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What is spectroscopy?
Ans: Spectroscopy is the study of the interaction between electromagnetic radiation (EMR) and matter (atoms or molecules). It involves measuring the absorption, emission, or scattering of light to determine physical/chemical properties like structure, concentration, and molecular environment. 

State the Beer-Lambert Law.
Ans: The Beer-Lambert Law states that absorbance  is directly proportional to the concentration of the solute and the optical path length.

What is Molar Extinction Coefficient 

Ans: It is a measure of how strongly a chemical species absorbs light at a given wavelength per unit concentration and unit path length. It is characteristic of the substance.
 
What are the limitations of the Beer-Lambert Law?
Ans: 1) It fails at high concentrations (above 0.01M) due to electrostatic interactions. 
2) The light source must be monochromatic. 
3) The sample should not undergo association, dissociation, or chemical reaction at the measured concentration. 

What is the principle of UV-Vis spectroscopy?
Ans: It is based on the absorption of ultraviolet (200-400 nm) or visible (400-800 nm) light by valence electrons, causing transitions from ground state to higher energy states.

Define Chromophore and Auxochrome.
Ans: A Chromophore is a functional group responsible for light absorption. An Auxochrome is a group that does not absorb UV light itself but shifts the absorption maximum of a chromophore to longer wavelengths.
 
How is UV spectroscopy used to determine DNA purity?
Ans: DNA absorbs UV light at 260 nm. The ratio of absorbance at 260 nm to 280 nm is used to determine purity. A ratio df indicates pure DNA; a lower ratio suggests protein contamination. 
What is a "Peptide Bond" absorption in UV?
Ans: Peptide bonds in proteins absorb light weakly in the far-UV region, typically around 190–220 nm, which is used for studying secondary structures like helices and sheets. 

What is the principle of Infrared (IR) Spectroscopy?
Ans: Molecules absorb infrared radiation, causing changes in vibrational and rotational energy levels. For absorption to occur, the vibration must cause a change in the dipole moment of the molecule.
 
Why is FTIR superior to dispersive IR?
Ans: Fourier Transform Infrared (FTIR) spectroscopy is faster and more sensitive. It uses an interferometer to measure all frequencies simultaneously, providing higher signal-to-noise ratios, resulting in better resolution and faster scans. 

What is the "Fingerprint Region" in IR spectroscopy?
Ans: The region between 1500–500 nm is called the fingerprint region. It contains complex vibrational patterns unique to each molecule, used for identifying unknown compounds by comparison with standards. 

Define Fluorescence and Stokes Shift.
Ans: Fluorescence is the emission of light by a molecule after it has absorbed radiation, usually within seconds. Stokes shift is the difference in wavelength between the incident light (absorption) and the emitted light (emission), with emission occurring at longer wavelengths. 

What are intrinsic and extrinsic fluorophores?
Ans: Intrinsic fluorophores are naturally present in biomolecules (e.g., Tryptophan, Tyrosine in proteins). Extrinsic fluorophores are fluorescent dyes added to the sample to study structures that do not naturally fluoresce (e.g., FITC, DAPI). 

What is the principle of Mass Spectrometry?
Ans: MS involves ionizing chemical compounds to generate charged molecules or molecule fragments (ions) and measuring their mass-to-charge ratio.

What are MALDI and ESI in MS?
Ans: MALDI (Matrix-Assisted Laser Desorption/Ionization) and ESI (Electrospray Ionization) are "soft" ionization techniques. They ionize large, fragile biomolecules (proteins, DNA) without breaking them, allowing molecular weight determination. 

What is Nuclear Magnetic Resonance (NMR) spectroscopy?
Ans: It studies the magnetic properties of certain atomic nuclei in a strong magnetic field. When hit with radio-frequency radiation, these nuclei flip their spin, providing information on the chemical environment of atoms in a molecule. 

What is Electron Spin Resonance (ESR) spectroscopy?
Ans: Also known as Electron Paramagnetic Resonance (EPR), it is used to study materials with unpaired electrons, such as free radicals or metal-containing proteins, by applying a magnetic field and microwave radiation. 

What is the principle of X-ray crystallography?
Ans: It is based on the diffraction of X-rays by the ordered, repeating atoms in a crystal lattice. The resulting diffraction pattern is analyzed using Bragg’s Law to determine the precise 3D arrangement of atoms. 

.Electron Microscopy (EM)
Ans: Electron microscopes use beams of electrons instead of light. Because the wavelength of electrons is much smaller than visible light, resolution is significantly higher. 
Principles of Electron Microscopy
Uses electromagnetic lenses to focus electron beams in a vacuum.
Samples must be dehydrated and fixed, usually killing them. 
Preparation of Samples (TEM/SEM)
1. Fixation: Glutaraldehyde/Formaldehyde (preserves structure).
2. Dehydration: Ethanol/Acetone series (removes water).
3. Embedding/Sectioning (TEM): Epoxy resin embedding and cutting into 50–100 nm sections using an ultramicrotome.
4. Coating (SEM): Coating samples with a conductive metal (gold/platinum) to prevent charging. 
Transmission Electron Microscopy (TEM)
· Principle: Electrons pass through an ultra-thin sample.
· Imaging: 2D image of internal structures (organelles).
· Components: High voltage electron gun, thin sample, projector lens. 
Scanning Electron Microscopy (SEM)
· Principle: A focused beam of electrons scans the surface of a sample, causing emission of secondary electrons.
· Imaging: 3D-like images of surface topography.
· Components: Scanning coils, electron detector. 
What is Centrifugation and principle
Centrifugation uses centrifugal force to separate mixtures of particles based on their density, size, and shape in a liquid medium. 
Basic Principles of Sedimentation
· Sedimentation: Heavier particles settle (sediment) to the bottom faster than lighter ones.
· Centrifugal Force
· Relative Centrifugal Force (RCF / g-force): The preferred measure of force, as it accounts for rotor radius, rather than just speed (RPM).
What are the different Types of Centrifuge
1. Microcentrifuge: High speed, small volumes (up to 2 mL).
2. Benchtop/High-Speed Centrifuge: Moderate to high speed 
3. Ultracentrifuge: Extremely high speed. Used for separation of viruses, proteins, and ribosomes. Requires vacuum and cooling. 
What are the different types of Centrifugation?
1. Differential Centrifugation: Based on size. Sequential centrifugation at increasing speeds, bringing down particles in layers (e.g., nuclei, mitochondria microsomes).
2. Density Gradient Centrifugation (Two Subtypes):
Rate-Zonal: Separates based on size/sedimentation coefficient through a density gradient (e.g., sucrose).
Isopycnic (Equilibrium): Separates based on buoyant density. Particles stop moving when their density equals the gradient density (e.g., CsCl). 
Types of Rotors
· Fixed Angle: Tubes are at an angle; good for pelleting.
· Swinging Bucket: Tubes are vertical at rest but horizontal during spin; better for density gradient. 
 What is the basic principle of Gel Electrophoresis?
Ans: The principle is based on the migration of charged molecules (DNA-, RNA-, Proteins+/-) within an electric field through a porous gel matrix. Molecules migrate toward the opposite electrode (negatively charged DNA moves toward the positive anode) and are separated primarily by size, where smaller molecules move faster through the pores than larger ones
. 
Why is SDS used in Protein Electrophoresis (SDS-PAGE)?
Ans: SDS (Sodium Dodecyl Sulfate) is an anionic detergent used to denature proteins and impart a uniform net negative charge proportional to their molecular weight. This ensures that proteins are separated solely based on their size/molecular weight rather than their intrinsic charge or shape. 

What is the difference between Agarose and Polyacrylamide gels?
Ans: Agarose gels have larger pores and are used for separating large nucleic acids (DNA/RNA). Polyacrylamide gels (PAGE) have smaller, cross-linked pores, providing higher resolution for separating smaller molecules like proteins and small DNA fragments. 

 Define Native PAGE and its use.
Ans: Native PAGE (Polyacrylamide Gel Electrophoresis) separates proteins in their natural, folded state without denaturing agents like SDS. It is used to study protein conformation, subunit structure, and enzyme activity because it maintains the protein's native structure. 

What is the purpose of Gradient Gels in electrophoresis?
Ans: Gradient gels have a varying concentration of polyacrylamide (low to high) from top to bottom. This allows for the separation of a wider range of protein molecular weights on a single gel, providing better resolution for both small and large proteins simultaneously. 

What is the principle of Isoelectric Focusing (IEF)?
Ans: IEF separates proteins based on their pI (isoelectric point) in a pH gradient. Proteins migrate in an electric field until they reach a position where the pH equals their pI, at which point they become neutral and stop migrating, resulting in high-resolution separation. 

What is 2-D PAGE?
Ans: Two-dimensional (2-D) PAGE combines two different separation techniques: IEF (separation by pI) in the first dimension and SDS-PAGE (separation by molecular weight) in the second dimension. It is used for complex protein mixtures, separating thousands of proteins simultaneously. 

Define Western Blotting.
Ans: Western blotting is a technique used to detect specific proteins in a sample. It involves separating proteins via SDS-PAGE, transferring (blotting) them onto a membrane, and identifying the target protein using specific antibodies. 

What is the function of Southern and Northern Blotting?
Ans: Southern blotting is used to detect specific DNA sequences in a sample, whereas Northern blotting is used to detect specific RNA sequences. 

What is PCR (Polymerase Chain Reaction)?
Ans: PCR is a molecular technique used to amplify a specific DNA sequence in vitro. It uses DNA polymerase, primers, and thermal cycling (denaturation, annealing, extension) to produce millions of copies of a target DNA fragment. 

What is the basic principle of chromatography?
Ans: Chromatography is based on the differential distribution of components in a mixture between two phases: a stationary phase and a mobile phase. Components move at different speeds depending on their relative affinities for these phases, leading to separation.
Define the Distribution Coefficient.
Ans: It is the ratio of the concentration of a solute in the stationary phase to its concentration in the mobile phase at equilibrium. A higher means the solute interacts more with the stationary phase and will move more slowly through the system.
What is Retention Time 
 Ans: Retention time is the characteristic time it takes for a particular analyte to pass through the chromatographic system from the inlet to the detector.It is unique for each compound under specific conditions and is used for identification in a chromatogram.
How are chromatographic methods classified based on the mobile phase?
Ans: They are classified into Liquid Chromatography (LC), where the mobile phase is a liquid, and Gas Chromatography (GC), where the mobile phase is a gas.This classification dictates the instrumentation and types of samples (e.g., volatile vs. non-volatile) that can be analyzed.
What is the role of the Mobile Phase?
Ans:It is a liquid or gas that carries the sample and propels the components through the stationary phase. The mobile phase's properties, such as polarity or pH, are often adjusted to optimize the separation of different analytes. 
What is the principle of Paper Chromatography?
Ans: The primary principle is partition, where components distribute between the mobile phase and water trapped in the cellulose fibers of the paper.Cellulose acts as an inert support for the water (stationary phase) while an organic solvent moves over it.
What is Thin Layer Chromatography (TLC)?
Ans: TLC is a technique where the stationary phase is a thin layer of adsorbent (like silica gel) coated onto a flat glass, plastic, or metal plate. It is widely used for monitoring reaction progress and purity due to its speed and simplicity.

What is the main advantage of Column Chromatography for macromolecules?
Ans: It allows for preparative separation, meaning large quantities of purified substances (like proteins) can be collected for further use. Unlike TLC, it uses a packed column that can handle higher sample loads and provides better resolution for complex mixtures.
Explain the difference between Adsorption and Partition Chromatography.
Ans: Adsorption involves solutes sticking to the surface of a solid stationary phase, while Partition involves solutes dissolving between two liquid phases. Adsorption relies on surface forces like hydrogen bonding, whereas partition depends on relative solubility. 
What is Ion Exchange Chromatography (IEC)?
Ans: IEC separates ions and polar molecules based on their affinity to an ion exchanger (stationary phase) with an opposite charge. Positively charged molecules bind to cation exchangers, while negatively charged molecules bind to anion exchangers.
Define Cation Exchange Chromatography.
 Ans: A form of IEC where the stationary phase is negatively charged and attracts positively charged analytes. It is commonly used when the protein of interest is at a pH below its isoelectric point (pI).
What is Gel Exclusion (Size Exclusion) Chromatography?
Ans: A technique that separates molecules based on their size and shape by passing them through a porous stationary phase. Large molecules cannot enter the pores and elute first, while smaller molecules enter the pores and take longer to elute.
Why do large molecules elute first in Gel Filtration?
Ans: Large molecules are excluded from the pores of the gel beads and move only through the interstitial spaces between beads. Since they bypass the pore volume, their path length is shorter, leading to faster elution.
What is the principle of Affinity Chromatography?
Ans: It relies on highly specific macromolecular interactions, such as antigen-antibody or enzyme-substrate binding. Only the specific molecule that binds to the ligand in the column is retained, allowing for high purity in a single step.
Name two common ligands used in Affinity Chromatography.
Ans: Common ligands include antibodies (for antigens), substrates/inhibitors (for enzymes), and lectins (for glycoproteins). These ligands are covalently attached to an inert matrix to capture the target molecule.
What is Normal Phase Chromatography (NPC)?
Ans: A mode where the stationary phase is polar (e.g., silica) and the mobile phase is non-polar (e.g., hexane). Compounds are retained longer because they interact more strongly with the polar stationary phase.
What is Reversed Phase Chromatography (RPC)?
Ans: A mode where the stationary phase is non-polar (e.g., C-18) and the mobile phase is polar (e.g., water/methanol). Non-polar molecules are retained more due to hydrophobic interactions, making it the most common method in HPLC.
Define HPLC (High-Performance Liquid Chromatography).
Ans: HPLC is an advanced liquid chromatography technique that uses high pressure to force the mobile phase through a column packed with very small particles. The small particle size increases the surface area for interaction, providing much higher resolution and speed.
What are the key components of an HPLC system?
Ans: Key components include a solvent reservoir, high-pressure pump, injector, column, detector, and data system/recorder. Each part is specialized to handle the high pressures and sensitive detection required for modern analysis. 
What is the principle of Gas Chromatography (GC)?
Ans: GC separates volatile components by distributing them between a gaseous mobile phase (carrier gas) and a stationary phase. Compounds must be vaporizable without decomposition to be analyzed by GC.
What is the role of a Carrier Gas in GC?
Ans: It acts as the mobile phase, transporting the vaporized sample through the column without interacting chemically with the analytes. Common carrier gases are inert ones like Helium, Nitrogen, or Argon.
Mention two detectors used in Gas Chromatography.
Ans: Common detectors include the Flame Ionization Detector (FID) and the Thermal Conductivity Detector (TCD). Detectors sense the presence of analytes in the carrier gas and produce an electrical signal.
How does temperature affect Gas Chromatography?
Ans: Higher temperatures increase the vapor pressure of solutes, reducing their interaction with the stationary phase and shortening retention times. Precise temperature control (oven programming) is essential for effective separation in GC.
What is a Chromatogram?
Ans: A chromatogram is a visible plot of the detector signal versus time or volume. Each peak on the chromatogram represents a separated component from the original mixture.
What does the area under a peak in a chromatogram represent?
Ans: The peak area is proportional to the amount or concentration of the component in the sample. This allows for quantitative analysis of the mixture components.
What is meant by "Elution" in chromatography?
Ans: Elution is the process of extracting or washing an adsorbed substance from the stationary phase using a solvent (the eluent).The solvent that comes out of the column after elution is called the "eluate".
Define "Resolution" in chromatography.
Ans: Resolution is a measure of how well two adjacent peaks in a chromatogram are separated from each other. High resolution is necessary to accurately identify and quantify individual components in a complex mixture.
What is the significance of particle size in column packing?
Ans: Smaller particle sizes provide a larger surface area for interaction, leading to higher efficiency and better resolution. However, smaller particles also create higher back-pressure, requiring specialized pumps as seen in HPLC.
What is Gradient Elution in HPLC?
Ans: It is a technique where the composition of the mobile phase is changed during the run to improve separation efficiency. By increasing the solvent strength over time, components that are strongly retained can be eluted more quickly. 
 What is the working principle of a Geiger-Muller (GM) counter?

A: A GM counter works on the principle of gas ionization. When ionizing radiation (alpha, beta, or gamma) passes through the tube, it ionizes the filler gas (like Argon). The applied high voltage accelerates these ions, causing a cascade of ionizations (Townsend avalanche), producing a large electrical pulse that is recorded as a "count." 

What is the role of the "quenching agent" in a GM tube?

Ans: In a GM tube, a quenching gas (like alcohol or halogen) is added to stop the continuous discharge or avalanche of electrons after an ionization event. Without a quenching agent, the detector would produce multiple pulses for a single radioactive particle, resulting in false, high readings. 

What are the limitations of a GM counter?
Ans: 1. It cannot distinguish between different types of radiation (e.g., alpha vs. gamma) because all events produce the same size pulse.
2. It has high "dead time," meaning it cannot accurately measure very high intensities of radiation. 

Distinguish between solid and liquid scintillation counting.
Ans: Solid Scintillation: Uses solid crystals (e.g., NaI(Tl)) to detect high-energy gamma rays.
· Liquid Scintillation (LSC): Mixes the radioactive sample with a "scintillation cocktail" (liquid) to detect low-energy beta emitters as the sample is in direct contact with the scintillator. 
What is the role of the Photomultiplier Tube (PMT) in a scintillation counter?
Ans: The scintillation material emits light (photons) when radiation strikes it. The PMT detects these weak light flashes and converts them into electrical signals (photoelectrons) and amplifies them, producing a pulse proportional to the energy of the radiation. 
What is "quenching" in Liquid Scintillation Counting (LSC)?
Ans: Quenching is any process that reduces the light output produced in the scintillator cocktail, leading to a reduction in the measured count rate. Common causes include colored or chemical contaminants in the sample that absorb light before it reaches the PMT. 

Define autoradiography and state its principle.
Ans: Autoradiography is a technique used to detect and visualize the spatial distribution of radioisotopes within a sample (like tissue sections or gel electrophoresis). The principle is based on exposing a photographic emulsion (X-ray film) to the radiation emitted by the labeled sample, which produces a "hidden image" of the labeled compound. 
What are the advantages of autoradiography?
Ans: It provides a visual image of the exact location of radioactive compounds (high resolution).
2. It is highly sensitive, capable of detecting very small amounts of radioisotopes in biological samples. 
Mention the three cardinal principles of radiation protection.
Ans: Time: Minimize the time spent near a radioactive source to reduce dose.
1. Distance: Maximize the distance from the source (inverse square law).
2. Shielding: Use appropriate barriers (lead for gamma, plexiglass for beta) to block radiation. 
What are the proper procedures for disposing of radioactive waste?

Segregation: Keep radioactive waste separate from regular trash and categorize by half-life (short vs. long).
Shielding & Labeling: Store in lead-shielded, labeled containers. Liquid waste should be solidified.
Disposal: Dispose of only through authorized radiation safety officers (RSO) or, for short half-lives, decay-in-storage until they reach background levels. 
What is the difference between contamination and exposure?
Ans: Exposure: Being near a radiation source (like standing near an X-ray machine). It stops when you leave the area.
Contamination: Radioactive material is deposited on surfaces, skin, or ingested. It continues to deliver dose until removed by decontamination. 
What protective clothing is required when handling radioactive materials?
Ans: Lab Coat: To prevent contamination of clothing.
Gloves: Disposable nitrile or latex gloves to protect hands.
Safety Goggles/Eye Protection: To prevent liquid splashes to the eyes.
Dosimeter Badge: To measure cumulative exposure. 
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