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1. What Is Research in Chemistry?

Aspect Description
Definition Systematic investigation aimed at generating new chemical knowledge or solving
specific problems.
Goal Discover, explain, predict, or apply chemical phenomena.
Scope Pure (fundamental) chemistry, applied chemistry, interdisciplinary fields (materials,

environmental, medicinal, etc.).

2. The Scientific Method — Core Cycle

1. Observation — Gather qualitative or quantitative data from natural phenomena or literature.

2. Question — Formulate a clear, focused research question or hypothesis.

3. Background Research — Review existing literature, databases, patents, and previous
experiments.

4. Hypothesis — Propose a testable statement (e.g., “Increasing temperature will raise the rate
constant of reaction X”).

5. Experimental Design — Plan how to test the hypothesis (variables, controls,

instrumentation).

Data Collection — Perform experiments, record measurements, ensure reproducibility.

Data Analysis — Use statistical tools, graphs, and models to interpret results.

Conclusion — Accept, reject, or modify the hypothesis; discuss implications.
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Communication — Write reports, publish papers, present at conferences.
10. Replication / Further Work — Others repeat the study or extend it.

3. Types of Chemical Research

Category Typical Objectives Common Techniques
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Create new compounds, Organic synthesis, catalysis, flow

improve yieldldCnemist r&ymistry
Spectroscopy (IR, NMR, UV?Vis),
Analytical Chemistry Identify/quantify substances chromatography (GC, HPLC), mass

Synthetic Chemistry

spectrometry

) , Understand thermodynamics, Calorimetry, spectroscopy,
Physical Chemistry

kinetics, quantum behavior computational modeling
. . Design functional materials X?ray diffraction, electron microscopy,
Materials Chemistry ) )
(polymers, nanomaterials) surface analysis
Computational Predict structures, reactions, )
_ _ DFT, molecular dynamics, QM/MM
Chemistry properties
Environmental / Reduce waste, develop Life?cycle analysis, green metrics,
Green Chemistry sustainable processes alternative solvents

4. Experimental Design Essentials

4.1 Variables

Type Role
Independent variable Parameter deliberately changed (e.g., catalyst concentration).
Dependent variable Measured outcome (e.g., product yield, rate constant).

Controlled variables Conditions kept constant (temperature, pressure, solvent).

4.2 Controls

e Positive control — Known system that should give a predictable result, confirming the
method works.

e Negative control — System lacking the factor under study, confirming observed effects are
due to the variable.

4.3 Replication & Randomization

e Perform technical replicates (same sample) to assess precision.
e Perform biological/chemical replicates (independent samples) to assess reproducibility.
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e Randomize order of runs to minimize systematic bias.

Chemistry

4.4 Sample Size & Power

e Use statistical power analysis (e.g., G*Power) to decide the number of replicates needed for
a desired confidence level (usually 95?% confidence, 80?% power).

4.5 Safety & Ethics

e Conduct arisk assessment (chemical hazards, waste disposal).
e Follow institutional ethical guidelines (e.g
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