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Important Message
to My Readers

This book contains a very simplified
review of the most important c
taught in hazmat chemls

complex, and the
not covere is

. is book to brush up on the
nt it with other resources for a more

th rstanding of hazmat chemistry.
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Chapter 1

Terms and
Definitions

This chapter covers

Terms and Definitions ¢ 7
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Vapor pressure is the force exerted by the vapors of a
product against the atmosphere or the sides of a

the vapor pressure, the more volatile a material
ore readily it will evaporate. A material is
ed volatile if it evaporates quickly.

isand t
co&z

8 e Terms and Definitions
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Vapor pressure is normally measured in millimeters of
mercury (mmHg) at 68°F/20°C. Two other com

for measuring vapor pressure are pounds per s imch
(psi) and atmospheres (atm). ‘ )
equals @t exceeds 760

in its normal state.

760 mmHg =

If the vapor press
mmHg at s vel,

Terms and Definitions ¢ 9
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While there is no official dividing line between a “safe” vapor
pressure and an “unsafe” vapor pressure, commo

tells us that a product whose vapor pressure is
that of water probably isn’'t going to “r
someone” who follows the basic
deny entry.”

‘ isola
Water has a vap
17.5 mmH 68°

10 ¢ Terms and Definitions

ut a
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Vapor pressure is temperature-dependent. The higher
the temperature, the higher the vapor pressure.

700

600
500

/ 289 mmHg

23.8 mmHg
92.5 mmHg

32°F 77°F 122°F 167°F 212°F
0°C 25°C 50°C 75°C 100°C

ressure of Water (mmHg)

Terms and Definitions ¢ 11
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Vapor density is the relative weight of a vapor or a gas
compared with a like volume of air. All vapors an 1‘(
gases are heavier than air.

(0O
Ve
* J
0 Some Gases Are
ier Than Air Lighter Than Air
a ensity Greater Than 1) (Vapor Density Less Than 1)

12 ¢ Terms and Definitions
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Only a han.dful of Gas Vapor Density
gases are lighter Hydrogen ” &
than air, and
many of those

are so close to

the density of air
that the difference
is negligible to
the emerge
responder.

Helium
Natural Gas

Diborane

0.954

Nitrogen 0.966

Ethylene 0.967

\ Carbon Monoxide 0.967

Terms and Definitions ¢ 13
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Vapor density can be calculated by dividing the molecular
weight of an element or compound by 29 (the mol
weight of air).

rerrc1(

the combined weight of all atoms in a
to weight of each element is indicated on
le of elements. (This will be explained in

Ch

14 ¢ Terms and Definitions
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Vapor density is independent of other factors, but external

conditions can affect where a vapor or gas is fi A
-
A%

e Because temperature affects vapor
pressure, it affects the rate at
gases and vapors disper

Moisture in t

Terms and Definitions ¢ 15
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e Wind and air currents can affect how
well gases and vapors mix with the
atmosphere and how easily they
disperse.

e Lower concentrations
of gases and vapors

will disperse
readily t hig
concent S. \'

16 ¢ Terms and Definitions
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Flash point is the minimum temperature at which a liquid
produces enough vapor to form an ignitable mixt &jr.
(Fire point—where vapors will support combusti

ly
a few degrees higher.) Flash point is ge ly co &1
the most important property in as i mab u’.
e t
Gasoli

The lower the flash point, t zi

Gasoli ne Vapors Are
rely Ri
lash d
sh Point

Rich Enough to Support
Liquid at

Combustion If Ignited
! -45°F /-42.8°C

‘ﬁx Fire Point
Liquid at

-40°F / -40°C

Terms and Definitions ¢ 17
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Ignition (autoignition) temperature is the minimum
temperature required to cause self-sustained co
independent of an ignition source.

Put more simply, it’s the
minimum temperature
to which a matenal mus

°'F/523.9°C

Ignition Temperature
of Gasoline
853°F / 456.1°C

18 ¢ Terms and Definitions
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A few substances are subject to spontaneous ignition.
Animal and vegetable oils (e.g., mink oil and linse
good examples. The oil will slowly oxidize whe
to air, generating heat in the process.
dissipate fast enough, it will accel

are

Terms and Definitions ¢ 19
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Boiling point is the temperature
at which the vapor pressure

at the surface of the liquid is
equal to or slightly greater than
atmospheric pressure, meaning
that individual molecules are
able to easily break thro
the surface of the Ji i

e‘hazard potential.

grw

20 e Terms and Definitions
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Flammable (explosive) range is the percentage of vapor in
air within which ignition is possible.

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

The wider the fl
range, the ter t
which_ignit pos
t ﬁate isk.

o Lean to Burn
_ 1.4% - LEL

__76% - UEL
___Too Rich to Burn

Flammable Range
of Gasoline

Terms and Definitions ¢ 21
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Only atmospheres well below the LEL are safe to enter.
OSHA prohibits working in confined space atmosph

Too Rich
to Burn

100%

22 e Terms and Definitions
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The terms miscibility and solubility are often used
interchangeably. Miscibility refers to the

ability of products to mix, or form a uniform
blend. Solubility refers to the ability o
product to dissolve.

Chemicals that mix in
called miscible o
soluble), while thos

are called 1 cib
i e' -

-

Terms and Definitions ¢ 23
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Specific gravity is the weight of a liquid compared to an
equal volume of water.

An immiscible substance with a specifi
one (<1) will float on water. Itis a
substance with a specific gr
sink in water. Itis a si 1s a
swimmer.

iscible Miscible
Substance Substance
(Sinker) (Swimmer)

Specific

Gravity <1 Gravity >1

24 e Terms and Definitions
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Polarity is a reflection of how strongly
one atom attracts the electrons
of another atom in a compound.
Magnets make a good analogy for
polarity. With their positive and

Polarity in M

Electrons Can Be Drawn
More Strongly to One
Element Than to Another

Terms and Definitions ¢ 25

Books can be purchased through Firebelle Productions.



Evaluation copy only. Not for resale, field, or classroom use.

May not be printed in whole or in part.

water will dissolve oth

(like most alcoh n
substances (li bo
substance w )
ce not water-soluble,

luble in other nonpolar
or example, wax will dissolve
ine.

26 ¢ Terms and Definitions
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undergo a change j
liquid, or gas),

In a chemical re
undergo a ei
A n ub is f

tdat has its em

Iy hazards.

Terms and Definitions ¢ 27
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The causative factor in physical change is usually
temperature.

e Melting is a change from solid to li
ice turning to water). The tem
it happens is called the m

urnin steam). The point of maximum
‘apo ation is called the boiling point.

28 e Terms and Definitions
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e Condensation is a change from vapor to liquid (e.g.,
steam from a hot shower condensing on a mir 1&

Melting of an Ice Cube
(Previously Frozen from Water)

. eposit is a change from gas to solid. It’s a very
eaction associated with nuclear blasts.

Terms and Definitions ¢ 29
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Temperature can change the thickness of a liquid—its
viscosity—without changing its physical state.

Viscous liquids (those with hi )
thicker liquids, like hea S.
n&lf

30 ¢ Terms and Definitions
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Polymerization is a chemical reaction in which small
compounds (monomers) react with themselves to
larger molecules (polymers).

Polyethylene Polymer

Terms and Definitions ¢ 31
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Double bonds between carbon atoms (below left) are not
as stable as single bonds. However, open bondin
(unpaired electrons—below right) is an unstabl
that nature won'’t allow for long. So w’ e do
bond is broken, the monomer will
monomers to form new com

]
HH

Ethylene Monomer in Transition

thylene Monomer (C,H,)

32 e Terms and Definitions
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Compounds with double «
bonds between carbon
atoms are prone to
polymerization. Human
intervention is not
required.

However, ¢

use%jnit
reaction,
P

Terms and Definitions ¢ 33
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Uncontrolled polymerization
is very dangerous.

Polymers are not as dense
as monomers; they take u

more space. The reactio
generates heat.

Overpuessu n a
&se h
fai ce the

r , 1t cannot be

st(ﬁed

34 e Terms and Definitions
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Chapter 2

Elements and
Compound

Elements and Compounds ¢ 35
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Matter can be organized as illustrated below.

Pure Substance

—
Metal Nonmetal OCus on pure
[ Metalioid substances because it

is far easier to make
generalizations about
them.

36 ¢ Elements and Compounds
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A pure substance is a homogenous one—one i
which every sample of the same substa
identical in composition.

r more elements or
sically mixed but not
d. Consequently, mixtures
om one sample to another.

Elements and Compounds ¢ 37
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A pure substance can be either a single element or a

compound (molecule) comprised of two or more e ts
chemically bonded. Elements are represented ingle
capital letter or by a capital letter follo
letter. Compounds are representegd
multiple elements.

Water (H,O)

Sodium Chloride (NaCl)

Sodium Chlorine

38 e Elements and Compounds
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Elements are divided into metals, nonmetals, and

metalloids (or semimetals). Metals generally hav 4
lustrous (shiny) appearance and are good cond
of heat and electricity. They are malle an b \
hammered into sheets) and ductil awn )
wires). Nonmetals generall 0 t a
good conductors, and a ith bl 1c ile.

ert

each. etalloids are

-

Metal | | Metalloid | | Nonmetal |

Elements and Compounds ¢ 39
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Metals and nonmetals are identified on the periodic table
of elements (to be explained shortly). Metalloids

the elements immediately surrounding the divi i
between metals and nonmetals. ‘ )

etals

Metals

- (o)

40 e Elements and Compounds
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Compounds are further divided into salts and nonsalts.
Most salt compounds are comprised of a metal ele '

Comprised of
Two or More Nonmetals

Elements and Compounds ¢ 41
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Nonsalt compounds are either organic or inorganic.
Organic compounds are derived from living (or o *ng)
organisms. Almost all of them contain carbon- g&

bonds. Inorganic compounds are not ed fr
(or once living) organisms and do e carb
hydrogen bonds.

No Carbon-Hydrogen
Bond

42 e+ Elements and Compounds
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Organic compounds are either hydrocarbons or

hydrocarbon derivatives. Hydrocarbons contain q
carbon and hydrogen atoms. Most hydrocarba
derivatives contain carbon and hydrogemt a
nonmetal elements.

arbon Derivative

Contains Other
Nonmetal Elements

Elements and Compounds ¢ 43
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The periodic table of elements displays elements
according to their atomic structure. They're divid
metals and nonmetals (as illustrated on page 4
vertical columns reflect the number of
(explained later), whereas the hori
and size. Elements become

density, specific

The periodi shows each element by
n ; i , and atomic weight.

-

44 e Elements and Compounds

tomic Number —f 1008 }— Atomic Weight

H—— Symbol
Name — Hydrogen
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The Periodic Table of Elements
Alkali Metals Nobl es
1
! Alkaline i
T 1o | Earth Metals ns, )
2 15
Hydrog Il v Heli
ERC T g T s % 0 20100
Li | Be N | O e
Litium | Berylium Boron Nitrogen en
I R P EaE 3k £
Na | Mg Al Ar
Sodum | Magnesum | 3. 4 5 6 7 9 Auminum us Chiorine | Argon
O B B B A S wm EXA 00|35 7950t [ 85758
K|Ca|Sc|Ti|V n n | Ga Se | Br | Kr
Potassium Calcium Scandium Titanium Vanadiur se. Nickel Zinc. Gallum | Gerr Arsenic Selenium Bromine Krypton
37 e [ 51020 [ o000 | 0 sizad |1 a2 | 4 i T e 3 R CR G B B B e
Sr| VY Nb Pd In|Sn|Sb]Te | I | Xe
rsgom | stoniom | v Notin_ oty o o | woom | T | sy | ot | ne | onn
% oo [ o s |74 02 3 O R O G Ol R O
Cs 4 Ba | 577 w ulHg| Tl |Pb| Bi |Po]| At | Rn
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e d [Pm|Sm|Eu|Gd|Tb |Dy |Ho | Er | Tm|Yb | Lu
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There are three major regions on the periodic table. The
representative elements on either side of the ta
the most important to the study of hazardous
because, as a category, they are more ch
than the transition metals and raneye

I"E\\“

\ Representative
Elements

[Transition Metals (Rare Earth Elements)]

46 e Elements and Compounds
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Elements are grouped vertically in families based on their

families. It is

primarily because Noble Gases
each membesghas ‘ 2 “a'°ge"j 5
the same n T Vii[He]
o Sh B F |Ne
Cl| Ar
N Br|Kr
laine 1 [Xe
: Cs|Ba At|Rn
n € 10 Fr [Ra
ch !

Elements and Compounds ¢ 47
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The basic building block of any substance is the atom.
Each atom has a nucleus (center) and one or mor:

Nucleus

One or
More Shell

48 e Elements and Compounds
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Electrons orbit the nucleus much the way planets orbit the
sun. These electrons are said to reside in shells
called orbits or rings). How elements interact
another is primarily a function of their ons.

be explained in more detail in the ‘: T.

*
-

Elements and Compounds ¢ 49
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An atom’s atomic weight comes from its protons and
neutrons. Electrons are so light that they are consi
essentially weightless. Protons and neutrons e
what is referred to as one (1) atomlc m
“1.” Molecular weight is the co
elements in a compound or

Protons = 1
Neutrons = 1
Electrons =0

W

50 ¢ Elements and Compounds
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Protons and electrons are electrically charged, protons

no electrical charge; they are neutral.

Atoms must have an equal numb

charges—to ensu
electrically

Elements and Compounds ¢ 51
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Periodic tables show the predominant,
or most stable, form of each element.
However, many elements have two

or more isotopes. Isotopes are
variations of the same element

the difference being the num ‘

neutrons in the nucleus

g Carbon

Carbon-14

T

Isotopes of sam avi
op
m . For
six protons
is radioactive,

on in its predominant
six of each) is not.

52 e Elements and Compounds
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Again, an atom can have several shells surrounding the
nucleus. The number of electrons in the outer

shell is the characteristic that most influen
chemical bonding (chemical reactivity

Hydrogen and helium are so
each have only one shel
electron on that s
All other el

two or mor Hydrogen

@

Helium

Elements and Compounds ¢ 53
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The shell closest to the nucleus can hold no more than two
electrons, regardless of how big the atom is. The
outermost) shell can have up to eight electro
intermediate shells have eight electron
by slightly different rules and can
of electrons on their intermedi
the scope of this book.)

hell - Maximum of 8 Electrons

Intermediate Shells - Most Filled with 8 Electrons

54 ¢ Elements and Compounds
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The periodic table identifies the number of outer shell

Elements in Group I have one outer sh
in Group II have two, and so forth

IV VvV VI Vi

Elements in
Group VI
Have Six

Outer Shell
Electrons

Elements and Compounds ¢ 55
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Elements in Group VIII, the noble gases, are the only
elements whose outermost shells are filled to maxi
capacity. As such, the noble gases won’'t bond
elements. Only those elements whose Q
aren’t filled to the maximum are eligi

game ... which leads us to C

56 ¢ Elements and Compounds
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Chapter 3

Chemical
Bonding

Undesstan
b, he

-

I

Chemical Bonding ¢ 57
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All elements other than the noble gases (Group VIII on the
periodic table) have outer shells that aren’t filled 't‘e
maximum number of electrons, so they must

bond with others to create a full outer
Hydrogen, with only one shel e
more electron to obtain al o. 'Thi
is called the duet Duet Rule
ill
ut S

58 e Chemical Bonding

All other at
e

eve eight

ells. This is

Octet Rule

S O
(o)
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Ionic bonds are formed from the transfer of electrons
from a metal element to a nonmetal element. The
salt compound. Salts are covered in Chapter

is a

v

ﬂem até\e s from their outermost
senti
1lben

e ng the outer shell and exposing
a 1
do‘ate e

it. Nonmetal elements accept the
ons, also ending up with filled outer shells.

Chemical Bonding ¢ 59
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Covalent bonds are formed between two or more nonmetal
elements that share electrons. Their outermost

The nonsalt

compound pictured
on this page is
the hydroc n

kno as e.
bo
in

60 e Chemical Bonding
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A covalent compound existing as a molecule of two identical
atoms is called a diatomic molecule (or, in the c
gases, a diatomic gas).

olecules include hydrogen (H,), nitrogen
,)» chlorine (Cl), bromine (Br,), and iodine (L,).

Chemical Bonding ¢ 61
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In resonant bonds, the electrons rotate very rapidly
between the carbon atoms.

ternat

62 e Chemical Bonding
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The chart below summarizes the three types of bonds.

Bond Composition Electron Aetion

lonic Metal + Nonmetal
Covalent Nonmetals O
Resonant

e broken. This is one of the dangers we
azmat incident.
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Let’s now look at the relation between outer shell electrons,
chemical bonding, and the behavior of the four fa
highlighted on the periodic table below. The n
outer shell electrons is indicated by the g

group numbers at the top of each gg

characteristic that
most influences Noble Gases

chemical bonding ' kaine | e Halogensl 5

(Che ical r i Vii[He
m i |E F |Ne|

CI|Ar

€ f Br|Kr

| |Xe
At|Rn
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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 t
they’ll react vigorously to donate t n
outer shell electron.

When in contact

Potassium
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Group II - Alkaline earth metals are

fairly reactive, but less so than the alkali
metals. It takes more effort to shed two
outer shell electrons than it does to sh
one, so these elements aren’t quit
“motivated” to bond with oth

These elements a
water-reacti

anygone .
Calcium
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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 ‘ n

element to form an ionic bond or
Chlorine

electrons with a nonmetal ele
a covalent bond.

ut
t ort
orine, in

oxygen itself—that fires
ntensely in their presence even

Bromine
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Group VIII - Noble gases have filled outer
shells already. They have no reason to
react (bond) with other elements. They
are inert.
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Dash style illustrations are used in this book to represent
the structural formulas of compounds.

Chemical formulas can take

Ethyl Alcohol (Ethanol)
C,H.OH or CH,CH,OH
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Some products can have the same molecular formula but
different molecular structures. These products ar
as isomers of each other.

|
HH

Isopropyl Alcohol
C,H,OH

ite g the same formulas, isomers can have
ly different characteristics and hazards.

70 e Chemical Bonding

Books can be purchased through Firebelle Productions.



Evaluation copy only. Not for resale, field, or classroom use.

May not be printed in whole or in part.

Chapter 4

Salts

In the world of h
chemistry, a_salt”
isn’t limite
f: * SO
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Most salt compounds are formed through an ionic bond
between a metal element and one or more nonme ‘
elements, just like the familiar table salt (sodiu o&ie).

)

*
-
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Notable Exceptions

Only a few salts d

include am

(NH,NO,). { nium ion (NH,) behaves

li *eta i it forms an ionic bond with
nm i ill become clearer later in the

-
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Characteristics common to most salts:

e Salts are solid.

e Salts are nonflammable.

e Most are water-soluble.

e Many are water-reactive and
produce a flammable gas,
caustic solution, and

contact with w;

ou

Don’t Inhale

¢« 4 ¢
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We'll focus on six types of salts, the first five of which are
easily recognized by names ending in -ide. Some 3
specific (cyanide, oxide, hydroxide, or peroxide).

Salt Composition
Binary metal + nonmetal
Salt (not otherwise listed below)
Metal metal + cyanid KCN
Cyanide potassium cyanide
Metal Oxide Na,O
(Binary Oxide)

sodium oxide

etal + “hydroxide” NaOH
(or alkali, caustic, or base) sodium hydroxide
metal + “peroxide” O,

. 22 .
sodium peroxide

metal + oxyradical NaNO,
(ends in “ate” or “ite”) sodium nitrate
(may include prefix “per” or “hypo”)

+ element + oxygen
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The IUPAC (International Union of Pure and Applied
Chemists) naming system identifies salts accordi
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Binary salts contain two elements—one metal and one
nonmetal (other than oxygen).

Examples of Binary Sal

dfsome chlorides). In contact with water,
binary s 11 produce a flammable and/or toxic gas, a
ca& olution, and heat
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Metal oxide salts (binary oxide salts) consist of a metal
element bonded to oxygen.

Examples of Metal Oxide

oxides containing alkali metals
water to produce a caustic solution and
etal oxides don’t release a gas in contact

78 e Salts

Books can be purchased through Firebelle Productions.



Evaluation copy only. Not for resale, field, or classroom use.

May not be printed in whole or in part.

Metal cyanide salts consist of a metal element ionically
bonded to a complex ion of carbon and nitrogen

Examples of Metal Cyanide

Sodium Cyanide
Potassium

Cyanide salts are .
produce hy en c ich is a very toxic and
flammable

-
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Metal hydroxide salts consist of a metal element ionically
bonded to a complex ion of oxygen and hydrogen
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Metal peroxide salts consist of a metal element bonded to
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Metal oxysalts consist of a metal element, oxygen, and a
third element. The third element is most often a ng

potassium permanganate (KMnO,) are ¢
with two metal elements.

ontact with fuels. Oxysalts formed with
e most hazardous.
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Naming oxysalts is more complex than naming other salts.
Like the others, oxysalts start with the metal ele
followed by the root of the second element. Ho
end in either -ate or -ite, not -ide, and
prefixes per- or hypo-. The prefix
related to the amount of oxyge
explained further on the

“(nonmetal) ate”
“(nonmetal) ite”
“hypo (nonmetal) ite”

Salts ¢ 83

Books can be purchased through Firebelle Productions.



Evaluation copy only. Not for resale, field, or classroom use.

May not be printed in whole or in part.

The two nonmetal elements in an oxysalt form an
oxyradical. (Oxyradicals are also referred to as
ions or complex ions). The normal (most stable
oxyradical is its base state. (For the o
of chlorine and oxygen, shown bel

Example Formula

Sodium Perchlorate NaClO,

Chlorate Sodium Chlorate NaClOg

Chlorite Sodium Chlorite NaClO,

Hypochlorite | Sodium Hypochlorite NaClO
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The chart below shows the base states (most stable
configurations) of various oxyradicals.

Base State with
3 Oxygen Atoms

Chlorate Cl
Bromate
lodate
Nitrate

Car
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With binary salts and oxide salts, determining the ratio
of metal and nonmetal elements is straightforwar

neutral compoun
is a techni

numbe
ﬂst

Na®’r O@'

NaCl Na, O
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Peroxide salts, cyanide salts, and hydroxide salts contain
polyatomic ions (complex ions) in which two or m
bonded together act as a single unit. The pero
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The polyatomic ions in oxysalts also have specific charges
associated with them. Listed below are some exa

1- Charge 2- Charge
Hypochlorite Carbon
Chlorite

Chlorate
Perchlorate
Nitrite
Nitr
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Notable Exceptions

Most polyatomic io

the ammoni
onic bonding process.

of salts, such as ammonium
onium nitrate (Na,NO,), that don't
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Many of the transition metals have more than one

chloride (FeCl,) or ferric chloride (FeCl,)
examples of other ions with multiplesexi

Element
Chromium

s Cr3+

Manganes 3 Vlanganous Mn2+

% aNe or Manganic Mn?3+

er (I) or Cuprous Cu*

Copper (Il) or Cupric Cu?

Mercury (I) or Mercurous Hg*

! Mercury (II) or Mercuric Hg?
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Chapter 5

Hydrocarbons

Many compounds
comprised ofj
elements (
c in

figu

-
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The four main types of hydrocarbons (alkanes, alkenes,
alkynes, and aromatics) are distinguished by the bo
between the carbon atoms.

Alkane Alkene

Ethyne * CoH,

Benzene ¢ CgHg

Triple Bond Resonant Bonds
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All hydrocarbons have some common characteristics.

All Are Flammable
or Combustible
All Have

Some

(Specific Gravity <1)
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Additional characteristics are determined by the type of

Alkane Alkene

Single Bond

H H
Lo

Highly Unstable, Stable, Toxic,

Could Could Explode Some Carcinogenic,
Polymerize Burn with
Sooty Smoke
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Notable Exceptions

atic hydrocarbons
it has an unstable
ouble carbon bond outside
the resonant structure.
Structure That makes it prone to
polymerization.

tyrene ® CsHg
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filled with hydrogen. Unsaturated hydrocarbons g t.
Only the alkanes, with single bonds between ca ms,
can be saturated with hydrogen. ‘

Saturated hydrocarbons have every available bondini site

Saturated

Propene (C,H,)

ery Available Bonding Site Contains Less Hydrogen Due
Is Filled with Hydrogen to Carbon Double Bond
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Common naming schemes help us identify hydrocarbons.
The -ane ending signifies an alkane, and the -yne

an alkene or an aromatic, so it’'s nece
prefixes to distinguish between th

thene, Propene
Ethyne, Propyne
Benzene, Toluene
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H-C=C-H

Ethyne * CoH,
(Acetylene)
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# Carbon Atoms Prefix

Alkanes,

alkenes, and Meth;

alkynes use b

common
B

prefixes en tane

based on Hex- Hexane

the number Hept- Heptane
Oct- Octane

Non- Nonane
Dec- Decane

of carbon
at in th
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Here is a visual
representation of III
the information H-C-+H
on the previous Iil
page ... meth-, eth-,
prop-, but-, etc.
signify the number
of carbon atoms i

Ethane (C,H,) Butane (C,H,,)
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The aromatic hydrocarbons have -ene endings, but they
have different prefixes than do the other hydroc

Name

Benze
e
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Hydrocarbons can also be recognized by formula. They
contain only carbon and hydrogen, and the four

)

as shown below. The letter “n” represe
carbon atoms in the structure.
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Straight-chain hydrocarbons have all the carbon atoms
arranged in a row; branched hydrocarbons do n

Straight-Chain
Hydrocarbon

‘ entane (C,H,)) Isopentane (C.H,,) Neopentane (C,H,,)
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Cyclo compounds appear to have a ring structure like
the aromatics, but they have single bonds (not re

et | H-G G
—C-C-H | H-C C-H

| | /N /\

HH H /C\ H

H H
Cyclobutane (C,H,) |Cyclopentane (C,H,) | Cyclohexane (CH,,)
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If one double bond between carbon atoms is very
reactive and unstable, multiple double bonds in
same compound are much worse. Butadiene
cyclopentadiene are examples of dange
compounds.

C —C Double

\—Bond

C-H
s

adiene (C,H,) Cyclopentadiene (C.,H,)
(1,3-Butadiene) (1,3-Cyclopentadiene)

-
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Molecular size affects physical and chemical properties,
many of which are directly or indirectly proportiona
another. The following are examples.

Smaller Molecules

Boiling Point
Flash Point
Heat Output
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Smaller compounds are more active, so they produce

is lower in smaller compounds becaus
to raise the temperature of the li
sufficient vapors to form an_i
takes more heat energy (i i
vapors, because t
the vapors

and isitio
at because

e less fuel.

atu ite those
droge el) than do
es. Thus flash point

o
le

Smaller Molecules

Boiling Point
Flash Point
Heat Output

t

Ignition Temperature
Vapor Concentration
Vapor Pressure
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Larger compounds are less active, so they produce less

pressure than do smaller compounds. The flas
higher in larger compounds because it
raise the temperature of the liqui

mor
h p
sufficient vapors to form an_i i in &ir’
it takes less heat energy iti rat i
those vapors, bec nt ore h gen (fuel)

than do the r molecules. Thus

flash point
t tur Larger Molecules
in
? Ignition Temperature
ZgEE CO Vapor Concentration
I e Boiling Point Vapor Pressure
Flash Point
Heat Output ‘
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Although flash point and ignition temperature are
inversely proportional, they will never cross. The j

flash point.

Smaller Molecules

Flash Point and
Ignition Temperature

rther Apart Are Closer Together
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Chapter 6

Hydrocarbon

Derivatives
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Hydrocarbon derivatives (next page) are comprised of
one or more hydrocarbon radicals attached to a fus

molecule in which
one or more hydrogen
atoms have been
removed. Hydrocarbon
radicals cannot exi

H
Methyl- (CH,)
H H H H
H-C-CoH | et
H H H H
Ethane (C,H,) Ethyl- (C,H,)
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Hydrocarbon Radical + Functional Group = Hydrocarbon Deri

A A
H-C- ~0-H c-och A
H
OH Methyl€Aicohol (CH,OH)
o
—H H—(li—(F—O—H
HH
Hydroxyl (OH) Ethyl Alcohol (C,H;OH)
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Functional groups are similar to hydrocarbon radicals in
that they, too, are electrically unbalanced becaus 11
available bonding sites are filled. Functional g st
bond with something else. l’x

*********

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

______

The OH functional group in
the illustration (right) make
the compound an alcoh
The C,H, hydrocage@ihyradical " 7 &7 = 77

makes it ethyhalcoh H H:
opposid to la , po :
P lco )- Hydrocarbon Radical
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The first nine
hydrocarbon (0] (0]
deriv'fltives R- C": R
contain only
carbon,
hydrogen, and
oxygen.

Ketones

(The “R” st
for hydroc
r W

I ec : R-O-R | R-0-O-R

€

sh‘tly.
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The next five hydrocarbon derivatives introduce nitrogen.
(Again, “R” stands for hydrocarbon radical.)

LY &3

Nitril yanides)

1 H(R)
R-C-N{jp)

Amides
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Thiols (also known as mercaptans) introduce sulfur.

Alkyl halides (also known as halogenated hyd
contain one or more halogens (indicte 7
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The chart below shows various hydrocarbon radicals and
the hydrocarbon compounds from which they come:

Original Hydrocarbon

Methane

Ethane

CoHa_

Propyl CsH,/—
Allyl, Acryl | C,H5(C)=
Butyl CyHg—
\ Benzene Phenyl CgHs-
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Ketones, [ T
aldehydes, " HIoH

i i 1 LI
organic acids, H-C-C- (I:_H

and esters are 3 1|
all carbonyls, ‘ ‘
with a double
bond between

,,,,,,,,,,,,,,,

An Organic Acid An Ester
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Ketones have the functional group CO. They have names
ending in ketone or -one. Ketones are water-solu

flame with a blue base when burning.
narcotic effect on the central nerv

,,,,,,,,,,,,,,,,,,

Methyl Ethyl Ketone
e Or 2-propanone) (2-butanone or MEK)
CH,COCH, CH,COC_H,
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Aldehydes have the functional group CHO. They have
names ending in aldehyde or -al. Aldehydes are
soluble compounds frequently used as preserv
are toxic and flammable, exhibiting a y
a blue base when burning. Some
ranges (e.g., formaldehyde at
7% to 73% and acetalde
at 4% to 60%). Somi€nh \¢T A\ [T - ;

Formaldehyde Acetaldehyde
(Methanal) (Ethanal)
HCHO CH,CHO
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Notable Exceptions

hyde propenal is more commonly
ed acrolein (left). The double bond
between carbon atoms makes this unstable
compound subject to polymerization.
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Organic (carboxylic) acids have the functional group
COOH. Their names end in -ic acid or -oic acid.
acids are toxic and corrosive. They are combu
burning with a blue and yellow flame a
They are water-soluble.

Acetic Acid (Ethanoic Acid)
CH,COOCH
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Esters have the functional group COO (or CO,).
names ending in -ate (often acetate or acrylate).
are flammable, exhibiting a yellow flame with a
when burning. Those with a double bo etwee
atoms, such as methyl acetate (b i

They have

™

€

yl Acetate ¢+ CH,COOCH, Methyl Acrylate » C,H,COOCH,
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Alcohols have the functional group OH. Their names
end in alcohol or ol Alcohols are either flammable

water-soluble
compounds are
generally tox1c

,,,,,,,,,

Methyl Alcohol (Methanol) Ethyl Alcohol (Ethanol)
CH,OH C,H.OH
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Glycols are part of the larger alcohol family, but have
two OH groups instead of one. Glycols are toxic
combustible. Most are highly soluble in water
relatively nonvolatile.

Lo __!

Propylene Glycol
C,H,(CH),
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Glycerols are also part of the larger alcohol family, but

in general, should be considered toxic and com
However, the most common one, glyceri

harmless in low concentrations. Iigsss mak
a variety of products, from d it C

Y,

pharmaceuticals.

,,,,,,,,,

*
-
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Ethers have the functional group O. Most have names
ending in ether, but some names end in oxide. E eﬁre
very volatile. They are flammable. Many have ints
below O°F (17.8°C), and some have relati
ranges. Ethers burn with invisibl
insoluble floaters. Many hayv
with double bonds betw

ther (Diethyl Oxide) * C,H,OC,H, Divinyl Ether ¢ C,H,OC_H,
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Ethers have limited shelf lives; they form explosive
organic peroxides over time, particularly when e Q to

|
,,,,,,,,,

yl Ethyl Ether ) Methyl Ethyl Peroxide
CH,OC,H, | CH,00C H,
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Notable Exceptions

Ethylene oxide is uniq
appearance, but its
carbon atoms) ma . lene oxide is an

side its own container with no air present.
It’s also subject to polymerization.
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Organic peroxides have the functional group OO (or O,).
They normally have peroxide or peroxy in the name.

sensitive to heat and friction and are p
polymerization if overheated. M

iiiiiiiii

Ethyl Peroxide * CH,O,C,H, | Benzoyl Peroxide » C,H.COO,COCH,
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Although organic peroxides are not explosive, per se—they
are DOT Class 5.2—they are similar to explosive at

nt

in the same formula. Their instability i
concern than their oxidizing abili

f the Fire Triangle
Iready Present

Hydrocarbon Derivatives ¢ 133

Books can be purchased through Firebelle Productions.




Evaluation copy only. Not for resale, field, or classroom use.

May not be printed in whole or in part.

Notable Exceptions

have names
containing ave names with a
per- prefix sopropyl percarbonate).
S ee i g (e.g., peracetic acid). It's a
t re important it is to check reference
S athaz incident rather than rely solely on
nav guition and a limited knowledge of chemistry.
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Nitros have one or more nitro (NO,) groups. The bonded
pair of oxygen atoms makes the nitro group a str
oxidizer. The hydrocarbon
radical provides the fuel
component. With two sides
of the fire triangle complete
nitros are explosive and
flammable. Many,
are sensitivi
to shock or
h

Nitromethane Trinitrotoluene (TNT)
CH,NO, C,H,CH,(NO,), or CH,CH,(NO,),
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The simplest amines are those containing the functional
group NH, bonded to a single hydrocarbon radica

group begins as ammonia (NH,). The a
hydrocarbon radicals both contri

Amines exhibit a

yellow flame whe
burning. T are II' Iﬂi/H
water-solu d h ‘H—C—C-Q-N\Hi
i ‘ ] Lo ;
¢ ris L I A N s
Methyl Amine Ethyl Amine
\ CH,NH, C,HNH,
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Secondary and tertiary amines can be created by
substituting additional hydrocarbon radicals for
atoms.

Dimethyl Amine Trimethyl Amine
(CH,),NH (CH,),N
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Nitriles (also called cyanides) contain the functional
group CN, with a triple bond between the carbon
and the nitrogen atom. These compounds hav
containing nitrile or cyanide. The cyan‘ oup
these hydrocarbon derivatives toxi e ﬂa
exhibiting a yellow flame wi
Those nitriles
with a double ]
bond betweemn, [0 0 THA U » | oy ‘
| JH|

carbon ato | =N ! C=C
&ect ‘ I ! YC=N

Acetonitrile (Methyl Cyanide) | Acrylonitrile (Vinyl Cyanide)
CH,CN CH,:CHCN
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Carbamates have the functional group NH,COO, but
hydrogen atoms normally attached to the nitrogen
can be replaced by additional hydrocarbon radi
carbaryl (below right). These compound

starting with the prefix carba-. Ca mat

compounds.
Nevertheless,

|
,,,,,,,,,

Carbamic Acid Carbaryl
NH,COOH C,H,NO,
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Amides have the functional group CONH,, but hydrogen

atoms normally attached to the nitrogen atom can e«
replaced by additional hydrocarbon radicals (no .
These compounds often contain amide j e na
T a‘t’
S

Amides have low to moderate toxici re fl
Those with a double bond be
subject to polymerizatio

Formamide Acrylamide
‘ HCONH, C,H,CONH,
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Thiols (or mercaptans) contain the functional group SH
(sulfur and hydrogen). They commonly have eith or
mercaptan in the name. These compounds are le
and toxic. They are also strong 1rr1tant
skunk-like odors and are used as

,,,,,,,,,

captan (Methanethiol) Ethyl Mercaptan (Ethanethiol)
CH,SH C,H,SH
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Alkyl halides (halogenated hydrocarbons) have no specific
functional group. Rather, what they have in com the
use of one or more halogens in place of hydrog
The most common are the chlorinated
six shown on these two facing pa

,,,,,,,,,,,,

Dichloromethane Trichloromethane
(Chloroform) CHCI,
CH,CI,
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Alkyl halides are generally toxic, some more so than others.
Some are flammable, but most do not burn. In f: e

are used as extinguishing agents. Most will br \&at

relatively low temperatures, giving off t
products. Alkyl halides are insol

Difluorochlorobromomethane Trifluorobromomethane

(Halon 1211) (Halon 1301)
CF,CIBr CF,Br
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Not all alkyl halides are based on methane. For example,
chloroethane (below left) is based on ethane (C,H
trichloroethylene (below right) is based on ethe (—x

Trichloroethylene
CICH:CCl,
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Organophosphates are very large compounds containing
phosphorus double-bonded to sulfur or oxygen
But functional groups vary. Malathion (below)
functional group of
P(SO),. Parathion
(not shown) has
PSO,. These toxic
compounds are u
as insectici
are of n

Malathion « C, H,.O.PS,

10" 1976
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Hi-tech compounds are a variety of products that don’t
fit any other category. There is no pattern in the
formulas, or structures, but many contain ars
beryllium (Be), boron (B), silicon (Si), ti ), or
(Ti). Many are reactive, pyrophori d xic.
are flammable. Until proven
should all be treated as

,,,,,,,,
; | il

Dichlorosilane * H_SiCl, Phosphine * PH,
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The following salts and hydrocarbon derivatives share some
naming similarities, evident in the name endin

Salts

Cyanide Salts
Oxide Salts

Peroxide Salts
Binary Salts (-ide endin
Oxysalts (-ate endings

erivatives. Salts have names
etal element (except those containing the
. Hydrocarbon derivatives generally have
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Keep in mind, however, that there are different namin,
schemes, not all of which are as simple as the IUP.

naming system emphasized in this book. This

provides a foundation to help you reco haza A
materials and, in turn, begin predi ds a )
behavior. However, there is te h

multiple reference sour a inc

\

*
-
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Chapter 7

Fire Chemistry
and Chemical
Reactions
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We often use the fire triangle to identify the components
necessary for fire to occur. However, the fire triang
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The simple example of methane burning illustrates how
combustion by-products can further propagate a

as methyl (CH,) and atomic hydrogen (H
electrically balanced and must conabi

free radicals (O) ofd
all of these
the more st

h n (
io

e lfla

e pre

radi
om
on -
Introduction

of Oxygen
(ON]

able and will continue to
sence of sufficient oxygen.
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Products of combustion vary, depending on the fuel.
Carbon dioxide (CO,) and carbon monoxide (CO)
are usually produced in large quantities at any
fire. Carbon dioxide is a product of co te
combustion, which requires suffici 0
to react with all the available
oxygen content is insuf t t idize all

the fuel present, i plete bustion

s are present at most
evenly throughout.

burn can give off hazardous
ducts when broken down by heat. For
ples thé€ old extinguishing agent carbon tetrachloride
eases toxic phosgene gas (COCL).

(C
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Other common toxic fire gases include:

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

e Nitrogen oxides, particula
dioxide (NO,) and nit
also from mat i rogen

e Hydroge lori ials
contain lori
. lein H m cellulosic materials

-
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Oxygen content affects not just the fire gases produced but
also the intensity of the fire and how quickly it s

more readily and burn more fiercely. Fix
oxygen-deficient atmosphere, buigi
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Backdraft occurs when oxygen (air) is suddenly introduced
into an area where fire has been smoldering from

ignition of combu

]
become he ‘ ‘

tempe }
i A
“n,
flame ro cross the ceiling. A _/\
- & e
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Fire (combustion) is a form of oxidation. Oxidation is the
chemical combining of oxygen with any substanc
is rapid oxidation producing heat and light. H
oxidation takes other forms besides ﬁr
iron 1s an example of very slow oxi

**********

Ethyl Ether « CH,OC,H, —} Methyl Ethyl Peroxide ¢ CH,O0C,H,
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These reactions are also known as redox reactions (or
reduction-oxidation reactions), because when o
substance is oxidized, the other is reduced. Re
reactions are generally defined as ones ju

are exchanged. The electron exchamng

Sodium Fluorine
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The reaction on the previous page is also a synthesis
reaction (sometimes called a combination reactio
synthesis reaction, two or more substances co
form a new one. For instance, when hy
fluorine (F) combine, they create t
fluoride (HF) gas, which in so
corrosive hydrofluoric a
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Decomposition reactions are the reverse of synthesis
reactions; a single compound is broken down into
elements or molecules that comprise them. Fo
when ammonium nitrate (NH,NO,) ther, dec
the potentially explosive reaction pued
(N,0O) and water (H,0).
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In single replacement reactions, one element or
compound breaks away from its original “partner”
joins another. For instance, when sodium (Na) ed
to water (H,O), a hydroxyl (OH) group b 1
the orlgmal water molecule and 'o um )
resulting in flammable hydro
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In double replacement reactions, elements or compounds
from each substance change “partners,” forming
entirely new compounds. In the example belo
calcium carbide (CaC,) reacts with wat
molecules split. Their component
flammable acetylene gas (C
calcium hydroxide (Cal
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Acid-base reactions (or neutralization reactions) are
double replacement reactions between an acid an
base. The reaction below is a very dangerous o
two strong corrosives. Sulfuric acid (H and
p

hydroxide (NaOH) are on opposite H .
e a
téehni mpt

mixed, the reaction will gen
ust do 86 with a weak

heat. That’s why whene
to neutralize an agi
corrosive of

T
th

> Na,$0, + 2H,0

-
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Chapter 8

Toxicity
and Risk

We’ll close ook
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Hazardous materials can invade the body through several
routes of entry/exposure:

e Inhalation—the most dangerous
route. Lungs are very vulnera
injury, and chemicals th
lungs can be rapidly
bloodstream

s. Eyes and parts of the
re particularly susceptible.

horoughly washing one’s hands).

rough a cut, scratch, or puncture wound
ined at an incident.
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Hazmat emergencies generally result
in acute (one-time or short-term)
exposures, with effects manifesting
either immediately or within
hours or days. Effects of chronic
(repeated or long-term) exp
are often not detectable e

Local effec th exposed, while
ody.

b ore chemicals are involved, the
synergistic‘effect can produce dramatically different signs
an ptoms.
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Some materials are particularly insidious in
the damage they cause:

e Carcinogens cause cancer.

e Mutagens cause changes to t
material of cells (DNA and
can be inherited by

in physiological and behavioral effects.

g
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Several factors affect the risk to exposed individuals:

The toxicity of the material.

The form of the material (gas, liqui
Dose (or concentration) to whi
Duration and frequenc
Sex (if chemicals aff
Age. Young chi
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The terms exposure and contamination are often used

interchangeably, but they mean different things. ‘
A contaminated person is one who ha
hazardous material on his or her
posing a risk of secondary co i
to others. Someone wh on i d
is also exposed.
n

However, a ithout
nta! d. s include patients who have
g d those who have received a
a radiation. They pose no risk of secondary
tion.
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million (ppm) and parts per billion (ppb). Thes
straightforward representations of how much c
exists per million or billion units of the

sphe
concentration of 1% is equal to 1 P er ‘
The chart on the next p ho lat een
contaminant con i n coneentration.

The most commonly used units of measure are parts ier

imant

However, it’ at because oxygen

represents
n &

i

atr‘osp

d e
n
[ )

Oxygen (20.9%)

Nitrogen
and Other Gases
(79.1%)
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The chart below shows the relation between contaminant
concentration and oxygen concentration. At th
where OSHA defines the atmosphere as being o
deficient (19.5%), there can be 70,000 p
Many substances are deadly at far

Contaminant Conce
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Toxicity is sometimes measured in milligrams per cubic
meter (mg/m?3). There is no easy correlation be
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The relation between exposure and harm can be illustrated

by the Dose-Response Curve. It's the old familia g:
The dose makes the poison. Below a certain d,

a substance won't cause detrimental ef; in th (A
population being observed. Howe S ose ai,
so do the health

effects. This 0%

illustration is a

generic one e

dose-respo rve
i &di

LD
Dose (mg/kg)

LD LD

lo 50 100
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A relative hazard ladder Lbsp
shows the approximate
relation between various
exposure values. We'll look
briefly at those at the top
and bottom of the ladde
but we’ll focus pri 2 | for Emergency W<
those in th dle ‘- e

acti%eevel g
TESPO . Workplace
. STEL @ Environmental @
Exposure
PEL Limits
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At the bottom of the relative hazard ladder are workplace

environmental exposure limits (WEEL) establis

workers without any special protection. The ﬁ

represent the maximum concentratlon &
person in average health may be eate j

a day-to-day basis (40 hour
hours per day) with no ffe

is a legal

imit (REL) is a
om NIOSH.
Value—Time-Weighted
LV-TWA) is a recommended
rom the ACGIH.

174 e Toxicity and Risk

Books can be purchased through Firebelle Productions.



Evaluation copy only. Not for resale, field, or classroom use.

May not be printed in whole or in part.

Workers can exceed the permitted or
recommended exposure limits if they stay
within the short-term and ceiling exposure
limits below:

A Short-Term Exposure
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At the top of the relative hazard ladder are Lethal Dose
(LD) and Lethal Concentration (LC)—the exposure

LD,, and LC,, are the numbers most of e
1ndlcate that 50% of the test pop

the specified exposure. } n
‘

level that killed the first
Lethal dose i
liquids and
& eight.
ed for gases
sually expressed in parts per million

i grams per cubic meter (mg/m3). Itis
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An immediately dangerous to life and health (IDLH)
atmosphere is one that poses an immediate threa
would cause irreversible adverse health
effects, or would impair an individual’s
ability to escape from a dangerou

atmosphere. IDLH allows for
escape window of up to in
but every effort s it ® E
immediatel
as i

cological data, but where
i ificantly greater risk than toxicity,
be se 10% of the lower explosive limit.

Toxicity and Risk e 177

Books can be purchased through Firebelle Productions.



Evaluation copy only. Not for resale, field, or classroom use.

May not be printed in whole or in part.

Level of Concern (LOC) is one of the values

used most often for protecting emergency ‘
workers in the cold zone and citizens in
the surrounding area. It is generally
defined as 10% of the IDLH. Unli
the other limits, LOC has n

is simply a

just like 10
( ovi
eri
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Emergency Response Planning Guideline

(ERPGQG) levels from the AIHA provide an estimate
of concentrations where one might anticipate
adverse effects for exposures exceedin hour.

e Level 1: no more than mi
clearly defined objec
e Level 2: no irr,

n t h éffe
tiénabl I, f
se healt ects or
sympto hat t g protective actions.
ife-t h effects.
x ensive list of Temporary
X re Limits (TEEL) to provide guidance

. Le‘el 3

h
y
until th
to

publishes more ERPGs. TEELs are similar
s, but don’t specify a one-hour time frame.
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Sometimes it’s not possible to find all these exposure
values in reference books. However, IDLH and L
estimated if you know the TLV-TWA.

erefore, IDLH Is
10 Times the LOC or
30 Times the TLV-TWA )
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Odor threshold is the lowest concentration of a
substance in air that can be smelled. It’s
helpful to know the odor threshold and
where it stacks up against the toxicity

dangerous at concentrati

below the odor th .
ion: ubs S
od
in
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Acronyms and Abbreviations

ACGIH American Conference of Governmental Indust
ATHA American Industrial Hygiene Associatio

atm Atmospheres

CSTI California Specialized Traini )
DNA Deoxyribonucleic Acid

DOE Department of E

ERPG Emergency deline
IDLH i d Health
lied Chemists

aitls per Kilogram
grams per Cubic Meter
Millimeters of Mercury
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Acronyms and Abbreviations (contln d)

NIOSH National Institute for Occupational Safety and
OSHA Occupational Safety and Health Adm tion
PEL Permissible Exposure Limit

ppb Parts per Billion

ppm Parts per Million
psi Pounds per Squa
Redox

REL

RNA
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Index (continued)

Oxysalts 82-85, 88 ‘

Isomers 70, 103

Isotopes 52

Ketones 116, 120-121
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’
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