1. Organic Chemistry

Synthesis of Organic Compounds
o Objective: Create and purify new organic compounds.
o Techniques: Use reactions like esterification, aldol condensation, or
Friedel-Crafts acylation.
o Analysis: Characterize compounds using NMR, IR, or mass spectrometry.
Natural Dye Extraction
o Objective: Extract and analyze dyes from natural sources such as plants.
o Techniques: Use solvent extraction and chromatography.
o Analysis: Test colorfastness and compare with synthetic dyes.
Polymerization Reactions
o Objective: Synthesize and study polymers such as polyethylene or polystyrene.
o Techniques: Use methods like addition polymerization or condensation
polymerization.
o Properties: Investigate mechanical properties, solubility, and thermal stability.
Preparation of Esters
o Objective: Investigate esterification reactions to create esters.
o Techniques: Use acid-catalyzed reactions between alcohols and carboxylic
acids.
o Applications: Test esters in fragrances and flavorings.
Biodiesel Production
o Objective: Produce biodiesel from vegetable oils or animal fats.
o Techniques: Use transesterification with catalysts.
o Analysis: Evaluate biodiesel quality through viscosity, flash point, and cetane
number.
Chemical Reactions in Cooking
o Objective: Study organic reactions involved in food preparation.
o Examples: Maillard reaction, caramelization, and enzyme activity in cooking.
o Analysis: Measure changes in flavor, color, and texture.
Natural vs. Synthetic Compounds
o Objective: Compare properties of natural and synthetic compounds.
o Techniques: Analyze physical and chemical properties.
o Applications: Explore uses in pharmaceuticals and consumer products.
Green Chemistry Practices
o Objective: Implement environmentally friendly synthesis methods.
o Techniques: Use renewable resources, reduce solvents, and minimize
by-products.
o Analysis: Assess environmental impact and efficiency.
Determining Organic Structures
o Objective: Use spectroscopy to determine the structure of organic compounds.
o Techniques: Apply NMR, IR, and mass spectrometry.
o Analysis: Interpret spectra to confirm molecular structure.



Plastic Degradation
o Objective: Study methods for breaking down plastics.
o Techniques: Use chemical, biological, or physical degradation methods.
o Analysis: Measure degradation rates and by-products.

2. Inorganic Chemistry

Coordination Compounds

o Objective: Synthesize and study metal-ligand complexes.

o Techniques: Prepare complexes with different ligands and metals.

o Analysis: Investigate stability, color, and reactivity.
Transition Metal Properties

o Objective: Explore the color and reactivity of transition metal ions.

o Techniques: Perform redox reactions and observe color changes.

o Analysis: Relate properties to electronic configurations.
Inorganic Pigments

o Objective: Investigate properties and uses of inorganic pigments.

o Techniques: Synthesize and test pigments for colorfastness and stability.

o Applications: Evaluate use in paints, inks, and dyes.
Metal Nanoparticles

o Objective: Synthesize and characterize metal nanoparticles.

o Techniques: Use methods like chemical reduction or sol-gel processes.

o Analysis: Assess particle size, distribution, and surface properties.
Water Hardness Analysis

o Objective: Measure calcium and magnesium ions in water.

o Techniques: Use titration or ion-exchange methods.

o Analysis: Compare hardness levels and implications for water treatment.
Metal Extraction

o Objective: Extract metals from ores using various methods.

o Techniques: Use processes like leaching, roasting, and electrolysis.

o Analysis: Evaluate efficiency and purity of extracted metals.
Bioinorganic Chemistry

o Objective: Study the role of metals in biological systems.

o Techniques: Investigate metal-containing enzymes and metalloproteins.

o Applications: Explore roles in enzyme catalysis and oxygen transport.
Catalysis

o Objective: Examine how metal complexes act as catalysts.

o Techniques: Study catalytic cycles and efficiency.

o Applications: Investigate industrial applications and reaction optimization.
Medicinal Metals

o Obijective: Explore metal-based drugs and their effects.

o Techniques: Study mechanisms of action and therapeutic uses.

o Analysis: Evaluate efficacy and safety profiles.
Coordination Complex Stability



o Objective: Analyze the stability of different coordination complexes.
o Techniques: Perform stability constant calculations and kinetic studies.
o Analysis: Assess factors influencing stability.

3. Physical Chemistry

e Reaction Kinetics
o Objective: Study the rates of chemical reactions.
o Techniques: Measure reaction rates under different conditions.
o Analysis: Determine rate laws and activation energy.
e Spectroscopy Techniques
o Objective: Use spectroscopy to analyze chemical compounds.
o Techniques: Apply UV-Vis, IR, or NMR spectroscopy.
o Analysis: Identify functional groups and molecular structures.
e Thermodynamic Studies
o Objective: Explore energy changes in chemical reactions.
o Techniques: Measure enthalpy, entropy, and Gibbs free energy.
o Analysis: Evaluate spontaneity and equilibrium.
e Electrochemical Cells
o Objective: Build and test electrochemical cells.
o Techniques: Construct galvanic and electrolytic cells.
o Analysis: Measure cell potential and efficiency.
e Surface Chemistry
o Objective: Study adsorption and surface reactions.
o Techniques: Use techniques like BET surface area analysis and adsorption
isotherms.
o Analysis: Investigate surface interactions and properties.
e Chemical Equilibrium
o Objective: Investigate how chemical equilibria shift.
o Techniques: Study effects of concentration, temperature, and pressure.
o Analysis: Calculate equilibrium constants and shifts.
e Rate Laws
o Objective: Determine rate laws and mechanisms.
o Techniques: Conduct experiments to measure reaction rates.
o Analysis: Develop rate equations and interpret reaction mechanisms.
e pH Measurement
o Objective: Analyze the pH of various solutions.
o Techniques: Use pH meters or indicators.
o Analysis: Relate pH to acidity and basicity in different contexts.
e Spectral Analysis
o Objective: Analyze spectra to determine chemical compositions.
o Techniques: Use spectrometers to obtain and interpret spectra.
o Analysis: Identify compounds and analyze concentrations.
e Colloidal Systems



o Objective: Study properties and stability of colloids.
o Techniques: Investigate particle size and distribution.
o Analysis: Assess stability and applications in products.

4. Analytical Chemistry

e Quantitative Titration
o Objective: Measure the concentration of a substance using titration.
o Techniques: Use acid-base, redox, or complexometric titrations.
o Analysis: Calculate concentrations and analyze accuracy.
e Chromatography
o Objective: Separate and analyze compounds using chromatography.
o Techniques: Apply TLC, HPLC, or GC.
o Analysis: |dentify and quantify separated compounds.
e Spectrophotometric Analysis
o Objective: Measure concentrations using spectrophotometry.
o Techniques: Use UV-Vis spectrophotometers for analysis.
o Analysis: Determine absorbance and concentration.
e Chemical Detection
o Objective: Develop methods to detect specific chemicals.
o Techniques: Use colorimetric, fluorescence, or electrochemical sensors.
o Applications: Implement in environmental or forensic analysis.
e Soil Analysis
o Obijective: Test soil for nutrient content and pollutants.
o Techniques: Use methods like spectrometry and chromatography.
o Analysis: Evaluate soil quality and contamination levels.
e Vitamin Content Measurement
o Objective: Analyze the concentration of vitamins in food or supplements.
o Techniques: Use HPLC or spectrophotometry.
o Analysis: Compare results with nutritional standards.
e Forensic Analysis
o Obijective: Apply analytical techniques to forensic samples.
o Techniques: Use chromatography, spectrometry, or microscopy.
o Applications: Solve criminal cases by analyzing evidence.
e Water Quality Testing
o Objective: Test water samples for contaminants and pollutants.
o Techniques: Analyze parameters like pH, turbidity, and chemical contaminants.
o Analysis: Ensure water meets safety standards.
e Analytical Method Development
o Objective: Create and validate new methods for chemical analysis.
o Techniques: Develop methods for specific analytes or matrices.
o Analysis: Ensure accuracy, precision, and reliability.
e Instrument Calibration
o Obijective: Ensure analytical instruments are accurately calibrated.



o Techniques: Use standard solutions and calibration curves.
o Analysis: Verify instrument performance and measurement accuracy.

5. Environmental Chemistry

Air Quality Monitoring
o Objective: Measure pollutants and particulate matter in the air.
o Techniques: Use air sampling and analysis methods like spectroscopy.
o Analysis: Assess pollutant levels and health impacts.
Water Purification
o Objective: Investigate methods for purifying contaminated water.
o Techniques: Use filtration, distillation, and chemical treatments.
o Analysis: Evaluate effectiveness and safety of purification methods.
Soil Contamination
o Objective: Study the impact of pollutants on soil health.
o Techniques: Test soil samples for contaminants and nutrients.
o Analysis: Assess effects on plant growth and soil quality.
Green Chemistry Solutions
o Objective: Develop eco-friendly chemical processes.
o Techniques: Implement practices like green synthesis and waste reduction.
o Analysis: Evaluate environmental benefits and sustainability.
Waste Management
o Objective: Explore methods for managing and recycling chemical waste.
o Techniques: Use waste minimization and treatment methods.
o Analysis: Assess effectiveness and environmental impact.
Pesticide Effects
o Objective: Study the impact of pesticides on ecosystems.
o Techniques: Analyze soil, water, and biological samples.
o Analysis: Evaluate effects on non-target organisms and environment.
Pollutant Bioaccumulation
o Objective: Investigate how pollutants accumulate in food chains.
o Techniques: Analyze biomagnification in organisms.
o Analysis: Assess risks to human health and wildlife.
Renewable Energy
o Objective: Explore renewable energy sources and technologies.
o Techniques: Study solar, wind, and bioenergy systems.
o Analysis: Evaluate efficiency and environmental benefits.
Climate Change Chemistry
o Objective: Analyze the role of chemicals in climate change.
o Techniques: Study greenhouse gases and their effects.
o Analysis: Assess contributions to global warming and mitigation strategies.
Plastic Waste Impact
o Objective: Study environmental effects of plastic waste.
o Techniques: Analyze degradation rates and environmental distribution.



o Analysis: Evaluate solutions for reducing plastic pollution.

6. Industrial Chemistry

e Catalysis
o Objective: Investigate catalysts used in industrial processes.
o Techniques: Study catalytic mechanisms and efficiencies.
o Applications: Optimize reactions and improve product yields.
e Chemical Process Optimization
o Objective: Improve the efficiency of chemical processes.
o Techniques: Use process modeling and optimization techniques.
o Analysis: Enhance productivity and reduce costs.
e Synthetic Polymers
o Objective: Study the production and applications of synthetic polymers.
o Techniques: Synthesize polymers like nylon or polyethylene.
o Applications: Explore uses in materials and manufacturing.
e Chemical Safety
o Objective: Explore safety measures in chemical manufacturing.
o Techniques: Implement safety protocols and risk assessments.
o Analysis: Ensure workplace safety and regulatory compliance.
e Industrial Waste Analysis
o Objective: Analyze and treat industrial waste.
o Techniques: Use methods for waste characterization and treatment.
o Analysis: Reduce environmental impact and improve waste management.
e Material Development
o Objective: Create and test new industrial materials.
o Techniques: Develop composites, alloys, or specialty materials.
o Applications: Evaluate performance in industrial applications.
e Process Efficiency
o Objective: Enhance efficiency in chemical manufacturing processes.
o Techniques: Use lean manufacturing and process optimization.
o Analysis: Reduce energy consumption and increase output.
e Energy Consumption
o Objective: Analyze and reduce energy use in production.
o Techniques: Implement energy-saving technologies and practices.
o Analysis: Evaluate cost savings and environmental impact.
e Scaling Up Reactions
o Objective: Develop methods to scale laboratory reactions to industrial scale.
o Techniques: Optimize reaction conditions for larger volumes.
o Analysis: Ensure scalability and consistency in production.
e Quality Control
o Objective: Implement quality control measures in manufacturing.
o Techniques: Use analytical techniques for product testing.
o Analysis: Ensure product quality and adherence to standards.



7. Biochemistry

e Enzyme Kinetics
o Objective: Study the rates and efficiencies of enzyme-catalyzed reactions.
o Techniques: Measure reaction rates and calculate kinetic parameters.
o Analysis: Analyze enzyme activity and inhibition.
e Protein Purification
o Objective: Isolate and analyze specific proteins from mixtures.
o Techniques: Use chromatography, electrophoresis, and precipitation methods.
o Analysis: Determine protein purity and activity.
e Metabolic Pathways
o Objective: Investigate biochemical pathways in metabolism.
o Techniques: Study metabolic intermediates and regulatory mechanisms.
o Analysis: Explore roles in health and disease.
e DNA Sequencing
o Objective: Analyze genetic information from DNA sequences.
o Techniques: Use sequencing technologies like PCR and next-generation
sequencing.
o Analysis: |dentify genetic variations and mutations.
e Protein-DNA Interactions
o Objective: Study interactions between proteins and DNA.
o Techniques: Use techniques like gel shift assays and chromatin
immunoprecipitation.
o Analysis: Investigate roles in gene regulation and transcription.
e Biochemical Assays
o Objective: Develop assays to measure biochemical activities.
o Techniques: Use enzyme-linked immunosorbent assays (ELISA) and
colorimetric assays.
o Analysis: Quantify biomolecules and assess activity.
e Lipids in Membranes
o Objective: Study the role of lipids in cell membranes.
o Techniques: Analyze lipid composition and membrane fluidity.
o Analysis: Investigate roles in cell signaling and structure.
e Drug Effects
o Objective: Explore how drugs impact biochemical processes.
o Techniques: Study drug mechanisms and interactions.
o Analysis: Evaluate efficacy and side effects.
e Biomolecules and Health
o Objective: Investigate biomolecules' roles in health and disease.
o Techniques: Study proteins, nucleic acids, and lipids.
o Analysis: Explore connections to diseases and therapeutic targets.
e Metabolic Disorders
o Objective: Study biochemical aspects of metabolic disorders.
o Techniques: Analyze enzyme deficiencies and metabolic imbalances.



o Analysis: Investigate diagnostic and treatment options.

8. Medicinal Chemistry

e Drug Discovery
o Obijective: Explore the stages of developing new drugs.
o Techniques: Use high-throughput screening and structure-based drug design.
o Analysis: Evaluate drug candidates for efficacy and safety.
e Antiviral Agents
o Objective: Develop and test antiviral compounds.
o Techniques: Synthesize and evaluate compounds against viral targets.
o Analysis: Measure antiviral activity and selectivity.
e Pharmacokinetics
o Objective: Study how drugs are absorbed, distributed, and metabolized.
o Techniques: Analyze drug concentrations in blood and tissues.
o Analysis: Evaluate drug behavior and dosing regimens.
e Drug Delivery Systems
o Objective: Develop methods for effective drug delivery.
o Techniques: Create formulations like nanoparticles or liposomes.
o Analysis: Assess delivery efficiency and release rates.
e Drug Interactions
o Objective: Investigate interactions between different drugs.
o Techniques: Study drug-drug interactions and effects on metabolism.
o Analysis: Evaluate potential adverse effects and interactions.
e Medicinal Plants
o Objective: Study the chemical properties of medicinal plants.
o Techniques: Extract and analyze bioactive compounds.
o Analysis: Assess therapeutic potential and safety.
e Pain Relief Medications
o Obijective: Develop new compounds for pain management.
o Techniques: Synthesize and test analgesic compounds.
o Analysis: Evaluate efficacy and side effects.
e Antibiotic Resistance
o Objective: Study mechanisms of antibiotic resistance and develop new
antibiotics.
o Techniques: Investigate resistance mechanisms and test new compounds.
o Analysis: Evaluate effectiveness against resistant strains.
e Cancer Drug Development
o Objective: Explore potential cancer treatments.
o Techniques: Develop and test compounds targeting cancer cells.
o Analysis: Assess efficacy, toxicity, and selectivity.
e Drug Metabolism and Toxicology
o Objective: Study how drugs are metabolized and their potential toxic effects.
o Techniques: Analyze metabolic pathways and toxicological data.



o Analysis: Investigate safety and therapeutic window.

9. Theoretical Chemistry

e Molecular Modeling
o Objective: Use computational methods to model molecular structures and
behaviors.
o Techniques: Apply quantum mechanics and molecular dynamics simulations.
o Analysis: Predict molecular properties and interactions.
e Quantum Chemistry
o Objective: Explore quantum mechanical principles applied to chemistry.
o Techniques: Use computational methods to solve quantum mechanical
equations.
o Analysis: Investigate electronic structures and reaction mechanisms.
e Spectroscopy Theory
o Obijective: Study theoretical aspects of spectroscopy.
o Techniques: Develop models to explain spectral data.
o Analysis: Interpret spectra and predict molecular properties.
e Chemical Thermodynamics
o Objective: Explore theoretical principles of energy changes in reactions.
o Techniques: Use thermodynamic equations and models.
o Analysis: Predict reaction spontaneity and equilibrium positions.
e Computational Chemistry
o Obijective: Apply computational techniques to solve chemical problems.
o Techniques: Use software to perform calculations and simulations.
o Analysis: Interpret results and validate theoretical models.
e Chemical Kinetics Theory
o Objective: Study theoretical aspects of reaction rates and mechanisms.
o Techniques: Develop kinetic models and simulations.
o Analysis: Predict reaction rates and pathways.
e Molecular Dynamics
o Objective: Simulate and analyze the movement of molecules over time.
o Techniques: Use molecular dynamics simulations to study molecular behavior.
o Analysis: Investigate structural changes and interactions.
e Density Functional Theory
o Objective: Apply density functional theory (DFT) to study electronic structure.
o Techniques: Use DFT calculations to analyze molecular properties.
o Analysis: Predict chemical reactivity and properties.
e Chemical Informatics
o Objective: Use data analysis and informatics tools for chemical research.
o Techniques: Apply data mining and machine learning to chemical data.
o Analysis: Discover patterns and make predictions.
e Reaction Mechanism Theory
o Objective: Study the mechanisms of chemical reactions.



o Techniques: Develop and analyze theoretical models of reaction pathways.
o Analysis: Predict intermediate steps and products.

10. Food Chemistry

e Nutrient Analysis
o Objective: Measure the nutrient content in food products.
o Techniques: Use methods like HPLC or spectrophotometry.
o Analysis: Assess levels of vitamins, minerals, and other nutrients.
e Flavor Chemistry
o Objective: Study the chemical compounds responsible for flavor in foods.
o Techniques: Analyze volatile compounds using GC-MS.
o Analysis: Evaluate flavor profiles and their effects on taste.
e Food Additives
o Objective: Investigate the use and effects of food additives.
o Techniques: Study the impact of preservatives, colorants, and flavor enhancers.
o Analysis: Assess safety and effectiveness.
e Food Packaging
o Objective: Study the impact of packaging materials on food quality.
o Techniques: Analyze interactions between food and packaging.
o Analysis: Evaluate shelf-life and safety.
e Food Safety
o Objective: Investigate methods to ensure food safety and prevent contamination.
o Techniques: Test for pathogens, toxins, and contaminants.
o Analysis: Implement safety measures and regulations.
e Carbohydrate Chemistry
o Objective: Study carbohydrates and their role in food.
o Techniques: Analyze sugars, starches, and dietary fibers.
o Analysis: Evaluate their impact on health and nutrition.
e Protein Chemistry in Food
o Objective: Investigate the role of proteins in food.
o Techniques: Study protein structure, function, and interactions.
o Analysis: Assess effects on food texture and nutrition.
e Food Spoilage
o Objective: Study the chemical processes involved in food spoilage.
o Techniques: Analyze microbial growth and chemical changes.
o Analysis: Develop methods to prevent or slow spoilage.
e Colorants in Food
o Objective: Analyze natural and synthetic colorants used in food.
o Techniques: Use chromatography and spectroscopy for analysis.
o Analysis: Evaluate color stability and safety.
e Fat Chemistry
o Objective: Study fats and oils in food products.
o Techniques: Analyze fatty acid composition and properties.



o Analysis: Assess health implications and functionality in food.



