in metallic structures exposed
to harsh environments. Sacrificial anode protection is a simpler and maintenancefriendly
method suitable for smaller structures, while impressed current cathodic protection offers
more robust and adjustable protection for larger installations. Both methods are essential tools
in extending the lifespan and maintaining the integrity of metal structures in various
industries.

4.a) Explain the markownikoff and anti markownikoff’s additions.
Markovnikov's and AntiMarkovnikov's Additions
Markovnikov's Addition

Markovnikov's Rule states that in the addition of a protic acid (HX) to an unsymmetrical
alkene, the hydrogen atom (H) attaches to the carbon with more hydrogen atoms already
present, while the halide (X) attaches to the carbon with fewer hydrogen atoms. This rule
helps predict the major product of the reaction.

Mechanism:

1. Formation of Carbocation:The double bond in the alkene breaks, and a proton (H*) from
the acid (HX) attaches to the carbon atom that already has more hydrogen atoms. This step
results in the formation of the more stable carbocation intermediate.

2.Nucleophilic Attack:x The halide ion (X") then attacks the carbocation, leading to the
formation of the addition product.

Example:
CH3 CH =CH2 + HBr > CHs CH(Br) CHzs

In this reaction, the hydrogen atom attaches to the carbon with more hydrogen atoms (the
second carbon), forming a more stable secondary carbocation, which is then attacked by the
bromide ion.

Factors Influencing Markovnikov's Addition:

« Carbocation Stability: Tertiary carbocations are more stable than secondary, which are more
stable than primary. Therefore, the proton adds to the carbon that leads to the formation of
the most stable carbocation.

« Polar Protic Solvents: These solvents stabilize carbocations and anions, favoring
Markovnikov addition.

AntiMarkovnikov's Addition

AntiMarkovnikov's Rule (also known as the Peroxide Effect or Kharasch Effect) states that in
the presence of peroxides, the addition of HBr to an alkene occurs such that the hydrogen
atom attaches to the carbon with fewer hydrogen atoms, while the bromine atom attaches to
the carbon with more hydrogen atoms. This occurs through a free radical mechanism.
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Mechanism:
1. Initiation: Peroxides decompose to form free radicals.
ROOR > 2RO*

2.Propagation: The free radical abstracts a hydrogen atom from HBr, forming a bromine
radical (Bre).

RO* + HBr > ROH + Br*

3. Addition to Alkene: The bromine radical adds to the alkene, forming a more stable radical
intermediate. This step is regioselective, leading to the formation of the more stable carbon
radical.

Br* + CH, = CHCH3 > CH2 BrCH*CH3

4. Termination: The carbon radical abstracts a hydrogen atom from another HBr molecule,
resulting in the final product.

CHzBrCH*CHs + HBr > CH,BICH,CHs + Br*

Example:
CHz CH=CH2 + HBr + ROOR > CH3CH2CH:Br

In this reaction, the hydrogen attaches to the carbon with fewer hydrogen atoms (the second
carbon), forming a less stable primary radical, which is less common and thus unique to
antiMarkovnikov addition.

Factors Influencing AntiMarkovnikov's Addition:

« Presence of Peroxides: The reaction requires peroxides to initiate the free radical
mechanism.

« Radical Stability: Unlike carbocations, radicals are more stable when located at the less
substituted carbon atom in this context.

Summary

« Markovnikov's Addition: Follows ionic mechanisms and leads to the addition of HX to
alkenes such that the hydrogen attaches to the carbon with more hydrogens, forming the
more stable carbocation intermediate.

AntiMarkovnikov's Addition: Follows a free radical mechanism in the presence of peroxides,
leading to the addition of HBr to alkenes such that the hydrogen attaches to the carbon with
fewer hydrogens, forming the more stable radical intermediate.

Q4(b) Describe the synthesis and pharmaceutical applications of Paracetamol.
Synthesis and Pharmaceutical Applications of Paracetamol

Synthesis of Paracetamol
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Paracetamol, also known as acetaminophen, is a widely used analgesic (pain reliever) and
antipyretic (fever reducer). The synthesis of paracetamol typically involves the acetylation of
paminophenol. Here is a detailed description of the synthesis process:

1. Starting Material:

« The primary starting material for the synthesis of paracetamol is paminophenol
(4aminophenol).

2. Acetylation Reaction:
o pAminophenol is reacted with acetic anhydride to form paracetamol.
« The reaction can be represented as:
C6H4(NH2)(OH)+(CH3C0),0 — C6H4(NHCOCH3)(OH)+CH3COOH

e Here, paminophenol (CsH4(NH2)(OH)) reacts with acetic anhydride ((CHsCO).0) to
produce paracetamol (CsH4(NHCOCH3)(OH)) and acetic acid (CH;:COOH).

3. Procedure:

o Dissolve paminophenol in a solvent such as water or ethanol.

o Add acetic anhydride dropwise to the solution of paminophenol while stirring.
« Maintain the reaction mixture at a temperature range of 5060°C.

« After the addition is complete, the reaction mixture is stirred for an additional periodto
ensure complete reaction.

« The mixture is then cooled, and the product is precipitated out.

o The crude paracetamol is filtered and purified by recrystallization from a suitable solvent
(e.g., ethanol or water).

4. Purification:

The recrystallized paracetamol is collected by filtration, washed, and dried to obtain pure
paracetamol.

Pharmaceutical Applications of Paracetamol

Paracetamol is one of the most commonly used medications worldwide due to its
effectiveness and relatively low side effect profile. Here are its primary pharmaceutical
applications:

1. Analgesic (Pain Reliever):

o Paracetamol is used to relieve mild to moderate pain, including headaches, muscle aches,
menstrual cramps, backaches, toothaches, and arthritis.

2. Antipyretic (Fever Reducer):

« It is effective in reducing fever in adults and children. It is often used to manage fever
associated with common infections, such as the flu and colds.
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3. Combination Products:

« Paracetamol is frequently combined with other drugs to enhance its efficacy. For example, it
is combined with opioid analgesics (such as codeine) for the treatment of more severe pain.

« It is also found in many overthecounter (OTC) cold and flu medications combined with
decongestants, antihistamines, and cough suppressants.

4. Postoperative Pain:

« Paracetamol is used in the management of postoperative pain, often as part of a multimodal
pain management strategy.

5. Chronic Pain:

« It is sometimes used in the management of chronic pain conditions, such as osteoarthritis,
due to its safety profile when used over long periods compared to nonsteroidal
antiinflammatory drugs (NSAIDs).

Advantages and Safety Profile
1. Safety:

« Paracetamol is considered safe when used at recommended doses. It has a lower risk of
gastrointestinal side effects compared to NSAIDs.

« It does not cause significant cardiovascular or renal side effects.
2. Minimal Drug Interactions:

« Paracetamol has relatively few drug interactions, making it a suitable choice for patients on
multiple medications.

Precautions
1. Overdose Risk:

« Overdose of paracetamol can lead to severe liver damage. It is crucial to adhere to the
recommended dosage guidelines.

o Symptoms of overdose may not appear immediately but can lead to acute liver failure if not
treated promptly.

2. Alcohol Consumption:
Excessive alcohol consumption increases the risk of liver damage when taking paracetamol.
Summary

Paracetamol, synthesized through the acetylation of paminophenol, is a widely used analgesic
and antipyretic. It is effective for treating mild to moderate pain and reducing fever, and it is
included in many combination medications for enhanced therapeutic effects. While generally
safe at recommended doses, care must be taken to avoid overdose and manage potential risks,
particularly concerning liver health.
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5.a) Explain magnetic resonance imaging.

Magnetic Resonance Imaging (MRI)

Magnetic Resonance Imaging (MRI) is a noninvasive medical imaging technique used to
produce detailed images of the internal structures of the body. It is especially useful for
imaging soft tissues, such as the brain, muscles, and organs. MRI leverages the principles of
nuclear magnetic resonance (NMR) to generate images.

Basic Principles of MRI
1. Magnetic Fields:

e Main Magnetic Field (Bo): The patient is placed inside a large, powerful magnet that creates
a strong and uniform static magnetic field. Typical strengths range from 0.5 to 3.0 Tesla (T),
though higher field strengths are used for research purposes.

« Gradient Magnetic Fields: Additional smaller magnetic fields, known as gradient fields, are
applied to spatially encode the positions of the protons in the body.

2.Protons and Spin:

« Human tissues contain water molecules, and thus hydrogen protons. These protons have a
property called spin, making them act like tiny magnets.

o In the presence of the external magnetic field (Bo), the protons align with or against the
field, with a slight majority aligning with the field due to lower energy state.

3.Radiofrequency (RF) Pulses:

o An RF pulse is applied perpendicular to the main magnetic field. This pulse tips the aligned
protons away from their equilibrium position.

« The specific frequency of the RF pulse corresponds to the Larmor frequency, which
depends on the strength of the magnetic field and the type of nucleus.

4. Relaxation:

o After the RF pulse is turned off, the protons begin to return to their equilibrium state, a
process called relaxation. There are two main types of relaxation:

o T1 (Longitudinal) Relaxation: The time it takes for protons to realign with the magnetic
field.

o T2 (Transverse) Relaxation: The time it takes for protons to lose phase coherence among
the spins in the transverse plane.

5. Signal Detection:
o As the protons relax, they emit RF signals, which are detected by receiver coils.

« The emitted signals are processed to generate images.
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Image Formation
1. Spatial Encoding:

« Slice Selection: A gradient magnetic field is applied along one axis, and an RF pulse is used
to excite a specific slice of the body.

« Frequency Encoding (Readout Gradient):Applied during signal acquisition to encode
spatial information along one axis of the image.

« Phase Encoding: Applied before signal acquisition to encode spatial information along the
orthogonal axis.

2. Fourier Transformation:

The acquired signals (in the form of complex waveforms) are processed using Fourier
transformation to convert the data into an image.

Types of MRI Sequences

« T1Weighted Imaging: Provides high contrast between different tissues, useful for
anatomical details.

« T2Weighted Imaging: Highlights differences in water content, useful for detecting edema
and inflammation.

« Proton Density (PD) Imaging: Balances between T1 and T2 weighting, useful for
visualizing joint structures.

« Functional MRI (fMRI): Measures brain activity by detecting changes associated with blood
flow.

« DiffusionWeighted Imaging (DWI1): Measures the diffusion of water molecules, useful for
detecting stroke.

Clinical Applications
1. Neurology:

« Imaging of the brain and spinal cord for conditions such as tumors, multiple sclerosis, and
stroke.

« Functional MRI (fMRI) for brain activity mapping.
2. Orthopedics:

« Imaging of joints, muscles, and ligaments to assess injuries, arthritis, and other
musculoskeletal disorders.

3. Cardiology:

« Imaging of the heart and blood vessels to evaluate conditions like congenital heart defects,
cardiac tumors, and aortic diseases.

4. Oncology:
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« Detection and characterization of tumors in various parts of the body.
« Monitoring response to cancer treatment.
5. Abdomen and Pelvis:

Imaging of organs such as the liver, kidneys, pancreas, and reproductive organs to diagnose
conditions like tumors, cysts, and infections.

Advantages and Disadvantages

Advantages:

« NonlInvasive: No ionizing radiation exposure.

« High Contrast: Excellent differentiation of soft tissues.

« Multiplanar Imaging: Ability to acquire images in multiple planes (axial, sagittal, coronal).
Disadvantages:

« Cost: MRI is more expensive than other imaging modalities like Xrays and CT scans.

« TimeConsuming:Scans can take longer, which may be uncomfortable for some patients.

« Contraindications: Not suitable for patients with certain implants, such as pacemakers, or
those with severe claustrophobia.

Summary

Magnetic Resonance Imaging (MRI) is a sophisticated imaging technique that uses magnetic
fields and radiofrequency pulses to produce detailed images of the body's internal structures.
It is particularly effective for soft tissue imaging and is widely used in various medical fields
to diagnose and monitor a range of conditions. Despite its higher cost and longer scan times,
MRI's ability to provide highcontrast, noninvasive images makes it a crucial tool in modern
medicine.

Q5(b) Describe the selection rules and applications of electronic spectroscopy in
guantitative analysis

Selection Rules in Electronic Spectroscopy

Electronic spectroscopy involves the study of electronic transitions between energy levels in
atoms or molecules when they absorb or emit electromagnetic radiation. The selection rules
determine which transitions are allowed based on the conservation of angular momentum and
other quantum mechanical principles.

Key Selection Rules:
1.Laporte Rule (for centrosymmetric molecules):

« Transitions are allowed if there is a change in parity (symmetry) of the molecule. In other
words, transitions between states of the same parity (g«<>g or u<u) are forbidden, while
transitions between states of different parity (g<>u or u«<>g) are allowed.
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2. Spin Selection Rule:

Transitions that involve a change in spin quantum number AS are generally forbidden.
Allowed transitions must have AS = 0. This rule implies that singlettosinglet or triplettotriplet
transitions are allowed, but singlettotriplet transitions are forbidden.

3. Orbital Angular Momentum Rule:

For atomic transitions, the change in the orbital angular momentum quantum number A |
must be pm 1. This rule applies to electric dipole transitions and restricts transitions between
orbitals with different angular momentum.

4. FranckCondon Principle:

« This principle states that electronic transitions are most likely to occur between vibrational
levels where the nuclear configurations of the initial and final states have the greatest
overlap. This affects the intensity distribution in the electronic spectrum.

Applications of Electronic Spectroscopy in Quantitative Analysis

Electronic spectroscopy, particularly UVVisible spectroscopy, is widely used in quantitative
analysis due to its sensitivity, selectivity, and simplicity. Here are some of its key
applications:

1. BeerLambert Law:
The BeerLam
Selection Rules in Electronic Spectroscopy

Electronic spectroscopy involves the study of electronic transitions between energy levels in
atoms or molecules when they absorb or emit electromagnetic radiation. The selection rules
determine which transitions are allowed based on the conservation of angular momentum and
other quantum mechanical principles.

Applications of Electronic Spectroscopy in Quantitative Analysis

Electronic spectroscopy, particularly UVVisible spectroscopy, is widely used in quantitative
analysis due to its sensitivity, selectivity, and simplicity. Here are some of its key
applications:

1. BeerLambert Law:

The BeerLambert law is the foundation of quantitative analysis in electronic spectroscopy. It
relates the absorbance of light to the concentration of the absorbing species in a solution.

A=¢ c |

Where:

o A is the absorbance (no units, as it's a logarithmic measure).

e ¢ is the molar absorptivity or molar extinction coefficient (L-mol'-cm™).

e c is the concentration of the solution (mol-L™7).
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« | is the path length of the sample cell (cm).

By measuring the absorbance at a specific wavelength, the concentration of the analyte can be
determined

2. Determination of Concentration:

« Single Component Analysis: By measuring the absorbance of a sample at a particular
wavelength where the analyte absorbs, and using the BeerLambert law, the concentration of
the analyte can be determined.

o MultiComponent Analysis: For mixtures, absorbance can be measured at multiple
wavelengths. By using simultaneous equations or matrix algebra, the concentrations of
individual components can be determined.

3. Monitoring Reaction Kinetics:

« Reaction Rates: The change in absorbance over time can be used to monitor the progress of
a reaction. This allows for the determination of reaction rates and the study of reaction
mechanisms.

« RealTime Analysis: UV Visible spectroscopy can be used to continuously monitor
reactions, providing realtime data on concentration changes.

4. Quality Control in Pharmaceuticals:

« Purity Testing: The presence of impurities can be detected by their characteristic
absorbance spectra.

« Content Uniformity: The uniformity of active pharmaceutical ingredients (APIs) in tablets
or capsules can be assessed by dissolving the sample and measuring its absorbance.

5. Environmental Analysis:

« Water Quality: Contaminants such as heavy metals, nitrates, and organic pollutants can be
quantified by their absorbance characteristics.

o Air Quality: Gaseous pollutants like NO2 and SO: can be detected and quantified using
UV Visible spectroscopy.

6. Biological and Clinical Applications:

« Protein and Nucleic Acid Quantification: The concentration of proteins and nucleic acids in
biological samples can be determined by measuring absorbance at specific wavelengths
(e.g., 280 nm for proteins, 260 nm for nucleic acids).

« Enzyme Kinetics: The activity of enzymes can be studied by monitoring the absorbance
changes of substrates or products over time.

Summary

Electronic spectroscopy, governed by specific selection rules, plays a critical role in
quantitative analysis across various fields. The BeerLambert law provides a straightforward
relationship between absorbance and concentration, enabling precise determination of analyte
concentrations. Its applications extend to quality control in pharmaceuticals, environmental
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monitoring, and biological studies, showcasing its versatility and importance in scientific and
industrial contexts.

Q6.(a) Mention the salient features of crystal field theory.

Salient Features of Crystal Field Theory (CFT)

Crystal Field Theory (CFT) is a model that describes the electronic structure and properties of
coordination complexes, particularly those involving transition metals. It focuses on the
interaction between the metal ion and the surrounding ligands. Here are the key features of
CFT:

1. Electrostatic Approach:

o CFT considers the metalligand interaction to be purely electrostatic. The ligands are treated
as point charges (anions) or as point dipoles (neutral molecules with lone pairs of electrons).

« The metal ion is considered a positive point charge at the center of the coordination sphere.
2. DOrbital Splitting:

« In an isolated transition metal ion, the five dorbitals (dxy, dxz, dyz, dz2, and dx2y?) are
degenerate, meaning they have the same energy.

« When ligands approach the metal ion, the degeneracy of the dorbitals is lifted, resulting in
the splitting of these orbitals into different energy levels.

3. GeometryDependent Splitting:

« The extent and pattern of the dorbital splitting depend on the geometry of the coordination
complex:

« Octahedral Field: The dorbitals split into two sets: e_g (higher energy: d» and dyey2) and tag
(lower energy: dxy, dxz, and dy;).

« Tetrahedral Field: The dorbitals split into two sets: e (lower energy: d» and dxy2) and tz
(higher energy: dxy, dxz, and dy;).

« Square Planar Field: The dorbitals split in a unique pattern: dyy: (highest energy), dxy, d»
,and dx; and dy; (lowest energy).

4. Crystal Field Stabilization Energy (CFSE):

« CFSE is the energy stabilization that results from the dorbital splitting in the presence of a
ligand field.

o It is calculated by considering the number of electrons in each set of orbitals and their
relative energies.

o CFSE plays a crucial role in determining the stability and preferred geometry of a
coordination complex.

5. HighSpin and LowSpin Configurations:
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« For metal ions with partially filled dorbitals, the arrangement of electrons can result in
highspin or lowspin configurations, especially in octahedral fields.

« HighSpin Complexes: Electrons occupy higher energy orbitals to maximize unpaired
electrons (occurs in weak ligand fields).

« LowSpin Complexes: Electrons pair up in lower energy orbitals, resulting in fewer unpaired
electrons (occurs in strong ligand fields).

6. Spectrochemical Series:

The spectrochemical series is an empirical list of ligands ordered by the strength of the field
they produce:

[<Br—<S2—<SCN—<CI-<NO3—<F—<OH—-<H2O0<NCS—<NH3<en<bipy<phen<NO2—
<PPh3<CN-<CO

Ligands at the low end of the series produce weak fields and typically result in highspin
complexes, while ligands at the high end produce strong fields and typically result in lowspin
complexes.

7. Magnetic Properties:

« The magnetic properties of a coordination complex can be explained by the number of
unpaired electrons resulting from the dorbital splitting.

« Highspin complexes have more unpaired electrons and are typically paramagnetic, while
lowspin complexes have fewer unpaired electrons and can be diamagnetic.

8. Color of Complexes:

« The color of coordination complexes is due to dd transitions, which occur when electrons
are excited from lower energy dorbitals to higher energy dorbitals within the same metal
ion.

o The specific wavelengths of light absorbed correspond to the energy difference (A) between
the split dorbitals, which is influenced by the nature of the ligands and the geometry of the
complex.

9. Limitations:

CFT does not consider covalent interactions between the metal ion and ligands, thus it is less
accurate for complexes where metalligand bonding has significant covalent character.

It is primarily useful for predicting and rationalizing the electronic structures, geometries, and
magnetic properties of coordination complexes.

Summary

Crystal Field Theory is a model that explains the electronic structure, stability, and properties
of coordination complexes by considering the electrostatic interactions between metal ions
and ligands. It accounts for the splitting of dorbitals, the resulting stabilization energy,
highspin and lowspin configurations, and the spectrochemical series. Despite its limitations,
CFT provides valuable insights into the magnetic properties and colors of coordination
complexes.
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Q6(b) With the help of neat diagram, explain desalination of water.
Desalination of Water

Desalination is the process of removing salts and other impurities from seawater or brackish
water to produce fresh water suitable for human consumption, irrigation, and industrial use.
There are several methods of desalination, with reverse osmosis (RO) being the most widely
used. Below, we'll discuss the reverse osmosis method, which is commonly employed in
modern desalination plants, along with a neat diagram

Reverse Osmosis Desalination
Principle:

Reverse osmosis works by forcing seawater through a semipermeable membrane under high
pressure. The membrane allows water molecules to pass through while rejecting salts and
other impurities.

Steps in the Reverse Osmosis Desalination Process:
1. Pretreatment:
Screening: Large particles such as debris, seaweed, and marine organisms are removed.

Filtration: Fine particles, colloids, and suspended solids are removed using filters (e.g., sand
filters).

Chemical Treatment: Antiscalants, pH adjusters, and biocides are added to prevent scaling,
corrosion, and microbial growth.

2. HighPressure Pumping:

« The pretreated water is pumped to a high pressure, typically between 55 to 85 bar (800 to
1200 psi), depending on the salinity of the feed water. This high pressure is necessary to
overcome the natural osmotic pressure and force water through the membrane.

3. Reverse Osmosis Membrane:

« The highpressure water passes through semipermeable membranes. These membranes have
tiny pores that allow only water molecules to pass through while blocking salts, minerals,
and other impurities.

« Permeate (Fresh Water): The water that passes through the membrane is collected as fresh
water.

« Brine (Concentrate): The remaining water, containing concentrated salts and impurities, is
discharged or further processed.

4. PostTreatment:

pH Adjustment: The permeate water’s pH is adjusted to make it suitable for consumption and
distribution.

Mineral Addition: Essential minerals such as calcium and magnesium may be added to the
water to improve taste and nutritional value.
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Disinfection: The permeate water is disinfected using chlorine or ultraviolet light to ensure it
is safe for drinking.

5. Distribution:

The treated fresh water is stored in reservoirs or directly distributed through a network of
pipelines to consumers.

Here is a simplified diagram of the reverse osmosis desalination process:
Desalination Diagram](https://i.imgur.com/KXszcYKk.png)
Summary

Desalination through reverse osmosis involves several key steps: pretreatment to remove
large particles and adjust water chemistry, highpressure pumping to push water through
semipermeable membranes, collection of fresh water (permeate), and posttreatment to adjust
pH, add minerals, and disinfect the water. The result is clean, fresh water suitable for human
consumption and other uses, with the brine (concentrate) being managed appropriately.

This process is critical for providing potable water in areas with limited freshwater resources,
ensuring a reliable supply of clean water for various needs.

7. (a) Discuss the mechanism of electro chemical corrosion.

Mechanism of Electrochemical Corrosion

Electrochemical corrosion is a process by which metals deteriorate due to chemical reactions
with their environment, primarily through redox reactions that involve the transfer of
electrons. This type of corrosion commonly occurs in metals exposed to moist environments,
where an electrolyte facilitates the flow of electrons and ions. Here, we discuss the
mechanism of electrochemical corrosion, focusing on the anodic and cathodic reactions, and
provide a detailed explanation of the processes involved.

Basic Principles

1. Anodic Reaction (Oxidation):

The metal (M) loses electrons and goes into solution as metal ions (M™).
For example:

M r--> M™ + ne-

This reaction occurs at the anode, where the metal surface corrodes.

2. Cathodic Reaction (Reduction):

The electrons released from the anodic reaction are consumed by a reduction reaction, which
often involves oxygen and water.

For example, in neutral or slightly acidic solutions, the reduction of oxygen can occur:
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02 + 2H20+4e — 40H—-
In acidic solutions, hydrogen ions can be reduced:
2H++2e——H?2
Electrochemical Corrosion Cell

In an electrochemical corrosion cell, the metal acts as both the anode and cathode, forming
microcells on the metal surface. Here's a more detailed description of the processes involved:

1. Formation of Electrochemical Cells:

Microcells: Corrosion can initiate due to the presence of impurities or inhomogeneities on the
metal surface, leading to the formation of microscopic anodic and cathodic areas.

Macrocell: Larger electrochemical cells can form when different metals or different areas of
the same metal are exposed to an electrolyte.

2. Electron Flow:

Electrons flow from the anodic areas to the cathodic areas through the metal. This flow of
electrons is necessary to sustain the anodic oxidation reaction.

3. lon Movement:

lons in the electrolyte move to balance the charge. Positive metal ions (M*") move away from
the anodic site, and negative ions (e.g., OH") move toward the cathodic site.

Common Types of Electrochemical Corrosion
1. Uniform Corrosion:

This occurs evenly across the entire surface of the metal, leading to a uniform thinning of the
metal. It is the most common and least harmful form of corrosion because it can be predicted
and managed.

2. Galvanic Corrosion:

Occurs when two dissimilar metals are electrically connected in the presence of an electrolyte.
The more active metal (anode) corrodes faster than it would alone, while the less active metal
(cathode) corrodes slower.

3. Pitting Corrosion:

Localized corrosion that leads to the formation of small pits or holes. It often occurs in
passive metals like stainless steel when the passive film is damaged.

4. Crevice Corrosion:

Occurs in confined spaces where stagnant solution is trapped, leading to localized corrosion.
Commonly found in gasket areas, bolt heads, and lap joints.

5. Intergranular Corrosion:

Corrosion that occurs along the grain boundaries of a metal, often due to impurities or
segregation of alloying elements at the grain boundaries.
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6. Stress Corrosion Cracking (SCC):

The growth of cracks in a corrosive environment due to the combined effect of tensile stress
and a specific corrosive medium

Example: Corrosion of Iron in Aqueous Environment

For iron (Fe), the anodic and cathodic reactions in the presence of water and oxygen are as
follows:

Anodic Reaction (Oxidation of Iron):
Fe—Fe2++2e—

Cathodic Reaction (Reduction of Oxygen):
02+2H20+4¢——40H—

The ferrous ions (Fe*") further react with hydroxide ions (OH") to form ferrous hydroxide,
which can further oxidize to form rust (hydrated iron(111) oxide):

Fe2++20H——Fe(OH)2
4Fe(OH)2+02+2H20 — 4Fe(OH)3—2Fe203- 3H20 (rust)
Summary

Electrochemical corrosion is a complex process involving the oxidation of metals at the
anode, the reduction of species at the cathode, and the flow of electrons and ions through the
metal and electrolyte, respectively. Understanding this mechanism is crucial for developing
strategies to prevent and control corrosion, thereby extending the life of metal structures and
components.

Q7 (b) Describe the mechanism of reduction of carbonyl compounds using LiAIHA4.

Mechanism of Reduction of Carbonyl Compounds Using Lithium Aluminium Hydride
(LiAlHa4)

Lithium aluminium hydride (LiAlH4) is a powerful reducing agent commonly used to reduce
carbonyl compounds such as aldehydes, ketones, carboxylic acids, and esters to their
corresponding alcohols. The reduction mechanism involves the transfer of hydride ions (H")
from LiAIHa to the carbonyl carbon. Here’s a detailed stepbystep mechanism for the
reduction of aldehydes and ketones:

Reduction of Aldehydes and Ketones
1. Hydride Transfer:

The carbonyl carbon (C=0) is electrophilic due to the partial positive charge resulting from
the polarization of the carbonoxygen double bond.

LiAlHa4, which consists of AlH4™ ions and Li* cations, acts as a source of hydride ions (H").

The hydride ion attacks the electrophilic carbonyl carbon, resulting in the addition of the
hydride to the carbonyl group.
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Step 1: Nucleophilic Attack
R2C=0+AlH4——R2C(H)O—+AIH3

Here, R represents alkyl groups, and the carbonyl group (C=0) is transformed into an
alkoxide intermediate (R.C(H)O").

2. Formation of Alkoxide Intermediate:

The addition of the hydride to the carbonyl carbon converts the carbonyl group into an
alkoxide ion (R2C(H)O").

3. Protonation:

The alkoxide ion is then protonated during the aqueous workup step to yield the
corresponding alcohol.

Step 2: Protonation
R2C(H)O—+H20—R2C(H)OH+OH-

During the workup with water or a dilute acid, the alkoxide ion is protonated to form the
alcohol.

Reduction of Esters and Carboxylic Acids

The reduction of esters and carboxylic acids by LiAlH4 proceeds through similar steps but
typically involves multiple hydride transfers.

1. Hydride Transfer to Ester:

The initial hydride transfer from LiAIHa to the ester carbonyl carbon generates an alkoxide
intermediate and an alkoxy ion.

RCOOR + AlH4 --> RCH(O") + AlH3
2. Cleavage of Alkoxide Intermediate:

The alkoxide intermediate undergoes further hydride transfer, leading to the cleavage of the
ester bond and formation of an aldehyde or another alkoxide ion.

R2CH(O) + AlH, — R2C(H)O + AIH3
3. Reduction to Alcohol:

The aldehyde intermediate formed in the previous step is further reduced by LiAIH4 to yield
the primary alcohol.

RCH(O)H + AlH4 --> RCH20™ + AlH3
4. Protonation:

The final alkoxide ion is protonated during the aqueous workup step to yield the primary
alcohol.

RCH20—+H20—RCH2OH+OH-
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Summary of Reduction Mechanism
1. Initial Hydride Transfer:
Hydride ion from LiAlH4 attacks the carbonyl carbon.
2. Formation of Alkoxide Intermediate:
Carbonyl oxygen becomes negatively charged, forming an alkoxide ion.
3. Protonation:
Alkoxide ion is protonated during the aqueous workup to form the alcohol.
4. For Esters and Acids:
Multiple hydride transfers lead to the reduction of the ester or acid to an alcohol.
Diagram of Reduction Mechanism

Here's a simplified diagram illustrating the reduction mechanism of a carbonyl compound
(ketone or aldehyde) using LiAlHa:

Summary

LiAlH4 is an effective reducing agent for converting carbonyl compounds to alcohols. The
mechanism involves nucleophilic attack by the hydride ion on the electrophilic carbonyl
carbon, forming an alkoxide intermediate, which is subsequently protonated to yield the
corresponding alcohol. The reduction of esters and carboxylic acids involves similar steps
with additional hydride transfers.

8. a) What are the selection rules applicable to uv-visible spectroscopy?

What are the selection rules applicable to uvvisible spectroscopy?

In UV Visible spectroscopy, the selection rules govern which electronic transitions are
allowed or forbidden based on quantum mechanical principles. These rules determine the
intensity and occurrence of absorption bands in the UVVis spectrum. Here are the key
selection rules applicable to UV Visible spectroscopy:

Selection Rules for UVVisible Spectroscopy
1. Selection Rule Based on Quantum Mechanics:

UV Visible spectroscopy involves transitions between electronic energy levels. The selection
rules stem from the conservation of energy and angular momentum.

2. Electric Dipole Selection Rule:

The most important selection rule in UVVis spectroscopy is the electric dipole selection rule.
According to this rule, transitions are allowed if there is a change in the dipole moment
(\(\mu\)) of the molecule during the electronic transition.

The dipole moment change (\(\Delta \mu\)) must be nonzero for the transition to be allowed.
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3. A\(S\) =0 Rule:

Transitions between electronic states where the spin quantum number (\(S\)) does not change
(\(\Delta S = 0\)) are typically allowed. This often means transitions within the same spin state
(singletsinglet or triplettriplet).

Singletsinglet transitions (from singlet ground state to singlet excited state) are usually
allowed.

4. A\(L\) = £1 Rule:

For molecules with no center of symmetry (centrosymmetric), transitions between states
where the orbital angular momentum quantum number (\(L\)) changes by +1 are allowed.

This rule is less strict in UV Visible spectroscopy compared to other spectroscopic techniques
like infrared spectroscopy.

5. Laporte Rule (Centrosymmetric Molecules):

For centrosymmetric molecules (molecules with a center of inversion), transitions that result
in a change of parity (symmetry) are forbidden (e.g.,g<>gg<>g or u<>uu<u transitions

Allowed transitions involve changes between different parity states
(e.g.,gougeu Or ueogueg).

Practical Application

Intensity of Absorption Bands: The application of these selection rules explains why certain
electronic transitions are observed in UV Vis spectra while others are not. Transitions that
violate these rules are typically weak or forbidden, leading to lower intensity or absence in the
spectrum.

Interpretation of Spectra: UV Vis spectra are analyzed based on these selection rules to
interpret the nature of electronic transitions in molecules. The allowed transitions provide
information about the electronic structure and bonding within the molecule.

Understanding these selection rules helps spectroscopists interpret UVVisible spectra
accurately, providing insights into the electronic properties and structure of molecules based
on the observed absorption bands.

Q8 (b) Write an account on:
i) Chemical shift
ii) MRI [7+8]

Chemical Shift

Chemical shift is a fundamental concept in nuclear magnetic resonance (NMR) spectroscopy,
a powerful analytical technique used to determine the structure and environment of organic
molecules. It refers to the displacement of the resonance frequency of a nucleus in a magnetic
field due to its chemical environment. Here’s an account of chemical shift, its significance,
and its application in NMR spectroscopy:
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Mechanism and Principle
1. Origin of Chemical Shift:

In NMR spectroscopy, atomic nuclei with an odd number of protons or neutrons possess a
magnetic moment. When placed in an external magnetic field (Bo), these nuclei align with or
against the field.

The resonance frequency (v) at which these nuclei absorb electromagnetic radiation
(radiofrequency pulses) is influenced by their local chemical environment.

2. Chemical Environment Influence:

The electron density around a nucleus affects the local magnetic field experienced by that
nucleus.

Electronwithdrawing or electrondonating groups attached to the nucleus can shield or
deshield it from the external magnetic field.

Shielding (downfield shift): When electron density around the nucleus decreases, the
resonance frequency increases (shifts downfield).

Deshielding (upfield shift): When electron density around the nucleus increases, the
resonance frequency decreases (shifts upfield).

3. Chemical Shift Scale:

Chemical shifts are reported in parts per million (ppm) relative to a reference compound,
typically tetramethylsilane (TMS) for proton NMR (\(*1\text{H}\) NMR).

The chemical shift (\(\delta\)) is calculated as:
o=(vrefv—vref)x106

where \(\nu\) is the resonance frequency of the nucleus and \(\nu_\text{ref}\) is the resonance
frequency of TMS.

Applications
1. Structure Determination:

Chemical shifts provide information about the electronic environment and neighboring atoms
in a molecule.

Patterns of chemical shifts help in assigning functional groups, identifying aromaticity, and
distinguishing between different types of protons (multiplets).

2. Quantitative Analysis:

Integration of NMR peaks (area under peaks) provides quantitative information about the
number of protons contributing to each signal in a molecule.

3. Dynamic Studies:
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Chemical shift changes can indicate dynamic processes such as tautomerism, conformational
changes, and chemical reactions in solution.

4. Quality Control and Identification:

NMR spectroscopy, including chemical shift analysis, is widely used in pharmaceuticals, food
chemistry, and forensic science for quality control and identification of compounds.

MRI (Magnetic Resonance Imaging)

Magnetic Resonance Imaging (MRI) is a noninvasive medical imaging technique that utilizes
the principles of nuclear magnetic resonance (NMR) to generate detailed images of the
internal structures of the body. Here’s an account of MRI, its principles, applications, and
significance in medical diagnostics:

Mechanism and Principle
1. Nuclear Magnetic Resonance (NMR) Basis:

Similar to NMR spectroscopy, MRI relies on the magnetic properties of atomic nuclei
(especially hydrogen nuclei, \("1\text{H}\)) in water molecules present in tissues.

When placed in a strong magnetic field (\(B_0\)), these nuclei align and absorb
radiofrequency (RF) pulses.

2. Tissue Contrast:

Different tissues have varying concentrations of water and lipid content, leading to different
relaxation times (T1 and T2 relaxation times).

T1weighted images: Provide good anatomical detail, where differences in T1 relaxation times
highlight variations in tissue water content.

T2weighted images: Emphasize differences in T2 relaxation times, showing fluid
accumulation and distinguishing between tissues like muscle, fat, and cerebrospinal fluid.

3. Spatial Encoding:

MRI uses gradients of magnetic field strength in three dimensions (X, y, z) to spatially encode
signals from tissues, allowing for the construction of detailed crosssectional images.

Applications
1. Clinical Diagnostics:

MRI is widely used in clinical practice to diagnose and monitor a variety of medical
conditions, including neurological disorders (brain tumors, strokes), musculoskeletal injuries,
cardiovascular diseases, and soft tissue abnormalities.

It provides highresolution images without ionizing radiation, making it safer for repeated use
compared to techniques like CT scans.

2. Research and Functional Imaging:
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Functional MRI (fMRI) measures changes in blood flow and oxygenation levels in the brain,
enabling researchers to study brain function and map neural activity during tasks or stimuli.

Diffusionweighted imaging (DWI) assesses the movement of water molecules in tissues,
aiding in the detection of stroke and tumors.

3. Guidance for Surgery and Treatment:

MRI images provide precise anatomical details and help in planning surgeries, guiding
interventions such as biopsies, and monitoring the response to treatment over time.

4. Pediatric and Special Populations:

MRI is particularly valuable in pediatric patients and pregnant women due to its nonionizing
nature, providing detailed imaging without posing risks to fetal development.



