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Introduction

Tea is one of the most widely consumed beverages worldwide, revered not only for its comforting aroma and

diverse flavors but also for its stimulating properties. The primary stimulant in tea is caffeine, a naturally occurring

alkaloid that influences both the physiology of the human body and the sensory experience of the drink.

Understanding the caffeine content of different tea varieties is essential for consumers, manufacturers, and

researchers alike. It informs labeling, quality control, and health impact studies. For students and budding chemists,

designing a chemistry project to determine the caffeine in tea samples offers a practical, hands �on opportunity to

apply analytical techniques, develop laboratory skills, and engage with real �world data.

This article presents a comprehensive guide to planning, executing, and analyzing a chemistry project focused on

caffeine determination in tea. It covers everything from the scientific background and experimental design to safety

considerations and data interpretation. Whether you are a high �school student preparing a science fair entry or a

university laboratory instructor looking for a robust teaching module, this resource will help you structure a rigorous,

reproducible, and educational investigation.

Scientific Background

What Is Caffeine?

Caffeine (1,3,7 �trimethylxanthine) is a purine alkaloid that occurs naturally in several plant species, including coffee

beans, cacao pods, and tea leaves. Its molecular formula is C8H10N4O2, and it functions as a central nervous

system stimulant by antagonizing adenosine receptors. In tea, caffeine content can vary widely depending on

factors such as leaf variety, cultivation conditions, processing methods, and brewing parameters.

Why Measure Caffeine?

Quantifying caffeine in tea samples serves multiple purposes:

•  Consumer Transparency: Accurate labeling helps consumers make informed choices, especially those 

monitoring caffeine intake for health reasons.

•  Quality Control: Manufacturers use caffeine analysis to maintain consistency across batches.

•  Scientific Research: Researchers investigate the relationship between caffeine levels and antioxidant activity, 

flavor profile, or health outcomes.

•  Educational Value: Students gain experience with extraction, purification, and analytical techniques.

Common Analytical Techniques

Several methods are available for caffeine determination, each with its own advantages and limitations. The most

widely used techniques in educational laboratories include:

1.  Spectrophotometry – Simple, cost �effective, and suitable for small �scale projects. It relies on the formation of a 

colored complex between caffeine and a reagent (e.g., 2,4 �dinitrophenylhydrazine or 2,4 �dinitrobenzene) that 

absorbs visible light.

2.  High �Performance Liquid Chromatography (HPLC) – Provides high resolution and sensitivity but requires 

specialized instrumentation.



3.  Thin �Layer Chromatography (TLC) – Useful for qualitative analysis and comparison of caffeine presence 

across samples.

4.  Capillary Electrophoresis – Offers rapid separation but demands precise equipment and expertise.

For most school and undergraduate projects, a spectrophotometric approach strikes the best balance between

accuracy, accessibility, and educational value.

Project Objectives

The primary goal of this chemistry project is to determine the caffeine concentration in various commercially

available tea samples using a spectrophotometric method. Secondary objectives include:

•  Understanding the principles of extraction and complexation chemistry.

•  Learning how to construct and use a calibration curve.

•  Applying statistical analysis to evaluate measurement uncertainty.

•  Exploring the impact of different tea types (black, green, herbal) on caffeine content.

Materials & Equipment

Reagents and Chemicals

•  2,4 �Dinitrophenylhydrazine (DNPH) – 1 /% aqueous solution (or 2,4 �dinitrobenzene for alternative complexation).

•  Acetonitrile (HPLC grade) – extraction solvent.

•  Hydrochloric acid (0.1 /M) – for acidification.

•  Deionized water – for dilutions and rinsing.

•  Standard caffeine reference ("e /99 /% purity).

Equipment

•  UV–Visible spectrophotometer (400–700 /nm range).

•  Volumetric flasks (10 /mL, 25 /mL, 50 /mL).

•  Pipettes and micropipettes (10 /µL–10 /mL).

•  Magnetic stirrer and stir bars.

•  Filter paper or syringe filters (0.45 /µm).

•  Glassware: beakers, graduated cylinders, test tubes.

•  Personal protective equipment (lab coat, gloves, safety goggles).

Experimental Design

Overview of the Procedure

The project follows a classic analytical workflow: sample preparation, extraction, complex formation,

spectrophotometric measurement, and data analysis. Each step is described in detail below.

Sample Selection

Select at least five different tea samples to illustrate caffeine variability:

1.  Black tea (e.g., Assam).

2.  Green tea (e.g., Sencha).

3.  White tea (e.g., Silver Needle).

4.  Oolong tea (e.g., Tie �guanyin).

5.  Herbal tea (e.g., Chamomile – serves as a negative control).

Weigh 0.500 /g of dried tea leaves for each sample to maintain consistency.



Preparation of Standard Solutions

Prepare a series of caffeine standards spanning the expected concentration range (e.g., 10 µg/mL to 200 µg/mL).

Use the following steps:

1.  Weigh 0.050 /g of pure caffeine and dissolve in 10 /mL of acetonitrile to create a 5 /mg/mL stock solution.

2.  Serially dilute the stock with deionized water to obtain the desired standard concentrations.

3.  Filter each standard solution through a 0.45 /µm syringe filter to remove particulates.

Extraction of Caffeine from Tea

Extraction efficiency is critical for accurate quantification. Follow this protocol:

1.  Place the weighed tea sample in a 50 /mL beaker.

2.  Add 30 /mL of acetonitrile and sonicate for 10 /minutes to facilitate solvent penetration.

3.  Transfer the mixture to a 50 /mL volumetric flask, rinse the beaker with an additional 10 /mL of acetonitrile, and 

fill the flask to the mark with deionized water.

4.  Shake the flask vigorously for 30 /seconds to ensure homogeneity.

5.  Filter the extract through a 0.45 /µm filter to remove leaf debris.

Complex Formation

After extraction, the caffeine must form a chromophore to be detected spectrophotometrically. The reaction

proceeds as follows:

1.  Take 5 /mL of the filtered extract and transfer it to a clean test tube.

2.  Add 5 /mL of 0.1 /M HCl to acidify the solution.

3.  Introduce 1 /mL of the 1 /% DNPH solution and mix thoroughly.

4.  Allow the reaction to proceed for 10 /minutes at room temperature; a pink �red complex should form.

5.  Adjust the final volume to 10 /mL with deionized water.

Spectrophotometric Measurement

Measure the absorbance of each sample and standard at the ;¶Ö�€ of the caffeine �DNPH complex (typically around

480 nm). Ensure the spectrophotometer is calibrated with a blank (deionized water + DNPH + HCl). Record the

absorbance values in a data table.

Data Analysis

Constructing the Calibration Curve

Plot absorbance (y �axis) versus caffeine concentration (x �axis) for the standard solutions. Use linear regression to

obtain the equation:

y = mx + b

where m is the slope and bis the y �intercept. The coefficient of determination (R²) should be "e 0.99 to confirm

linearity.

Determining Sample Concentrations

Insert the measured absorbance of each tea extract into the calibration equation to solve for caffeine concentration

(µg/mL). Multiply by the dilution factor (if any) and divide by the initial mass of tea to express the result as mg of

caffeine per gram of tea leaves.

Uncertainty and Error Analysis



Calculate the standard error of the mean (SEM) for each measurement. Consider sources of systematic error such

as:

•  Incomplete extraction.

•  Variations in reagent purity.

•  Instrument drift.

•  Human error in pipetting.

Apply error propagation formulas to estimate the overall uncertainty in caffeine content.

Results & Discussion

After completing the measurements, you will likely observe a clear trend: black tea typically exhibits the highest

caffeine content, followed by oolong and green teas, while white teas contain slightly less. Herbal teas such as

chamomile should show negligible caffeine, validating the method’s specificity.

Compare your findings with literature values. For instance, a standard Assam black tea often contains 40–70 mg of

caffeine per 1 /g of dried leaves. If your results fall within this range, it confirms the reliability of your procedure.

Discuss any deviations. If a particular sample shows unexpectedly low caffeine, consider factors such as leaf

maturity, processing method (fermentation level), or possible degradation during storage.

Safety & Waste Disposal

While the chemicals used are relatively benign, standard laboratory safety protocols should be observed:

•  Wear gloves, goggles, and a lab coat at all times.

•  Handle acetonitrile in a fume hood due to its volatility.

•  Dispose of DNPH and acetonitrile waste according to institutional hazardous waste guidelines.

•  Neutralize acidic waste with a mild base before disposal.

Troubleshooting Guide

•  No color change after complexation: Verify that DNPH solution is fresh and that the reaction time is sufficient. 

Check that the pH is acidic; if not, add more HCl.

•  High background absorbance: Ensure the blank is correctly prepared and that no particulate matter remains 

in the sample. Filter all solutions again if necessary.

•  Non �linear calibration curve: Re �prepare standards, ensuring accurate dilutions. Check instrument linearity by 

measuring a known standard at multiple concentrations.

•  Inconsistent results across replicates: Verify pipetting accuracy. Use calibrated pipettes and practice 

consistent technique.

Conclusion

Designing and executing a chemistry project to determine caffeine in tea samples offers a multifaceted learning

experience. Students gain practical skills in sample preparation, extraction chemistry, complex formation, and

spectrophotometric analysis. They also learn to construct calibration curves, perform statistical error analysis, and

critically evaluate their data against established literature. Beyond the classroom, the insights gained from such

investigations are valuable for quality control in the beverage industry, consumer health education, and ongoing

research into the health effects of caffeine. By following the detailed steps outlined above, anyone can carry out
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