
The Hazmat 
Chemistry
Mini Review

Jill Meryl Levy
Firebelle Productions

PA
RTI

AL
 

SA
MPL

E



�

Table of Contents

Chapter	 Topic	 Page
1	 Terms and Definitions	 7
2	 Elements and Compounds	 35
3	 Chemical Bonding	 57
4	 Salts	 71
5	 Hydrocarbons	 91
6	 Hydrocarbon Derivatives	111
7	 Fire Chemistry and Chemical Reactions	1 49
8	 Toxicity and Risk	1 63
—	 Acronyms and Abbreviations	1 83
—	 Index	1 85
—	 About the Author	1 87
—	 Other Books by Jill Meryl Levy	1 88PA

RTI
AL

 

SA
MPL

E



Terms and Definitions  •  �

Chapter 1

Terms and
Definitions
This chapter covers a handful 
of terms that will be used 
throughout the book.  Other 
terms will be introduced 
in subsequent chapters as 
appropriate.PA
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�  •  Terms and Definitions 

Vapor pressure is the force exerted by the vapors of a 
product against the atmosphere or the sides of a container.  
It is a significant factor in determining whether vapors can 
“get to us.”

The higher the vapor pressure, the more volatile a material 
is and the more readily it will evaporate.  A material is 
considered volatile if it evaporates quickly.  PA
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Terms and Definitions  •  11

Vapor pressure is temperature-dependent.  The higher 
the temperature, the higher the vapor pressure.  
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12  •  Terms and Definitions 

Vapor density is the relative weight of a vapor or a gas 
compared with a like volume of air.  All vapors and most 
gases are heavier than air.  
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Terms and Definitions  •  17

Flash point is the minimum temperature at which a liquid 
produces enough vapor to form an ignitable mixture in air.  
(Fire point—where vapors will support combustion—is only 
a few degrees higher.)  Flash point is generally considered 
the most important property in assessing flammable liquids.  
The lower the flash point, the greater the hazard.  
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18  •  Terms and Definitions 

Ignition (autoignition) temperature is the minimum 
temperature required to cause self-sustained combustion, 
independent of an ignition source.  

Put more simply, it’s the 
minimum temperature 
to which a material must 
be exposed before it will 
ignite.  

The lower the ignition 
temperature, the 
greater the risk of 
ignition.PA
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Terms and Definitions  •  21

Flammable (explosive) range is the percentage of vapor in 
air within which ignition is possible.  

Below the lower explosive limit (LEL), the vapors are too 
lean to burn.  Above the upper explosive limit (UEL), the 
vapors are too rich to burn.  

The wider the flammable 
range, the greater the span at 
which ignition is possible and 
the greater the risk.
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22  •  Terms and Definitions 

Only atmospheres well below the LEL are safe to enter.  
OSHA prohibits working in confined space atmospheres 
with more than 10% of the LEL.  The EPA’s recommended 
limit for other environments is 25% of the LEL.
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Elements and Compounds  •  35

Chapter 2

Elements and 
Compounds
To best understand 
hazardous materials, we 
must first understand the 
basic building blocks that 
comprise them.PA
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36  •  Elements and Compounds 

Matter can be organized 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.  PA
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38  •  Elements and Compounds 

A pure substance can be either a single element or a 
compound (molecule) comprised of two or more elements 
chemically bonded.  Elements are represented by a single 
capital letter or by a capital letter followed by a lowercase 
letter.  Compounds are represented by formulas showing 
multiple elements.
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44  •  Elements and Compounds 

The periodic table of elements displays elements 
according to their atomic structure.  They’re divided into 
metals and nonmetals (as illustrated on page 40).  The 
vertical columns reflect the number of outer shell electrons 
(explained later), whereas the horizontal rows reflect weight 
and size.  Elements become heavier and larger as you look 
lower on the table, which is significant with respect to vapor 
density, specific gravity, and other related properties.  

The periodic table on the next page shows each element by 
name, symbol, atomic number, and atomic weight.  
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Chemical Bonding  •  57

Chapter 3

Chemical
Bonding
Understanding chemical 
bonding helps us 
understand chemical 
reactivity.  PA
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Chemical Bonding  •  59

Ionic bonds are formed from the transfer of electrons 
from a metal element to a nonmetal element. The result is a 
salt compound.  Salts are covered in Chapter 4.

Metal elements donate electrons from their outermost 
shells, essentially shedding the outer shell and exposing 
a filled shell beneath it.  Nonmetal elements accept the 
donated electrons, also ending up with filled outer shells.  PA
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60  •  Chemical Bonding 

Covalent bonds are formed between two or more nonmetal 
elements that share electrons.  Their outermost shells 
overlap so that electrons seem to belong to each atom at the 
same time.  The result is a nonsalt compound. 

The nonsalt 
compound pictured 
on this page is 
the hydrocarbon 
known as methane.  
Hydrocarbons are 
covered in Chapter 5.PA
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64  •  Chemical Bonding 

Let’s now look at the relation between outer shell electrons, 
chemical bonding, and the behavior of the four families 
highlighted on the periodic table below.  The number of 
outer shell electrons is indicated by the Roman numeral 
group numbers at the top of each column.  Because 
the number of electrons in the outermost shell is the 
characteristic that 
most influences 
chemical bonding 
(chemical reactivity), 
each element in 
the same family 
will behave 
similarly.PA
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Chemical Bonding  •  65

Group I - Alkali metals are highly reactive.  
Elements with just one electron on the 
outer shell are so close to the ideal (stable) 
condition of having a filled outer shell that 
they’ll react vigorously to donate that one 
outer shell electron.  

When in contact with water, alkali metals 
produce flammable hydrogen gas, a strong 
caustic runoff, and excessive heat.  These 
elements are also flammable.  Sodium 
and potassium, the most common alkali 
metals, will ignite spontaneously if exposed 
to moist air.  Sodium will even ignite on 
contact with dry air.PA
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Chemical Bonding  •  67

Group VII - Halogens are also one electron 
away from having a filled outer shell, so 
they’re highly reactive too.  They’ll readily 
grab one more electron from a metal 
element to form an ionic bond or share 
electrons with a nonmetal element to form 
a covalent bond.  

Halogens are nonflammable, but they 
are powerful oxidizers that will support 
combustion.  Chlorine and fluorine, in 
particular, are such powerful oxidizers—
more powerful than oxygen itself—that fires 
can burn intensely in their presence even 
when no oxygen is present.  PA
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Chemical Bonding  •  69

Dash style illustrations are used in this book to represent 
the structural formulas of compounds.  

Chemical formulas can take 
many forms.  Ethyl alcohol (right) 
is most commonly written as 
C2H5OH.  Its condensed structural 
formula (CH3CH2OH) identifies 
more precisely how the atoms are 
arranged, whereas the molecular 
formula (C2H6O) identifies only 
how many atoms of each element are present.  Molecular 
formulas don’t help distinguish between multiple 
compounds with the same ratio of elements, for example, 
ethyl alcohol (C2H5OH) and dimethyl ether (CH3OCH3).  

OC
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H
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H
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70  •  Chemical Bonding 

Some products can have the same molecular formula but 
different molecular structures.  These products are known 
as isomers of each other.  

Despite having the same formulas, isomers can have 
measurably different characteristics and hazards. 

CC
H

H

H

H
H
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Salts  •  71

Chapter 4

Salts
In the world of hazmat 
chemistry, a “salt” 
isn’t limited to the 
familiar sodium chloride 
condiment.  Many salts 
are very dangerous.PA
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72  •  Salts 

Most salt compounds are formed through an ionic bond 
between a metal element and one or more nonmetal 
elements, just like the familiar table salt (sodium chloride).
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Salts  •  73

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) behaves 
like a metal element in the way it forms an ionic bond with 
other nonmetals.  This will become clearer later in the 
chapter. PA
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74  •  Salts 

Characteristics common to most salts:
•	 Salts are solid.
•	 Salts are nonflammable.
•	 Most are water-soluble.
•	 Many are water-reactive and will 

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 generally range from being mildly 
toxic to very toxic.

•	 Some cause severe environmental 
damage.PA
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Salts  •  75

We’ll focus on six types of salts, the first five of which are 
easily recognized by names ending in -ide.  Some are more 
specific (cyanide, oxide, hydroxide, or peroxide).
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Salts  •  89

Most polyatomic ions have negative charges.  However, 
the ammonium ion (NH4

+) has a positive charge (1+), so it 
behaves like a metal element in the ionic bonding process.  
That’s why there are a handful of salts, such as ammonium 
chloride (NH4Cl) and ammonium nitrate (Na4NO3), that don’t 
contain a metal element.   PA
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Hydrocarbons  •  91

Chapter 5

Hydrocarbons
Many compounds are 
comprised of just two 
elements (hydrogen and 
carbon) in different ratios 
and configurations.  These 
are hydrocarbons.PA
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92  •  Hydrocarbons 

C HCH
C
H

H
C

C HCHC HCHCC
H

H

H

H
C HCH
H

H

H

H

The four main types of hydrocarbons (alkanes, alkenes, 
alkynes, and aromatics) are distinguished by the bonds 
between the carbon atoms.
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Hydrocarbons  •  93

All hydrocarbons have some common characteristics.
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94  •  Hydrocarbons 

Additional characteristics are determined by the type of 
bond between carbon atoms.  Single and resonant bonds 
are stable.  Double and triple bonds are not.  

C HCH
C
H

H
C

C HCH
C HCHCC

H

H

H
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Hydrocarbons  •  95

Styrene (C8H8) differs from 
other aromatic hydrocarbons 
in that it has an unstable 
double carbon bond outside 
the resonant structure.  
That makes it prone to 
polymerization.  

C HCH
C
H

H
C H

C CCH
H
C H
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Hydrocarbons  •  97

Common naming schemes help us identify hydrocarbons.  
The -ane ending signifies an alkane, and the -yne ending 
signifies an alkyne.  The -ene ending may indicate either 
an alkene or an aromatic, so it’s necessary to look at the 
prefixes to distinguish between the two types.  
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98  •  Hydrocarbons 

Despite the -ene ending, acetylene (C2H2) is 
an alkyne with a highly unstable triple bond 
between carbon atoms.  (Acetylene is also 
known as ethyne.)  

The alkenes ethene, propene, and butene are commonly 
known in the United States as ethylene, propylene, and 
butylene.  

C HCH
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Hydrocarbon Derivatives  •  111

Chapter 6

Hydrocarbon
Derivatives

Hydrocarbon derivatives, 
as the name implies, are 
compounds derived from 
hydrocarbons.  PA
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112  •  Hydrocarbon Derivatives 

Hydrocarbon derivatives (next page) are comprised of 
one or more hydrocarbon radicals attached to a functional 
group.  A hydrocarbon radical (below) is a hydrocarbon 
molecule in which 
one or more hydrogen 
atoms have been 
removed.  Hydrocarbon 
radicals cannot exist 
by themselves because 
they are not electrically 
balanced.  The missing 
hydrogen atoms 
must be replaced by 
something else.  

HCH
H

H
CH
H
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Hydrocarbon Derivatives  •  113
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114  •  Hydrocarbon Derivatives 

Functional groups are similar to hydrocarbon radicals in 
that they, too, are electrically unbalanced because not all 
available bonding sites are filled.  Functional groups must 
bond with something else.  
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Hydrocarbon Derivatives  •  115

The functional group tells us the category (type) of 
hydrocarbon derivative.  The hydrocarbon radical tells us 
the specific compound.  

The OH functional group in 
the illustration (right) makes 
the compound an alcohol.  
The C2H5 hydrocarbon radical 
makes it ethyl alcohol (as 
opposed to methyl alcohol, 
propyl alcohol, etc.).  
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116  •  Hydrocarbon Derivatives 

The first nine 
hydrocarbon 
derivatives 
contain only 
carbon, 
hydrogen, and 
oxygen.  

(The “R” stands 
for hydrocarbon 
radical.  We’ll 
look at specific 
examples 
shortly.) PA
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Fire Chemistry and Chemical Reactions  •  149

Chapter 7

Fire Chemistry 
and Chemical 
Reactions
Let’s now take a closer look 
at some of the chemical 
reactions mentioned in 
earlier chapters.PA
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152  •  Fire Chemistry and Chemical Reactions 

Products of combustion vary, depending on the fuel.  
Carbon dioxide (CO2) and carbon monoxide (CO) 
are usually produced in large quantities at any 
fire.  Carbon dioxide is a product of complete 
combustion, which requires sufficient oxygen 
to react with all the available fuel.  When the 
oxygen content is insufficient to oxidize all of 
the fuel present, the resulting incomplete combustion 
produces carbon monoxide.  Both gases are present at most 
fires because the fuel doesn’t burn evenly throughout.  

Even products that don’t burn can give off hazardous 
decomposition products when broken down by heat.  For 
example, the old extinguishing agent carbon tetrachloride 
(CCl4) releases toxic phosgene gas (COCl2).  

PA
RTI

AL
 

SA
MPL

E



Fire Chemistry and Chemical Reactions  •  153

Other common toxic fire gases include:

•	 Hydrogen cyanide (HCN) - from materials 
containing nitrogen (e.g., wool, silk, nylon, 
and polyurethane)

•	 Nitrogen oxides, particularly nitrogen 
dioxide (NO2) and nitric oxide (NO) -

	 also from materials containing nitrogen
•	 Hydrogen chloride (HCl) from materials 

containing chlorine (e.g., PVC)
•	 Acrolein (CH2:CHCHO) - from cellulosic materials

PA
RTI

AL
 

SA
MPL

E



154  •  Fire Chemistry and Chemical Reactions 

Oxygen content affects not just the fire gases produced but 
also the intensity of the fire and how quickly it spreads.  An 
oxygen-enriched atmosphere will cause materials to ignite 
more readily and burn more fiercely.  Fire may burn in an 
oxygen-deficient atmosphere, but it won’t burn as well.  
As the oxygen drops, so does flame propagation.

PA
RTI

AL
 

SA
MPL

E



Toxicity and Risk  •  163

Chapter 8

Toxicity
and Risk
We’ll close the book 
with a little information 
on evaluating the 
health risks posed by 
hazardous materials.PA
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170  •  Toxicity and Risk 

The chart below shows the relation between contaminant 
concentration and oxygen concentration.  At the point 
where OSHA defines the atmosphere as being oxygen-
deficient (19.5%), there can be 70,000 ppm of a contaminant.  
Many substances are deadly at far lower concentrations.
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Toxicity and Risk  •  173

A relative hazard ladder 
shows the approximate 
relation between various 
exposure values.  We’ll look 
briefly at those at the top 
and bottom of the ladder, 
but we’ll focus primarily on 
those in the middle—the 
action levels for emergency 
response.  
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