
Introduction to Analytical Chemistry – Problem Solving

Designed as a quick?reference guide for students and professionals

1. What Is Analytical Chemistry?

Aspect Description

Definition
The branch of chemistry concerned with the identification and quantification of

chemical species in a sample.

Goal
Obtain reliable, accurate, and precise information about composition, structure,

and amount of analytes.

Scope
Qualitative analysis (what is present) ? Quantitative analysis (how much is

present).

Key

Disciplines

Spectroscopy, chromatography, electrochemistry, mass spectrometry, titrimetry,

chemometrics.

2. The Problem?Solving Cycle

1. Define the Problem

Identify the analyte(s) of interest.

Clarify the required information (presence/absence, concentration, purity, etc.).

Establish performance criteria (accuracy, precision, detection limit, time, cost).

2. Gather Information

Sample matrix (water, soil, blood, etc.).

Possible interferences.

Legal or regulatory limits.

Available instrumentation and resources.

3. Select an Analytical Approach

Screening vs. Confirmatory methods.

Direct vs. Indirect measurement.
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Choose based on: selectivity, sensitivity, speed, cost, environmental impact.

4. Develop the Method

Choose reagents, standards, calibration strategy.

Optimize experimental parameters (pH, temperature, flow rate, wavelength).

Design validation plan (linearity, range, LOD/LOQ, robustness).

5. Validate the Method

Perform experiments to prove that the method meets the predefined criteria.

Use statistical tools (ANOVA, t?test, regression analysis) to assess performance.

6. Apply the Method to Real Samples

Prepare samples (digestion, extraction, dilution).

Run controls, blanks, and spikes to monitor accuracy.

Record raw data and metadata (instrument settings, environmental conditions).

7. Process & Interpret Data

Convert raw signals to concentrations using calibration curves or equations.

Apply correction factors (recovery, matrix effects).

Estimate uncertainty (propagation of errors, Monte?Carlo simulation).

8. Report Results

Present values with appropriate units, significant figures, and uncertainty.

Include method description, validation data, and any deviations.

State compliance with regulatory limits if applicable.

9. Review & Improve

Analyze failures or outliers.

Update method or procedure for better performance.

3. Core Concepts & Tools

Concept Why It Matters Typical Tools
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Selectivity
Ability to discriminate

analyte from interferents.

Derivatization, separation (HPLC,

GC), wavelength selection.

Sensitivity
Minimum detectable

amount.

Low?noise detectors, pre?

concentration, signal amplification.

Linearity
Proportional response over

a range.

Calibration curves, regression

analysis (R² ? 0.99).

Accuracy & Precision
Truthfulness vs.

repeatability.

Recovery studies, replicate

analyses, control charts.

Detection Limit (LOD) &

Quantification Limit (LOQ)

Smallest reliably

measurable signal.

3? (LOD) and 10? (LOQ) from

blank measurements.

Uncertainty
Quantifies confidence in

result.
G
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