
combustion analysis cheat sheet

Combustion analysis cheat sheet is an invaluable tool for chemists, engineers, and students seeking to
understand and master this fundamental analytical technique. This comprehensive guide aims to provide a
clear, concise, and readily accessible resource for anyone involved in determining the elemental
composition of organic compounds. We will delve into the core principles, the practical setup of combustion
analysis apparatus, the step-by-step process, crucial calculations, potential sources of error, and advanced
applications. Whether you are a novice encountering combustion analysis for the first time or an
experienced professional looking for a quick reference, this cheat sheet will equip you with the knowledge
to accurately and efficiently analyze your samples.
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Understanding the Fundamentals of Combustion Analysis

Combustion analysis is a classic quantitative chemical analysis technique used to determine the elemental
composition of organic compounds, primarily focusing on carbon, hydrogen, and nitrogen. The fundamental
principle behind this method involves the complete combustion of a precisely weighed organic sample in
an excess of pure oxygen. During this controlled burning process, all the carbon present in the sample is
converted into carbon dioxide (CO2), all the hydrogen is converted into water (H2O), and all the nitrogen is
converted into nitrogen gas (N2).



The beauty of combustion analysis lies in its ability to quantify these elements based on the mass of the
gaseous products formed. The evolved gases are then selectively absorbed by specific chemical absorbents.
Carbon dioxide is typically trapped by a solid absorbent like sodium hydroxide (NaOH) or lithium
hydroxide (LiOH), while water is captured by a desiccant such as anhydrous magnesium perchlorate
(Mg(ClO4)2) or phosphorus pentoxide (P4O10). Nitrogen gas, being inert, is collected and measured directly
by volume or by displacing water.

The masses of the absorbed CO2 and H2O, and the measured volume of N2, are directly proportional to the
mass of carbon, hydrogen, and nitrogen, respectively, in the original organic sample. By knowing the
molar masses of these elements and their respective gaseous compounds, one can then calculate the
percentage by mass of carbon, hydrogen, and nitrogen in the unknown substance. This information is
critically important in identifying unknown organic compounds, confirming the empirical formula of
synthesized molecules, and verifying the purity of organic substances.

The Principle of Complete Oxidation

The success of combustion analysis hinges on achieving complete oxidation of the organic sample. This
means that every atom of carbon in the sample must be converted to CO2, every atom of hydrogen to H2O,
and every atom of nitrogen to N2. This is ensured by carrying out the combustion in a sealed system with
a generous supply of pure oxygen and at high temperatures, typically within a furnace. The presence of a
catalyst, such as copper oxide (CuO), is often employed to facilitate complete oxidation and to convert any
intermediate oxidation products back into their fully oxidized forms.

Selective Absorption of Gaseous Products

Following combustion, the mixture of gases produced (CO2, H2O, N2, and any unreacted O2) is passed
through a series of absorption tubes. These tubes contain specific reagents designed to selectively absorb
particular gases. The typical order of absorption is crucial: first, the water vapor is absorbed by a desiccant,
followed by the absorption of carbon dioxide by a strong base. This arrangement prevents the water
absorbent from absorbing CO2 and vice versa. The nitrogen gas, being unreactive with the absorbents,
passes through and is collected.

Mass Measurement and Elemental Determination

The increase in mass of each absorption tube after the combustion process directly corresponds to the mass of
the absorbed gas. By accurately weighing the absorption tubes before and after the sample combustion, the
mass of water and carbon dioxide produced can be determined. The mass of nitrogen is determined by the



volume of gas collected and its known density. From these masses, and using stoichiometric conversions,
the percentage of each element in the original sample can be calculated.

The Combustion Analysis Apparatus: Key Components and Setup

A typical combustion analysis apparatus is a sophisticated setup designed for precise elemental
determination. It consists of several interconnected components, each playing a vital role in the accurate
execution of the analytical procedure. Understanding the function of each part is essential for proper
operation and troubleshooting. The core of the apparatus involves a high-temperature furnace, a sample
boat, oxygen supply, absorption tubes, and a collection system for inert gases.

The furnace is crucial for achieving complete combustion. It must be capable of reaching temperatures high
enough to ensure the rapid and thorough oxidation of a wide range of organic compounds. Modern
combustion analyzers often feature programmable furnaces with precise temperature control. The sample
itself is typically placed in a small, inert boat made of a material like quartz or porcelain, which can
withstand the high temperatures.

A controlled flow of pure oxygen is directed over the sample within the furnace. This oxygen supply must
be free from contaminants that could interfere with the analysis. After combustion, the gaseous products are
meticulously directed through a series of absorption tubes. These tubes are packed with specific chemicals
that selectively adsorb water and carbon dioxide. The order in which these tubes are arranged is critical for
accurate separation and measurement.

High-Temperature Furnace

The furnace is the heart of the combustion analysis setup. It must be able to generate and maintain high
temperatures, typically in the range of 900-1500°C, to ensure complete combustion of the organic sample.
The uniform heating across the combustion zone is also paramount. Many modern instruments utilize
electric furnaces with precise temperature controllers, and some may incorporate catalysts like copper oxide
within the furnace to promote complete oxidation.

Sample Introduction and Combustion Zone

The organic sample, accurately weighed to the milligram level, is typically placed in a small, inert sample
boat. This boat is then introduced into the heated combustion zone of the furnace. The design of the
combustion zone and the method of sample introduction are critical to prevent premature loss of volatile



components or incomplete combustion. Some systems may use a plunger or mechanism to introduce the
sample boat directly into the hottest part of the furnace.

Oxygen Supply and Purification

A continuous and controlled supply of pure oxygen is essential for complete combustion. The oxygen
source is usually a cylinder, and the gas flow is regulated and purified to remove any potential
contaminants like moisture or carbon dioxide that could affect the accuracy of the analysis. This often
involves passing the oxygen through drying tubes and CO2 scrubbers.

Absorption Tubes and Traps

Water Absorbent: This tube contains a highly efficient desiccant, such as anhydrous magnesium
perchlorate (Anhydrone) or phosphorus pentoxide (P4O10), to quantitatively absorb the water
produced from the combustion of hydrogen.

Carbon Dioxide Absorbent: This tube is packed with a strong alkali, typically sodium hydroxide
(NaOH) or lithium hydroxide (LiOH) impregnated on a support material like asbestos or firebrick, to
absorb the carbon dioxide produced from the combustion of carbon.

Nitrogen Collection: If nitrogen is to be measured directly by volume, a separate system, often a gas
burette or a thermal conductivity detector, is used to collect and quantify the nitrogen gas after it
passes through the absorption tubes.

Gas Flow and Measurement Systems

After combustion, the mixture of gases is swept by a stream of helium or another inert carrier gas through
the absorption tubes. The flow rate and total volume of the carrier gas are carefully controlled. For nitrogen
determination, the gas stream is typically passed through a thermal conductivity detector (TCD) that can
quantify the amount of N2 based on its difference in thermal conductivity compared to the carrier gas.
Older methods might involve collecting the N2 gas in a calibrated gas burette.



Step-by-Step Combustion Analysis Procedure

Performing combustion analysis accurately requires meticulous attention to detail at each stage of the
procedure. From sample preparation to the final calculation, each step is designed to minimize errors and
ensure reliable results. The process begins with the precise weighing of the sample and the absorption
tubes, followed by the combustion itself, and culminates in the measurement of the absorbed products.

Before commencing the combustion, all apparatus components, especially the absorption tubes, must be
thoroughly dried and their initial masses accurately recorded. The sample is then weighed using an
analytical balance, ensuring minimal exposure to atmospheric moisture. The sample is carefully placed into
the sample boat and introduced into the preheated furnace. The combustion is initiated, and the flow of
oxygen is maintained at a controlled rate. As the combustion progresses, the evolved gases are swept
through the absorption system.

Once the combustion is complete and all gaseous products have passed through the absorption tubes, the
apparatus is purged with the carrier gas to ensure complete transfer. The absorption tubes are then
carefully detached and weighed again. The difference between the final and initial weights of each tube
provides the mass of water and carbon dioxide absorbed. For nitrogen, the volume of gas collected is
measured.

Sample Preparation and Weighing

The organic sample must be representative and accurately weighed. Typically, a few milligrams of the
sample are placed in a clean, pre-weighed sample boat. The weighing must be performed using an
analytical balance with high precision, often to four or five decimal places, and with minimal exposure to
humidity to prevent the absorption of atmospheric moisture.

Apparatus Assembly and Conditioning

The combustion apparatus is assembled with freshly packed and pre-weighed absorption tubes. The entire
system is usually flushed with an inert carrier gas (like helium) to remove any residual air and moisture.
The furnace is heated to the required combustion temperature, and a steady flow of purified oxygen is
established. The absorption tubes are conditioned at their operating temperature to ensure accurate water
and CO2 absorption.



Sample Combustion

The weighed sample in its boat is carefully introduced into the heated combustion zone of the furnace. The
oxygen flow is maintained at a controlled rate, ensuring complete combustion. The reaction is often
visually monitored, and the progress is indicated by the disappearance of the sample and the steady
evolution of gases. Catalysts like copper oxide may be present in the furnace to ensure complete oxidation.

Gas Trapping and Elution

Following the completion of combustion, the gaseous products are swept by the carrier gas through the
absorption tubes. The water vapor is trapped by the desiccant in the first tube, and the carbon dioxide is
absorbed by the alkaline absorbent in the second tube. Any remaining oxygen and the inert carrier gas pass
through to the nitrogen collection system or vent. It is crucial that the carrier gas flow is maintained until
all products have been swept through the system.

Post-Combustion Weighing

After the combustion and gas sweeping are complete, the absorption tubes are carefully disconnected. They
are typically allowed to cool to room temperature in a desiccator to prevent re-absorption of atmospheric
moisture before being weighed again. The increase in mass of the water absorption tube gives the mass of
H2O, and the increase in mass of the CO2 absorption tube gives the mass of CO2. If nitrogen is measured
volumetrically, the volume of collected N2 gas is recorded.

Mastering Combustion Analysis Calculations: A Practical Guide

The data obtained from combustion analysis are transformed into elemental percentages through a series of
stoichiometric calculations. These calculations are straightforward but require careful attention to molar
masses and conversion factors. The core idea is to relate the mass of the combustion products (CO2 and H2O)
back to the mass of carbon and hydrogen present in the original sample, and similarly for nitrogen.

For carbon, the mass of CO2 obtained is used to calculate the mass of carbon within it. Since each molecule
of CO2 contains one atom of carbon, the mass of carbon is determined by the ratio of the atomic mass of
carbon to the molecular mass of carbon dioxide. Similarly, for hydrogen, the mass of H2O is used to calculate
the mass of hydrogen, recognizing that each molecule of H2O contains two hydrogen atoms. The ratio of
twice the atomic mass of hydrogen to the molecular mass of water is applied.



The percentage by mass of each element in the original sample is then calculated by dividing the calculated
mass of that element by the initial mass of the sample and multiplying by 100. These calculations are
fundamental for determining empirical formulas and verifying the composition of organic compounds.

Calculating Mass of Carbon from CO2

The mass of carbon (mC) in the sample is calculated from the mass of carbon dioxide (mCO2) collected using
the following formula:

mC = mCO2 (Atomic Mass of C / Molecular Mass of CO2)

Where:

Atomic Mass of C ≈ 12.011 g/mol

Molecular Mass of CO2 ≈ 12.011 + 2 16.000 = 44.011 g/mol

Calculating Mass of Hydrogen from H2O

The mass of hydrogen (mH) in the sample is calculated from the mass of water (mH2O) collected using:

mH = mH2O (2 Atomic Mass of H / Molecular Mass of H2O)

Where:

Atomic Mass of H ≈ 1.008 g/mol

Molecular Mass of H2O ≈ 2 1.008 + 16.000 = 18.015 g/mol

Calculating Percentage Composition

The percentage by mass of each element in the original sample (w_element) is calculated using:

w_element = (mass of element / mass of sample) 100%

For example, the percentage of carbon (%C) is:

%C = (mC / mass of sample) 100%



Calculating Mass of Nitrogen from N2 (if applicable)

If nitrogen is collected volumetrically, its mass (mN) can be calculated from the volume of N2 gas (VN2) at
standard temperature and pressure (STP) or under the specific conditions of measurement, using the molar
mass of nitrogen:

mN = VN2 (Moles of N2 / Volume at STP) (2 Atomic Mass of N)

Where:

Atomic Mass of N ≈ 14.007 g/mol

Moles of N2 = 28.014 g/mol

Volume at STP (0°C and 1 atm) = 22.414 L/mol

If using a thermal conductivity detector (TCD), the instrument typically provides a direct readout
proportional to the amount of nitrogen.

Common Sources of Error and Troubleshooting in Combustion
Analysis

Despite its reliability, combustion analysis is susceptible to various sources of error that can impact the
accuracy of the results. Identifying and mitigating these potential pitfalls is crucial for obtaining valid
elemental compositions. Common issues often arise from incomplete combustion, inaccuracies in weighing,
contamination of the apparatus, or inefficiencies in gas absorption.

One significant source of error can be incomplete combustion, where not all the carbon is converted to CO2
or hydrogen to H2O. This might occur if the furnace temperature is too low, the oxygen supply is
insufficient, or the sample is not uniformly distributed. Inaccurate weighing is another critical factor; even
minor deviations in sample mass or absorption tube weights can lead to significant percentage errors.
Contamination of the absorption tubes with atmospheric moisture or CO2 before or after combustion will
also skew the results.

Troubleshooting often involves ensuring the apparatus is properly assembled and sealed to prevent leaks.
The purity of the oxygen supply and the carrier gas is paramount. Regular calibration of the analytical
balance and periodic maintenance of the furnace are also important. If low results for carbon or hydrogen
are consistently observed, re-evaluating the combustion temperature and oxygen flow rate might be
necessary.



Incomplete Combustion

This occurs when the sample is not fully oxidized, leading to low results for carbon and hydrogen. Causes
include insufficient oxygen supply, inadequate furnace temperature, or poor sample distribution.
Troubleshooting involves increasing the furnace temperature, ensuring a robust oxygen flow, and using a
catalyst like copper(II) oxide (CuO) if necessary.

Inaccurate Weighing

Errors in the initial weighing of the sample or the final weighing of the absorption tubes are critical. This
can be due to an uncalibrated balance, static electricity, or the sample/tubes absorbing atmospheric moisture
or CO2. Solutions include using an analytical balance in a controlled environment, ensuring tubes are cooled
in a desiccator before weighing, and handling samples with care.

Contamination of Absorption Tubes

If absorption tubes are not properly dried or are exposed to atmospheric moisture or CO2 before or after
combustion, erroneous mass increases will be recorded. This can also happen if the system is not completely
purged with carrier gas, leaving residual moisture or CO2 from previous runs. Thorough drying, careful
handling, and proper purging are essential.

Leaky Apparatus

Any leaks in the system can lead to the loss of gaseous products or the ingress of atmospheric contaminants,
affecting the accuracy of measurements. Regular checks for leaks, ensuring proper sealing of connections,
and using inert greases if necessary can prevent this.

Inefficient Gas Absorption

If the absorbent materials in the tubes are not fresh, have been exposed to air, or are not packed properly,
their absorption capacity may be reduced. This can lead to incomplete trapping of CO2 or H2O. It is
important to use fresh absorbents and ensure the tubes are packed correctly and the flow rate is appropriate
for efficient absorption.



Advanced Applications and Variations of Combustion Analysis

While the fundamental principles remain constant, combustion analysis has evolved to incorporate
advanced techniques and adaptations for analyzing a wider range of elements and sample types. Modern
elemental analyzers often combine combustion with other detection methods for enhanced sensitivity and
specificity. Beyond the standard determination of C, H, and N, variations of combustion analysis are
employed for sulfur, halogens, and even oxygen and nitrogen in specific matrices.

For instance, the determination of sulfur typically involves oxidizing the sample in the presence of
oxygen, converting sulfur to sulfur dioxide (SO2). This SO2 can then be detected using various methods,
such as titration or UV fluorescence. Halogens (chlorine, bromine, iodine) can be converted to hydrogen
halides (HX) during combustion, which are then trapped and analyzed. For oxygen determination, a
reductive pyrolysis method is often used instead of oxidative combustion.

Furthermore, modern elemental analyzers are often automated, allowing for higher throughput and
greater precision. They may integrate sample feeders, auto-samplers, and sophisticated data processing
software. These advanced instruments are indispensable in fields ranging from pharmaceutical
development and environmental monitoring to materials science and food analysis, providing crucial data
for product quality control and research.

Determination of Sulfur and Halogens

Combustion analysis can be adapted to determine other elements. Sulfur is converted to SO2, which can be
detected by coulometry or UV fluorescence. Halogens are converted to hydrogen halides, which are then
determined by titration or ion chromatography after absorption.

Oxygen and Nitrogen Determination in Specific Matrices

While nitrogen is a primary product of oxidative combustion, its determination in certain matrices might
require specific conditions. Oxygen determination typically employs reductive methods (e.g., reductive
pyrolysis) where oxygen is converted to carbon monoxide (CO) and detected by infrared spectroscopy.
Trace analysis of these elements often uses highly sensitive detection systems.

Automated Elemental Analyzers

Modern laboratories utilize automated elemental analyzers that integrate sample handling, combustion,



detection, and data analysis. These systems offer improved accuracy, reproducibility, and significantly
higher sample throughput, making them essential for routine analysis in various industries.

Coupling with Other Analytical Techniques

Combustion analysis can be coupled with techniques like gas chromatography (GC) or mass spectrometry
(MS). GC-combustion analysis allows for the separation of individual components in a mixture before
elemental analysis, providing information about the elemental composition of specific compounds within
the mixture.

Benefits and Limitations of Combustion Analysis

Combustion analysis offers several significant advantages as a method for determining elemental
composition. Its primary strengths lie in its accuracy, reliability, and the ability to provide elemental
percentages directly from a small sample size. It is a well-established technique with a long history of
validation, making it a gold standard for many applications, particularly in organic chemistry for
determining empirical formulas.

However, like any analytical technique, combustion analysis also has limitations. It is destructive, meaning
the sample is consumed during the analysis. The method is also most effective for compounds that are stable
at high temperatures and can be fully combusted. Analyzing very volatile or thermally unstable
compounds can be challenging. Furthermore, the initial setup and maintenance of a combustion analysis
apparatus can be costly and require specialized expertise.

Despite these limitations, the fundamental principles and the precision offered by combustion analysis
continue to make it a vital technique in analytical laboratories worldwide. Its ability to provide
unambiguous elemental composition data remains unparalleled for many types of organic samples.

Advantages of Combustion Analysis

High Accuracy and Precision: When performed correctly, combustion analysis yields highly accurate
and reproducible elemental composition data.

Small Sample Size: Only a few milligrams of sample are typically required for analysis, which is
beneficial when dealing with rare or valuable substances.



Direct Elemental Determination: It directly provides the percentage by mass of key elements
without the need for extensive sample preparation or calibration curves for each element.

Versatility for Organic Compounds: It is a fundamental technique for determining the empirical
formula of new organic compounds and verifying the purity of synthesized materials.

Limitations of Combustion Analysis

Destructive Technique: The sample is completely consumed during the analysis, making it
unsuitable for samples that need to be preserved or re-analyzed.

Thermal Stability of Samples: Samples that are volatile, decompose at high temperatures, or form
non-combustible residues can be difficult to analyze accurately.

Specialized Equipment and Expertise: The apparatus is complex, requiring careful operation and
maintenance, and specialized training for the analyst.

Limited to Specific Elements: The basic method primarily focuses on carbon, hydrogen, and nitrogen,
although variations exist for other elements.

Interferences: Certain elements or impurities within the sample can interfere with the combustion
or detection process, requiring careful sample pretreatment.

Frequently Asked Questions

What is the primary purpose of a combustion analysis cheat sheet?
A combustion analysis cheat sheet is designed to provide quick reference for key concepts, formulas, and
typical values encountered during the process of analyzing combustion reactions, particularly in industries
like HVAC and power generation.

What are the essential components typically found on a combustion
analysis cheat sheet?
Common inclusions are definitions of key terms (CO, O2, NOx, efficiency), formulas for calculating draft,



excess air, and efficiency, typical safe operating ranges for flue gas readings, and common troubleshooting
tips.

What is the significance of measuring Carbon Monoxide (CO) in
combustion analysis?
CO is a product of incomplete combustion. High CO levels in flue gas indicate inefficient burning, potential
safety hazards (poisoning), and the need for adjustments to fuel-air mixture or burner settings.

How does oxygen (O2) measurement relate to combustion efficiency?
Optimal O2 levels indicate sufficient air for complete combustion. Too little O2 means incomplete
combustion and wasted fuel, while too much O2 means excess air is being heated and vented, reducing
efficiency.

What does a high Nitrogen Oxides (NOx) reading suggest?
High NOx levels typically indicate that combustion temperatures are too high, which can lead to increased
emissions and potential operational issues. Strategies like staged combustion or flue gas recirculation might
be employed.

What is 'draft' in the context of combustion analysis, and why is it
important?
Draft refers to the pressure difference that causes flue gases to move up and out of a chimney. Proper draft
ensures that combustion gases are safely exhausted and that adequate airflow is maintained for efficient
burning. Too much or too little draft can cause problems.

How is combustion efficiency calculated, and what are common
benchmarks?
Efficiency is often calculated based on flue gas analysis (CO2, O2, temperature) and fuel input. While
benchmarks vary by fuel and appliance type, a well-tuned system typically aims for efficiencies above
80-85%.

What are common troubleshooting tips found on a combustion analysis
cheat sheet?
Troubleshooting tips often address issues like: high CO (check air/fuel ratio, burner cleanliness), low
efficiency (excess air, heat exchanger issues), poor draft (blockages, fan problems), and high NOx
(temperature control).



Additional Resources
Here are 9 book titles related to combustion analysis cheat sheets, with descriptions:

1. Ignition and Flame Phenomena: A Practical Guide
This book serves as a comprehensive resource for understanding the fundamental principles of ignition and
flame propagation. It delves into the critical parameters influencing combustion, offering practical insights
that could be condensed into a useful cheat sheet for quick reference. Readers will find detailed
explanations of factors like fuel-air ratios, activation energies, and flame speeds, crucial for efficient
combustion analysis.

2. Thermodynamics of Combustion: Essential Formulas and Concepts
Focusing on the thermodynamic principles governing combustion processes, this title provides the core
equations and relationships needed for analysis. It covers topics such as enthalpy, entropy, and Gibbs free
energy in the context of chemical reactions. The book aims to equip readers with the foundational
knowledge that underpins effective combustion calculations, making it ideal for developing a concise
analytical tool.

3. Fuel Chemistry and Combustion Behavior: An Applied Handbook
This handbook explores the chemical properties of various fuels and how these characteristics influence
their combustion behavior. It details the mechanisms of fuel breakdown and the resulting combustion
products. The book's practical approach and detailed data on different fuel types make it a valuable
reference for anyone needing to quickly assess combustion performance.

4. Emissions Control and Combustion Efficiency: A Technical Primer
This primer offers a focused look at optimizing combustion processes for both efficiency and emission
reduction. It outlines common pollutants generated during combustion and strategies for their mitigation.
The clear explanations of relationships between operating parameters and emissions would be highly
beneficial for creating a cheat sheet on emissions control.

5. Lean Burn Combustion: Theory and Practice
Exploring the principles of lean burn combustion, this book examines how to achieve efficient and cleaner
burning by using excess air. It discusses the challenges and advantages of lean mixtures, including ignition
delay and flame stability. The practical advice and theoretical underpinnings make it a prime candidate for
extracting key information for a specialized cheat sheet.

6. Combustion Diagnostics and Measurement Techniques: A User's Manual
This manual provides an overview of the various tools and techniques used to analyze and measure
combustion processes in real-time. It covers methods like spectroscopy, laser diagnostics, and probe
sampling. Understanding these diagnostic tools is essential for effective combustion analysis, and the book
offers a structured way to learn about them for quick referencing.

7. Kinetic Modeling of Combustion: Simulating Reaction Pathways



Delving into the kinetics of combustion reactions, this book explains how to model the rates and pathways
of chemical transformations during burning. It introduces the complex network of reactions that occur,
from initiation to termination. The ability to understand and predict reaction kinetics is vital for accurate
combustion analysis, and this book helps demystify these complex simulations.

8. Experimental Methods in Combustion Research: A Laboratory Handbook
This handbook details the methodologies and experimental setups commonly employed in combustion
research. It provides practical guidance on designing and conducting experiments to study flame behavior,
heat transfer, and reaction kinetics. The emphasis on practical execution makes it easy to extract key
experimental procedures and expected outcomes for a cheat sheet.

9. Advanced Combustion Technologies: Innovations and Applications
This book explores cutting-edge advancements and novel applications in combustion technology, such as
those found in modern engines and power generation systems. It discusses innovative approaches to
improving efficiency and reducing environmental impact. The focus on current technologies and their
operational parameters makes it a great source for up-to-date information that would be useful on a cheat
sheet.
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