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Disclaimer:  This document provides basic information designed 
to help you manage the initial response phase of a hazmat 
incident.  This is not a substitute for developing preplans for your 
community or for checking reference sources at an incident.  
Remember that there are exceptions to every rule, that various 
factors may change the risks, and that if more than one product is 
involved, it may be difficult to accurately predict the hazards.  
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This card provides a condensed summary of the chemistry 
information taught in many hazmat technician classes 
throughout the country.  It is designed as a study aid to help you 
remember the generalizations you may have learned in class.  It 
can also be used at a hazmat incident to give you some quick 
information prior to checking more specific reference sources.  
However, do not rely solely on this quick reference card.  It is a 
very limited tool.  It must not be used in place of a proper risk 
assessment and hazard analysis.

The hazards identified herein are listed because either (1) they 
are true for the majority of chemicals within the given category or 
(2) they represent the hazards associated with some of the worst 
chemicals within the group.

At one extreme, it can be dangerous to assume that these 
generalizations apply to all chemicals in a given category.  For 
example, most aromatic hydrocarbons are stable.  However, 
styrene (C8H8) contains an unstable double bond between 
carbon atoms outside the resonant structure.  That makes it 
subject to polymerization. 

Conversely, you can easily blow an incident out of proportion 
by failing to recognize that not all products in a given category 
are equally hazardous.  For example, sodium chloride (NaCl) 
is a binary salt, but if you failed to recognize that it is ordinary 
table salt, you might wrongly assume that it was very dangerous.  
There are many other such examples, most of which have 
names you might not recognize.   

Chemicals don’t always fit neatly into specific categories. For 
example, while salts are generally described as containing 
a metal element bonded to a nonmetal element, some salts 
contain no metal at all.  The ammonium ion (NH4) behaves like a 
metal element in the way that it bonds with nonmetal elements.  
Thus a handful of salts, such as ammonium nitrate (NH4NO3), 
contain no metal.

This quick reference card won’t identify the multitude of 
exceptions that exist.  It won’t help you recognize when 
chemicals have multiple names.  Nor does it show how 
hazards or risks can change based on form (solid, liquid, gas), 
concentration, external factors (such as temperature and 
humidity), or the presence of other chemicals.  However, if you 
understand the limitations and use it accordingly, this quick 
reference card can be a valuable tool.  

For More Information

Firebelle Productions offers two other products that cover 
hazmat chemistry in greater depth:  

•	 Hazmat Chemistry Study Guide 
•	 The Hazmat Chemistry Mini Review 

Please visit our web site to get more information and see 
samples of these books.

www.firebelleproductions.com

Important Limitations of This Quick Reference Card
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Matter is often classified as illustrated below.  Although most 
hazardous materials we encounter are mixtures, hazmat 
chemistry classes usually focus on pure substances because it 
is far easier to make generalizations about them.

Elements are divided into metals, nonmetals, and metalloids 
(or semimetals).  Metals generally have a lustrous (shiny) 
appearance and are good conductors of heat and electricity.  
They are malleable (can be hammered into sheets) and ductile 
(can be drawn into wires).  Nonmetals generally are not lustrous, 
are not good conductors, and are neither malleable nor ductile.  
Metalloids tend to have properties of each.  Metalloids are the 
elements immediately surrounding the dividing line between 
metals and nonmetals on the periodic table of elements.  

Compounds are further divided into salts and nonsalts.  Most 
salt compounds are comprised of a metal element bonded 
to one or more nonmetal elements.  Nonsalt compounds are 
comprised solely of nonmetal elements.  

Nonsalt compounds are either organic or inorganic.  Organic 
compounds are derived from living (or once living) organisms.  
Almost all of them contain carbon-hydrogen bonds.  Inorganic 
compounds are not derived from living (or once living) 
organisms and do not contain carbon-hydrogen bonds.  (Most 
known compounds are organic and contain carbon, not because 
carbon is more abundant than other elements, but because 
carbon is so versatile in the way it bonds with other elements.)  

Organic compounds are either hydrocarbons or hydrocarbon 
derivatives.  Hydrocarbons contain only carbon and hydrogen 
atoms.  Most hydrocarbon derivatives contain carbon and 
hydrogen, along with other nonmetal elements.  

The Classification of Matter

A pure substance is a homogenous one—one in which every 
sample of the same substance is identical in composition.  A 
mixture consists of two or more elements or compounds that 
are physically mixed but not chemically bonded.  Consequently, 
mixtures can vary from one sample to another. 

A pure substance can be either a single element or a 
compound (molecule) comprised of two or more elements that 
are chemically bonded.
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Elements on the periodic table are arranged according to their 
atomic structure.  The complete periodic table is printed on 
the back panel of this reference card, where you can view it 
easily anytime.  Here we’ll look at how an element’s position 
on the periodic table provides some basic information about its 
characteristics.  

The elements become heavier as you look lower on the table, 
which is significant with respect to vapor density, specific gravity, 
and related properties.  The representative elements on either 
side of the table are the most important to the study of hazardous 
materials because, in general, they’re more chemically active 
than the transition metals or rare earth elements.

Metals are located on the left side of the dividing line on the 
periodic table; nonmetals, on the right.  (Hydrogen, in the upper 
left-hand corner above the thick dividing line, is also a nonmetal.)

Elements on the Periodic Table

Representative
Elements
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Transition Metals

Transition Metals (Rare Earth Elements)

The Roman numerals above each column in the representative 
elements indicates the number of outer shell electrons for 
each element in that column.  The number of electrons in 
the outermost shell is the characteristic that most influences 
chemical bonding (reactivity).  

Most elements exist as solids in their natural states.  The 
elements that exist as gases are hydrogen, nitrogen, oxygen, 
chlorine, fluorine, and the noble gases (Group VIII).  Periodic 
tables generally identify bromine, cesium, francium, and mercury 
as liquids.  Some elements are borderline and may exist in 
different forms, depending on ambient temperature.
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Elements are grouped vertically in families based on their 
chemical behaviors.  All members of the same family have 
similar chemical characteristics because each has the same 
number of electrons in the outermost shell.  However, each will 
also have its own unique properties.  Four families are significant 
from a hazmat standpoint.  They are identified below, along with 
the common characteristics for the group:

•	 Group I - Alkali Metals
	 (lithium, sodium, potassium, rubidium, cesium, francium)
	 These elements are flammable and highly reactive.  When in 

contact with water, they produce flammable hydrogen gas, a 
strong caustic runoff, and excessive heat.  

•	 Group II - Alkaline Earth Metals
	 (beryllium, magnesium, calcium, strontium, barium, radium)
	 These elements are flammable and water-reactive, although 

less so than the elements in Group I.

•	 Group VII - Halogens
	 (fluorine, chlorine, bromine, iodine, astatine)
	 These elements are highly reactive, toxic, and powerful 

oxidizers.  They are nonflammable.  

•	 Group VIII - Noble (Inert) Gases
	 (helium, neon, argon, krypton, xenon, radon)
	 These gases are inert, nonreactive simple asphyxiants that 

are often stored and transported as cryogenic liquids.

The periodic table on the back panel of this reference card 
shows each element by name, symbol, and atomic number.  
(The atomic weight was rounded to three decimal points where 
the number was less than 100.  Atomic weights over 100 were 
rounded to two decimal points.)

Elements on the Periodic Table (continued)
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Chemical Bonding

The noble gases (Group VIII) have filled outer shells.  Thus they have no reason to react (bond) 
with other elements.  All the other elements have outer shells that aren’t filled to maximum 
capacity, so they must bond with other atoms to create a filled outer shell.  Hydrogen, with only 
one shell, needs one more electron for a total of two.  The rest need eight electrons in their 
outermost shells.  To determine how many electrons any representative element needs, look at 
the Roman numeral above its column on the periodic table.  Subtract that number (the number of 
electrons on the outermost shell) from eight (the maximum capacity the outermost shell can hold).

Ionic bonds are formed by the transfer of electrons from a metal element to a nonmetal 
element.  When the metal element donates electrons to the nonmetal element, it leaves the 
metal element with a net positive charge (protons outnumber electrons).  Conversely, when 
the nonmetal element accepts electrons from the metal element, it ends up with a net negative 
charge (electrons outnumber protons).  A charged atom is called an ion.  

Oppositely charged ions attract each other, forming a strong bond that holds them together.   
The atoms cannot stray far apart because ions (charged atoms) cannot exist by themselves.  
The union of a metal element and one or more nonmetal elements creates a salt compound.  

The Roman numerals above each column of representative elements on the periodic table also 
reflect the electrical charge associated with each element in an ionic bond.  Metal ions will have 
a positive charge equal to the number of electrons the element can donate (e.g., sodium is 1+).  
Nonmetal ions will have a negative charge equal to the number of electrons the element can accept 
(e.g., chlorine is 1-).  Elements bond in ratios that result in a neutral charge (e.g., sodium chloride).

Covalent bonds are formed between two or more nonmetal elements that share electrons.  Their 
outer shells overlap to the point that the electrons seem to belong to each atom at the same time.  
The union creates a nonsalt compound with weaker bonds than those seen in salt compounds.  

When compounds (such as the aromatic hydrocarbons) contain resonant bonds, the electrons 
rotate rapidly between the carbon atoms.  
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Salts

The summary chart on the next page identifies six types of salts, 
their composition, how they’re named, and the common hazards 
associated with the worst salts in each category.  However, the 
following are characteristics common to most salts:

•	 Salts are solid.
•	 Salts are nonflammable.
•	 Most are water-soluble.
•	 Many are water-reactive and produce a flammable gas, a toxic 

gas, a caustic solution, and/or heat when in contact with water.
•	 Salts are electrolytes; they conduct electricity when in a 

molten state or when dissolved in water.
•	 Salts range from being mildly toxic to very toxic.
•	 Some cause severe environmental damage. 

Elements in a salt compound bond in ratios that create a neutral 
electrical charge.  With binary and oxide salts, the electrical 
charges are based on the number of electrons each element can 
donate or accept (as explained on the previous page).  

The other salts contain polyatomic (complex) ions in which 
two or more atoms act as a single unit.  Peroxide, cyanide, and 
hydroxide salts are simple.  The charges for those ions are 
shown below.

•	 Peroxide (O2): 2
-

•	 Cyanide (CN): 1-

•	 Hydroxide (OH): 1-

The normal (most stable) state of an oxyradical is its base state.  
So, for example, although chlorine and oxygen can combine 
to create hypochlorite (ClO), chlorite (ClO2), chlorate (ClO3), or 
perchlorate (ClO4), the chlorate ion (ClO3) is the most stable.  

Most salt compounds are formed through an ionic bond between 
a metal element and one or more nonmetal elements.  Only 
a few salts don’t contain a metal element.  Examples include 
ammonium chloride (NH4Cl) and ammonium nitrate (NH4NO3).  
That’s because the ammonium ion (NH4

1+) behaves like a metal 
element in the way it forms an ionic bond with other nonmetals.  

The polyatomic ions (oxyradicals) in oxysalts vary, as do their 
electrical charges.  The following chart provides examples.
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Summary of Salts
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Hydrocarbons can often be identified by name and formula.  Most 
use specific prefixes to indicate the number of carbon atoms (lower 
right chart) and specific endings to identify the type of hydrocarbon 
(upper left chart).  However, there are exceptions.  For example, 
despite the -ene ending, acetylene (C2H2) is an alkyne.  (Acetylene 
is also known as ethyne.)  The aromatics (upper right chart) use 
different prefixes than do the other hydrocarbons.  There are 
exceptions to some of the formulas too.  For example, the formula 
for styrene (C8H8) does not follow the normal pattern for aromatics.  

All hydrocarbons have common characteristics.  All burn, though 
some are flammable and others are combustible.  All have some 
degree of toxicity.  All are floaters.  Differences between the 
types of hydrocarbons are based primarily on the types of bonds 
between carbon atoms.  Most alkanes (single bonds) and aromatics 
(resonant bonds) are relatively stable.  Alkenes are less stable 
because of their double bonds; they are subject to polymerization.  
Alkynes are highly unstable because of their triple bonds.

Hydrocarbons
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Hydrocarbon derivatives are comprised of a hydrocarbon radical attached to a 
functional group.  A hydrocarbon radical is a hydrocarbon compound in which 
one or more hydrogen atoms have been removed (upper right chart).

Hydrocarbon derivatives can be divided into groups based on the elements 
that comprise them (below).  Part 1 hydrocarbon derivatives contain only 
carbon, hydrogen, and oxygen.  The group is further divided by general 
structure.  The carbonyls all have a double bond between the carbon and 
oxygen within their structures; the others do not.  Part 2 hydrocarbon derivatives 
may contain carbon, hydrogen, or oxygen, but they also contain other elements. 

The next two pages show the general structure and functional group of each 
hydrocarbon derivative.  (The “R” in each structure stands for “hydrocarbon 
radical.”)  The functional group (e.g., OH or CO) remains consistent for each type 
of derivative.  Changing the hydrocarbon radicals (e.g., CH3 or C2H5) changes 
the compound (e.g., methyl alcohol or ethyl alcohol).  While these compounds can have many 
names, the common names often include the words, prefixes, or suffixes shown on the next two 
pages.  The hazards listed are common hazards for some of worst chemicals in each category.

Hydrocarbon Radicals and Hydrocarbon Derivatives
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Summary of Hydrocarbon Derivatives (Part 1)
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Summary of Hydrocarbon Derivatives (Part 2)
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Flash point and ignition temperature are inversely proportional.  
Smaller molecules produce more vapor.  Therefore, flash point 
is lower—it takes less heat to raise the temperature of the liquid 
to the point where it produces sufficient vapor to form an ignitable 
mixture in air.  However, it takes more heat energy to ignite those 
vapors because they contain less hydrogen (fuel) than do the 
vapors produced by a larger molecule.  The flash point and ignition 
temperature are further apart in relation to each other (right). 

Larger molecules, by comparison, produce less vapor.  The 
flash point is higher—it takes more heat to raise the temperature 
of the liquid to the point where it produces sufficient vapor to form 
an ignitable mixture in air.  However, when the ignitable mixture 
is produced, the vapors are closer to their ignition temperature.  
It takes less heat energy to cause ignition.  The flash point and 
ignition temperature are closer together in relation to each other.  
Because these larger molecules contain more hydrogen (fuel), 
they will also generate more heat than smaller molecules do.   

The Effect of Molecular Size on “Like” Compounds

Molecular size has a 
direct effect on physical 
and chemical properties 
when comparing “like” 
compounds.  Many of these 
properties are directly or 
indirectly proportional to one 
another (left). 
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The following are some clues about chemicals and their hazards 
based on observable behaviors.  However, these are broad 
generalizations only and should not be used as a substitute for 
proper field identification or reference checking.

Water Behavior

Liquids that float on water are hydrocarbons.  Expect floaters 
to be flammable or combustible, with low to moderate toxicity.  
Using water for fire control or vapor suppression will usually 
spread floaters.  If possible, use foam instead (e.g., AFFF).  
Consider letting hydrocarbon fires burn.

The most common liquids that sink in water are alkyl halides 
(halogenated hydrocarbons).  Other possibilities include some 
of the newer solvents as well as organic materials containing 
phosphorus or sulfur.  Expect sinkers to have moderate to high 
toxicity.   

Fire Behavior

Black sooty smoke indicates incomplete combustion.  Expect 
these products to have moderate to high toxicity.  Any unusual 
flame or smoke colors (e.g., reddish brown smoke associated 
with nitrous oxides or bromine) should also be considered a sign 
of toxicity.  

If a fire intensifies when you apply water, consider the product to 
be water-reactive.

Evaporation Rate (Volatility) / Vapor Pressure

Evaporation rate (volatility) is an indication of vapor pressure.  
The faster something evaporates, the higher its vapor pressure.  
In general, products with high vapor pressures are more 
hazardous than those with low vapor pressures because they 
produce more vapor and because that vapor will travel further 
from the source.  

The normal frame of reference for evaporation rate is water.  
Water has a relatively low vapor pressure of 17.5 mmHg at 68˚F 
(20˚C).  (Vapor pressure is temperature-dependent.  The higher 
the temperature, the higher the vapor pressure.)  If the vapor 
pressure of a product is equal to or greater than 760 mmHg at 
sea level, the product is a gas in its normal state.  The closer the 
vapor pressure of a liquid is to 760 mmHg, the more vapors that 
liquid produces.  (Note: 760 mmHg = 1 atm = 14.7 psi)

Since vapor pressure is closely related to other chemical and 
physical properties (see page 13), you can begin to predict other 
hazards based on the rate at which the product evaporates.  

Viscosity

In general, the more viscous a liquid is, the lower the vapor 
pressure and the more difficult it will be to decon contaminated 
people or equipment.  The less viscous the liquid, the higher the 
vapor pressure and the further the contaminant can spread.

Behavioral Clues
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Contaminant Concentration

Vapor density is the relative weight of 
a vapor or a gas compared with a like 
volume of air.  (The molecular weight of 
air is 29.)  All vapors and most gases 
are heavier than air.  Only a handful of 
gases are lighter than air, and many of 
those are so close to the density of air 
that the difference is negligible to the 
emergency responder.

Contaminant concentration is often cited 
in percent by volume in air (%) or in parts 
per million (ppm) or parts per billion (ppb).  
A concentration of 1% is equal to 10,000 
parts per million (ppm) or 10,000,000 parts 
per billion (ppb).  

The middle chart on this page shows 
the relation between contaminant 
concentration and oxygen concentration.  
At the point where OSHA defines an 
atmosphere as being oxygen-deficient 
(19.5%), there can be 70,000 ppm of a 
contaminant.  Many substances are deadly 
at far lower concentrations.

The third chart shows common toxic 
fire gases.  Carbon monoxide (CO) and 
carbon dioxide (CO2) 
are usually produced 
in large quantities at 
most fires.  (Carbon 
dioxide is not toxic, 
but it will displace 
oxygen in a confined 
area.)  Other products 
of combustion vary, 
depending on the fuel.  
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