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Important Message
to My Readers

This book contains a simplified review of the most
important concepts taught in hazmat chemistry
classes nationwide. The topic is obviously more
complex, and ther ceptions not cov-
ered in this book.

§

Be smart and be sate: ook to brush up on
the basics, but supplement h other resources
for a more thoro nding of hazmat
chemistry.

SAMPL
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Terms and Definitions

Vapor Pressure

Vapor pressure is the force exerted by the vapors
of a product against the atmosphere or the sides of
a container. It is a gigpifica tor in determining
how readily a matetial &@porates and how readily
its vapors become how easily those

vapors can endang-mat incident.

Vapor pressure is normally rraured in millimeters
of mercury (mmHg) ). Two other com-
mon units for meas essure are pounds
per square inch (psi atmospheres (atm). Al-
though there are ot se are the ones we see
most often in the h

760 mm| =1atm

solid reaches 760
sea level, the ma-
the point of maxi-

If the vapor pressurt
mmHg (atmospheri
terial will reach its
mum vapor product

While there is no official
“safe” vapor pressu nsafe” vapor pres-
sure, common sen that a product whose
vapor pressure is Iessw of water probably
isn't going to “reach out and totich someone” who
follows the basic prﬂl late and deny en-

try” Water has a vapo, of 175 mmHg at
68°F (20°C).

g line between a

Obviously, you must look at a product’s other prop-
erties and at incident-specific factors to evaluate
overall risk, but if you know the material has a low
vapor pressure, it should take your stress level
down a notch.
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Vapor pressure is temperature-dependent. The
higher the temperature, the higher the vapor pres-
sure. The chart below shows the vapor pressure of
water at different temperatures.

760 mmHg P

/
/
/

700
600
500
400

Vapor Pressure of Water

300 | 17.5 mmHg
@ 68°F/20°C 289 mmHg
200 1l
100
32°F °F 122°F 167°F  212°F
0°C 50°C 75°C  100°C

S
The chart below ter with four other

substances. Notice that while they’re all fairly close
at 32°F (0°C), thei res vary widely as
the temperature in higher the vapor
pressure at any give ture, the greater the
potential risks.

3000
~~~~~ Acetone

:fE:” 2500
£
E 2000 - Hexane
3
g 1500 —-Benzene
2 4000
3 — Water
S 500

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

Caution: The nerve agent sarin is often described
as being “volatile,” because sarin has the highest
vapor pressure of t rve ts. However, with
a vapor pressure 0M1 mHg, it is far less
“volatile” than water. eminder of why it's
important to look b etimes misleading
English descriptions to dete the chemical and
physical properties e.

Vapor Density

Vapor density is th weight of a vapor or a
gas compared with of air. All vapors
and most gases are air. Only a handful
of gases are lighter than air:

Gas apor Densit

Hydrogen 0.07
Heliu 0.138
Natural G 0.550
Methane 0.553
Ammonig = 0.589
Hydrogen FI 0.690
Neon N 0.696
Acetylene 0.898
Hydrogen C 0.932
Dibora 0.954
Nitroge 0.966
Ethylene J 0.967
Carbon Monoxide 0.967

* Natural gas consists mostly of methane, with
varying amounts of other gases and odorizers.

** Ammonia becomes heavier and will hover near
the ground if it absorbs moisture.

Terms and Definitions ¢ 9



Vapor density can be calculated by dividing the mo-
lecular weight of an element or compound by 29
(the molecular weight of air). Molecular weight is
the combined weight of all atoms in a compound.
The atomic weight of each element is indicated
on the periodic table of elements. (This will be ex-
plained in Chapter 2.)

Vapor density is in!pemm’ other factors. How-

ever, external con ‘ect where a vapor
or gas is found.

* Because temperature affe!s vapor pressure,
temperature alsbate at which gases

and vapors disp .

¢ Moisture in the here can be absorbed
by gases and v ing them to be less
buoyant.

e The lower atmo i ures at higher el-
evations will allof vapors to disperse
more readily.

e Wind and air cu%ct how well gases
and vapors mix “with the atmosphere and how

easily they disperse.

* Lower concentr
perse more readily tha

Flammability r

Flash point is the rdnperature at which
a liquid produces enough vapor to form an ignitable
mixture in air. The vapors may ignite if an ignition
source is present. However, the flame does not
continue to burn when the source of ignition is re-
moved; rather, the vapors flash and are consumed
by the flame.

ases and vapors dis-
concentrations do.

10 « Terms and Definitions



Flash point is generally considered the most impor-
tant property in assessing flammable liquids. The
lower the flash point, the greater the hazard.

Fire point is the temperature at which enough vapors
are given off to support continuous burning after the
source of ignition has been removed. The fire point

is generally just a ferareeﬂove flash point.

barely rich enough
to flash if ignited

ich enough to support
mbustion if ignited

(m Fire Point

Liquid at
-45°F / - -40°F /-40°C

Flash point and fire -the temperature of
the liquids rather than to the vapors they produce.
The flash point of H as kerosene and
diesel fuel, may b range of tempera-

tures instead of a si ture, because the
flash point can va on composition.
Reference sourceswill sometithes also list flash

points for volatile solids—solidsfthat evolve enough
flammable vapors u conditions to pose
a flammability risk. nt'and fire point don’t
apply to gases.

Ignition temperat
required to cause s€lf-
pendent of an ignit e.4Simply put, it's the
minimum temperature material must be
exposed before it will ignite. It is also the tempera-
ture the ignition source must be. (See also pages
64 and 65 for the relation between molecular size,
flash point, and ignition temperature.)

imum temperature
edicombustion, inde-

Terms and Definitions * 11



Ignition temperature is sometimes difficult to mea-
sure and should be considered an approximation.
Ignition comes in two forms:

* Pilot ignition involves an external ignition source
(e.g., a water heater pilot light or a lit cigarette
igniting gasoline vapors).

« Autoignition is ﬁm’ elevated tempera-

ture. In afire, fo vection carries hot
air and gases to f a building. When

the atmosphere becomeﬁ enough that these

gases reach theit ignition temperatures, they will
ignite without thm of any other igni-
tion source. Thi hover.

A few substances
nition. Animal and
linseed oil) are go
oxidize when expo
process. If the heal
will accelerate the
then spontaneously i
oily rags left lying i

ject to spontaneous ig-
ils (e.g., mink oil and
The oil will slowly
0 air, génerating heat in the
issipate fast enough, it
flammable vapors,
e vapors. This is why

Flammable (explosive) range is the percentage of
vapor in air within whichi i

¢ Below the lowe sive limit (LEL), vapors
are too lean to burn.

¢ Above the uppeﬁ
are too rich to bun.

imit (UEL), vapors

Sometimes you will see thﬁms lower flamma-
ble limit (LFL) and upper flammable limit (UFL)
instead. They mean the same thing as lower and
upper explosive limits.

12 « Terms and Definitions



The wider the flammable range, the greater the
span at which ignition is possible and the greater
the risk. Conversely, products with narrower flam-
mable ranges will present less of a fire hazard.
Other factors, like flash point and vapor pressure,
also affect the overall flammability risk. However,
all things being equal, the greater the flammable

range, the greater tlrwq

Only atmospheres Me LEL are safe to
enter. OSHA prohi in confined space
atmospheres with more tha 6 of the LEL. The
EPAs recommende r environments is

25% of the LEL. B % and 25%) leave
a good margin of effor to guard’against everything

from fluctuations in emical concentration to
defective monitors in interpreting the meter

readings.

10% LEL (OSHA Cofifi ifhit)
25% LEL (EPA Confined Spaces)
Margin
Safel» for E?rlor reat Zone) 4‘

..mma' le
Harn e Too Rich
to Burn

Too Lean
to Burn

0%

the UEL, never co be a safe atmo-
sphere, because the v ncentration may drop
to within the flam ruduring emergency
operations.

Terms and Definitions ¢ 13



The distinction between flammable and combus-
tible liquids is in their flash points. The U.S. Depart-
ment of Transportation (DOT) uses a cutoff of 140°F
(60°C), which comes from the hazardous materials
regulations sponsored by the United Nations for in-
ternational transportation.

¢ Flammable liq are"génerally defined as
those with flas pcMn more than 140°F
(60°C).

¢ Combustible liquids arjse that do not meet
the definition of other hazard class and have
flash points abohC) but below 200°F
(93.3°C).

In contrast, the Nai

e Protection Association
(NFPA) and the Safety and Health
Administration (O a flammable liquid
as one whose flash point does not exceed 100°F
(378°C) and a co i ifuid as one whose
flash point is 100°F igher.

Another way to thi t flammable liquids
can ignite easily at eratures, whereas
combustible liquids must be heated first. This is not
a precise definition, i ndy approximation
for field use.

Note: The word inflarW a confusing term,
because the prefixas,is used to mean “not.”
However, inflammable lammable. It does
not mean nonflam

A
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Water Behavior

Specific gravity is the weight of a liquid compared
to an equal volume of water. Water weighs 8.345
pounds per gallon. However, since it is the standard
against which all other liquids are measured, it is
said to have a specific gravity of 1. Specific grav-
ber relative to the

ity is generally repor ‘1
weight of water (e.g: bﬁe iS 0.88).

In general, an immi nce with a specific
gravity less than one (<1) at on water. It is

a floater. An immisgible substanhce with a specific
gravity greater thanmmk in water. ltisa
sinker. A miscible swimmer.

-

Immiscible Miscible

Substance Substance
(Floater) (Swimmer)
Specific

Gravity <1

%Cted by both spe-
cific gravity and miscibility. terms miscibility

Notice that water b

and solubility are often useddatérchangeably. How-
ever, miscibility re ility of products to
mix, or form a unif nd. Solubility refers to

the ability of a product to

Chemicals that mi
soluble (water-soluble)
don't are called im , insBluble, or nonpolar.
(Polarity is explained on the following page.) Mis-
cibility may be indicated with relative descriptions
(e.g., “slightly soluble”) or by percentages.

e called miscible,
, while those that

Terms and Definitions ¢ 15



Solubility is determined by polarity, which is a re-
flection of how strongly one atom attracts the elec-
trons of another atom in a compound. Magnets
make a good analogy for polarity. With their positive
and negative poles, magnets are strongly attracted
to each other.

=l =

opposite char ract

Polar substancemsitive and nega-

tive poles in the fo atoms that differ in their
electronegativity; t rons between them are

drawn more stron ment in the com-
pound than to the is not the case in
nonpolar substances.

Polarity is directly -cibility Since “like
dissolves like,” water ve other polar sub-
stances (like most not nonpolar sub-
stances (like hydro Hs polar substances

are water soluble.

water-soluble, but
ngnpolar substances.
gasoline.

Nonpolar substan
they may be solub
For example, wax will dissolv

Temperature affeor
warmer the solven ce used to dissolve
something else into greater its capac-
ity to dissolve the solute (the substance added to a
solvent). For example, it is easier to dissolve sugar
into hot tea than into iced tea. Thus a hazardous
material may be more soluble on a hot day than it
is on a cold one.

In general, the

16 * Terms and Definitions



Gases behave differently; the warmer the solution,
the less soluble gases become. Carbonated bev-
erages, for example, go flat (lose carbon dioxide)
more quickly when warm than when cold.

Understanding water behavior can sometimes help
you assess the dangers even when dealing with an
unknown substancrvoduwat are lighter than
water are usually fl ombustible hydro-
carbons. Those t er than water are
usually toxic. Of co re generalizations,
not hard-and-fast rules you uld stake your life
on. But when no ot yet available and

you need some dir hich to develop an
initial action plan, these little tidbits of information

provide a fairly reliaHing point.

Water reactivity is al rn, but we'll look at
that shortly, when ical reactivity.
Physical Chanul Reaction

In a physical reaction IS undergo a change
in form (solid, liqu ,.but not in chemi-
cal composition. factor in physical
change is usually temperature.

¢ Melting is a chal to liquid (e.g., ice
turning to water). rature at which it
happens is called the melii oint.

* Freezing is a crf uid to solid (e.g.,
water turning to i emperature at which it
happens is called point.

¢ Vaporization is a change from liquid to vapor

(e.g., water turning to steam). The point of maxi-
mum vaporization is called the boiling point.

Terms and Definitions ¢ 17



¢ Condensation is a change from vapor to liquid
(e.g., steam from a hot shower condensing on a
mirror).

* Sublimation is a change from solid to vapor
without the material ever passing through the lig-
uid state (e.g., as seen with dry ice).

¢ Deposition is amawro gas to solid. It's a
rare reaction as nuclear blasts.

As indicated on the previo
is the point of maximum vap
specifically, it is th
por pressure at th
to or slightly greate
meaning that indivi
ily break through t
form, escaping int ere. The lower the
boiling point, the g ard potential.

ater the
Temperature can ”ickness of a liquid
—its viscosity—wit changing its physical
state. Viscous liqui high viscosity) are
thicker liquids, like i

hinner liquids, like
water, are less viscous.

ge, boiling point
production. More
e at which the va-
the liquid is equal
n atmospheric pressure,
lecules are able to eas-
the liquid in vapor

Chemical Cha ical Reaction

Ina chemical reactiom undergo a change
in composition. A nce is formed—one
that has its own cﬁ hysical properties
and hazards. For , when methane (CH,)
burns, the molecul rt. However, the

individual atoms combine with oxygen in the air to
yield hydrogen (H,), carbon monoxide (CO), carbon
dioxide (CO,) and water vapor (H,0).

18 * Terms and Definitions



Incompatible chemicals are those that react with
each other in ways that generally produce negative
consequences. The reactions can range from rela-
tively mild to catastrophic, depending on the type
and quantity of chemicals involved. Acids and bas-
es, for example, are incompatible with each other.
If the two mix, they can generate a tremendous
amount of heat. r controlled condi-

H
tions, weak corrosi\,!s caige a!ded to neutralize a
spill of the opposite-

Materials that are air-reac
pose, or release en osed to air. Some
of these reactions iolent. Air-reactive
materials are also called py oric.

Technically, pyrophAteriaIs are those that

react in dry air ver: However, never
assume that the w on a warning la-
bel, on a material safety data sheet (MSDS), or in
a hazardous materi source is meant to
exclude reactivity to t everyone writing
these documents will e precise definition
of a word before u e that pyrophoric
materials will also ct‘M:sture until you've
determined otherwise by checking at least three
reference sources.

ill ignite, decom-

Water reactivity is cy, of a material to re-
act, or chemically change, uponicontact with water.
Reactions can rang severe. The more
reactive chemicals /€an selflammable gases,
toxic gases, and/or e sdlutions, generating
a lot of heat in the pr . 4action that gener-
ates heat is called exothermic.) Some materials
can react explosively when exposed to water, rip-
ping the water molecules apart to liberate oxygen.

Terms and Definitions ¢ 19



Polymerization is a chemical reaction in which
small compounds (monomers) react with them-
selves to form larger molecules (polymers). Double
bonds between carbon atoms (below left) are not
as stable as single bonds. However, open bond-
ing sites (unpaired electrons—below right) is an
unstable condition that nature won't allow for long.
So when the doub ken, the monomer
will react (bond) wi mo omers to form new

compounds—polyr-

Compounds with d between carbon
atoms are prone rization.  Human
intervention is not required. ever, catalysts can
be used to initiate or spee reaction, whereas
inhibitors can be r stop a reaction.

Uncontrolled polyme very dangerous.
Polymers are not as dense as monomers; they take
up more space. T Iso generates heat.
Overpressurizatiol cah cause catastroph-
ic container failure yreaction begins, it
cannot be stopped.

20 * Terms and Definitions



Elements and Compounds

Matter

Matter can be organized as illustrated below.

———
Initially, matter is diyi i e substances and
mixtures:

¢ A pure substances enous one—every
sample of the ce is identical in
composition.

more elements or
compounds that ically mixed but not
chemically bonded. ntly, mixtures can
vary from one sample to another.

¢ A mixture consi

Although most hazgdrd ials we encounter
are mixtures, hazm %classes usually fo-
cus on pure substances, be e it is far easier to
make generalizations about them. (This book also
focuses on pure substances.) However, when a
pure substance is the major component of a par-
ticular mixture, you are well on your way to under-
standing its hazards and characteristics.
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Pure substances are divided into elements and
compounds:

* Elements are represented by a single capital let-
ter or by a capital letter followed by a lowercase
letter. Examples: hydrogen (H), oxygen (O), so-
dium (Na), and chlorine (Cl).

« Compounds (nxmuwsist of two or more
elements that ly bonded. Com-
pounds are re formulas showing
multiple elements. Exa : water ( ) and
sodium chloride (NaCl

Compounds can b*ﬂ to release simpler

substances (the individual elements), whereas ele-

ments can’t be br n |nto anything simpler

without getting int structure (protons,
neutrons, and elec

mls nonmetals, and

¢ Metals generall us (shiny) appear-
ance and are g s of heat and elec-
tricity. They are’ malleable (can be hammered
into sheets) and ductj e drawn into wires).
Most metals are natural states. The
exceptions are g), cesium (Cs), and
francium (Fr), all of whic liquids.

Elements are divi
metalloids (or sem

t lustrous, are not
good conductor neither malleable nor
ductile. All of th are either solids or
gases, with the exception of the liquid element
bromine (Br).

* Nonmetals ge

Metals and nonmetals are arranged on the periodic
table of elements as shown on page 26.

22 « Elements and Compounds



While periodic tables draw a definite distinction be-
tween metals and nonmetals, the distinction is not
as absolute as it appears to be.

¢ Metalloids (or semimetals) are elements im-
mediately surrounding the dividing line between
metals and nonmetals. They tend to have prop-
erties of each. T etalllare boron (B), sili-
con (Si), germanitim , arsenic (As), antimony
(Sb), tellurium ( ium (Po). Further
discussion of m yond the scope of
this book. ‘

Sometimes two or rm? mixed to create

metal alloys, such . e alloys, such as

steel, contain a sma entage of nonmetal ele-
ments. Further dis“of alloys is beyond the

scope of this book.

Compounds are divided into salts and nonsalts:

* Most salt comp-st of a metal ele-
ment bonded to onmetal elements.
etal elements in

on re
(A few exceptio
them. They are in{Chapter 4.)

* Nonsalt compound

solely of nonmetal

elements.
Nonsalt compounds ananic or inorganic:
* Organic compo ived from living (or
once living) orgapis moaost all of them con-

tain carbon-hydro

¢ Inorganic compounds are not derived from liv-
ing (or once living) organisms and do not contain
carbon-hydrogen bonds.

Elements and Compounds ¢ 23



It's commonly considered that organic compounds
are those containing carbon, whereas inorganic
compounds are those without carbon. However,
several compounds containing carbon are classi-
fied as inorganic. Examples include carbon dioxide
(CO,), sodium cyanide (NaCN), calcium carbonate
(CaCO,), and carbon tetrachloride (CCl,). So it's

more accurate to rwitions on the previ-
ous page.
Organic compounMydrocarbons or hy-

drocarbon derivatives. ‘

¢ Hydrocarbons -carbon and hydro-
gen atoms.

* Most hydrocar

ivatives contain carbon
and hydrogen, i her nonmetal ele-
ments, such a: ogen, or chlorine.
However, these materials are’all derived from the
basic hydrocarb e name hydrocar-
bon derivatives.

The Periodic Tﬁnents
The periodic table of elements displays elements
according to their atomi re. Periodic tables
typically show the mation:

e Atomic number \
* Atomic weight

e Element symbol’

An element’s position on the periodic table provides

* Element name
some basic information on its basic characteristics.
We'll look at a few examples in the following pages.
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Metals are located on the left side of the periodic
table; nonmetals, on the right. (Notice the dividing
line between metals and nonmetals.) Hydrogen,
which is located in the upper left-hand corner above
the thick dividing line, is also a nonmetal.

Vil

(N tal
_L( onmeta) rv‘ AR

Nonmetals

and larger as you look
significant with respect
, and other related

Elements become
lower on the table,
to vapor density, s
properties.

There are three mm the periodic table.
The representativ n either side of the

table are the most | the study of haz-
ardous materials b H category, they are
more chemically active than transition metals

and rare earth elements.

13 14 15 16 17—
v v Vv

Representative
Elements

Elements

Representative

T T [ T T T T T T T T T T
|—[ Transition Metals (Rare Earth Elements) ]—I
S S A A O
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Roman numerals above each column in the repre-
sentative elements indicates the number of outer
shell electrons for each element. The number of
electrons in the outermost shell is the characteristic
that most influences chemical bonding (reactivity).
This will be explained in the next chapter.

Elements are group rtical families based on

their chemical beha mémbers of the same
family have similar

Macteristics, though
each will also have i properties.

The four families highlighted below are the most
predictable; the sihen each member
of the family are gr hin other families.
It is primarily becau member has the same
number of electronmtermost shell.

Alkali Metals - Noble Gases

Alkaline Earth Metals Halogens l
|

Group | - The alkali metals argithium (Li), sodium
(Na), potassium (K j Rb), cesium (Cs),
and francium (Fr).

These elements are a‘nd highly reactive.
When in contact with water, they produce flammable
hydrogen gas, a strong caustic runoff, and exces-
sive heat. These elements are quite soft compared
to the metal goods we're used to seeing. They can
be cut with a knife, much as one would cut through
a block of clay.
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Sodium and potassium, the most common of the
alkali metals, will ignite spontaneously if exposed
to moist air. Sodium will ignite even on contact with
dry air. Contact between these metals and water
rips apart the water molecules, allowing other com-
pounds to be formed from the individual elements.
Sodium and potassium combine with free oxygen
and hydrogen atonr highly corrosive so-
dium hydroxide (NaO tassium hydroxide
(KOH) solutions, re ee hydrogen atoms
combine to form th able hydrogen (H,)
gas. The heat generated f his violent reaction
with water is enou e metal and ignite
both the hydrogen by combustibles.

Group Il - The alkali rth metals are beryllium
(Be), magnesium alcium (Ca), strontium

Ha’
These elements are flammable and often water-

reactive, though | the alkali metals
(Group ). The alka als are harder than

the alkali metals, bu compared to many
other metals. Sol s containing these
elements are very {oxic:

A common exampl
which burns with

(Sr), barium (Ba),

oup is magnesium,
ite flame. With an
ignition temperature ), magnesium
is relatively difficult to ignite in Block form. However,
the risk of ignition r proportion with the
amount of surface /are to air, so powder,
dust, chips, and s nt a significant fire
hazard. Magnesiu eJater—reactive when
burning. Water will intensify the fire as the water
molecule is broken down to form oxygen (O,) and
hydrogen (H,). Even water molecules not ripped
apart can be instantly converted to steam by the
heat of the fire, causing a steam explosion.
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Group VIl - The halogens are fluorine (F), chlorine
(Cl), bromine (Br), iodine (I), and astatine (At).

These elements are highly reactive and toxic. They
are nonflammable, but they are powerful oxidizers
that support combustion.

Chlorine, with its ¢ teristi
the most common [halGger.
with moisture in the e skin to form cor-
rosive hydrochloric ven more destruc-
tive to human tissue is hydro‘x: acid (HF), which

is formed when flugrine reacts®with water. Again,
these gases don't b , chlorine and fluo-
rine in particular ar ul oxidizers—more

powerful than oxygengi —that fires can burn in-
en when no oxygen is

uffocating odor, is
lorine gas reacts

tensely in their pre

present. H

Group VIl - The e gases are helium (He),
neon (Ne), argon (Kr), xenon (Xe),
and radon (Rn).

These gases are in
ants that are often
genic liquids (colder than -130°

e simple asphyxi-
nsported as cryo-
-90°C).

The primary risks th these gases in
an uncontrolled rel relfrostbite and asphyxi-
ation from oxygen displace The high expan-
sion ratios associat it enic liquids greatly
increase the risk of fata ontainer failure in
the event of a fire o enaiio where the prod-
uct temperature is e Jnd the capacity of
pressure-relief devices.
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Dieter’s Top 13 Nonmetals and Metals

The periodic table can be overwhelming. Thus in
his hazmat chemistry classes, respected instructor
Dieter Heinz uses “Dieter's Top 13” to help focus
attention on substances most commonly encoun-
tered and/or of greatest significance to hazmat
technicians. YourMmay see more of
some elements than others, dépending on the in-
dustries present.

MOwing the focus to
the elements most r significant to your

community makes the peri(ﬂtable much less in-

timidating. M
Dieter’s Top 13 N grouped based on

their most common

e Carbon (C) and
chemicals, parti

* The halogens i chlorine (Cl), bro-
mine (Br), and i most often found
in oxidizers. Oxyg of course, is also an

oxidizer.

are found in many

icals and those used in weap-
often contain phos-
or sulfur (S).

¢ Agricultural che
ons of mass destru
phorus (P), nitro

* The elements most ofte ountered in the hi-

tech industry art silicon (Si), and arse-
nic (As).
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Carbon and hydrogen deserve special mention. As
emphasized earlier, almost all of the compounds
classified as organic are those containing carbon-
hydrogen bonds. It's estimated that about 90% of
all known compounds are organic, and more than
95% of all known compounds contain carbon. It's
not because carbon is the most abundant element.
Rather, it's a very r%ﬂwent, as you'll see
in the chapter on chemical bofiding. It can bond
with up to four othe ding other carbon
atoms. It can form iple bonds. It can
bond in long chains or ring s res. So it's no co-
incidence that haz

i classes put such a
heavy emphasis on and hydrocarbon
derivatives.

Dieter’s Top 13 MeAe many uses. Some of
the common ones ighli below:

* Metals used to ¢ icity (AC or DC) in-
clude aluminum (Al), er'(Cu), gallium (Ga),

lithium (Li), silver Mium (Na).

* Metals commonly used in nuclear energy ap-
plications (for example, to transfer heat out of
nuclear reactors) include sodium (Na), thorium
(Th), and zirconium (Zr).
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* Metals and their alloys commonly used in the con-
struction of buildings, vehicles, and aircraft include
aluminum (Al), beryllium (Be), gold (Au), lithium
(Li), and zirconium (Zr).

¢ Metals and their alloys commonly used in tools
and utensils include aluminum (Al), beryllium

(Be), chromium W ), and silver (Ag).

* Metals used in t d dental industries
for diagnostic or rposes include bar-
ium (Ba), lithium (Li), m‘y (Hg), silver (Ag),

and sodium (Na

* Metals common~welry include gold
(Au) and silver (Ah

Element Form

Most elements exism their natural states.

The elements thathexi ses are hydrogen,
nitrogen, oxygen, ine, and the noble
gases (helium, neon, krypton, xenon, and ra-

don). Periodic tabl entify bromine, ce-
sium, francium, an liquids. However,
some elements are borderline and may exist in dif-
ferent forms, dependi ient temperature.

color, solid elements
gaseous elements
ue. (Some printers

The basic building block of any substance is the

atom. Each atom has a nucleus (center) and one
or more shells.

If a periodic table i
are generally printed in
in red, and liquid e
may use other col

Atomic Structu

32 ¢ Elements and Compounds



Within the nucleus are protons and neutrons. Ev-
ery element has a specific number of protons, which
corresponds to the atomic number of the element.
Some elements have an equal number of protons
and neutrons, but it’s not unusual for elements to
have more neutrons than protons.

Nucleur

One or
More S|

Protons
and Neutrons
Electrons

Electrons orbit the h the way planets
orbit the sun. Thes re said to reside in

shells (sometimes called orbits or rings). How ele-
ments interact with ther is primarily a func-
tion of their electrons. This'Will be explained in more

detail in the next ch

An atom’s atomic s from its protons
and neutrons. Ele light that they are
considered essenti ss. Protons and
neutrons each wei rred to as one (1)
olecular weight is

or molecule.
Protons and electro! elgctrically charged, pro-

tons positively (+1) an s negatively (-1).
Neutrons have no electri rge; they are neutral.
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Atoms must have an equal number of protons and
electrons to ensure a balance between positive and
negative charges—to ensure the atom is electrically
neutral. But when some atoms react (bond) with
other atoms, they either gain or lose electrons, be-
coming “charged” in the process. These charged
atoms are called jons. (Chemical bonding is cov-

ered in the next ChN‘

Periodic tables s
stable, form of ea
ments have two or more i
variations of the sa
the number of neu

ommant or most
owever, many ele-
Isotopes are
he dlfference being
cleus.

Iement have the same
chemical propertl heir physical properties
may vary. For ex 4 (with six protons

;-Me whereas carbon
in its predominant with siX of each) is not.

Isotopes of the s

and eight neutron

Again, an atom ca
the nucleus. The nu
most shell is the ¢
chemical bonding
ermost shell electrons are als
electrons.

shells surrounding
electrons in the outer-
at most influences
ctivity). These out-
known as valance

Hydrogen and heli all that they each
have only one shell. Hydrog as one electron on
that shell, while heli h . All other elements
are large enough t more shells.

First Shell - Maximum of 2 Electrons
(First Shell Always Has 2 Electrons
If There Are Additional Shells)

Outer Shell - Maximum of 8 Electrons

Intermediate Shells -
Most Filled with 8 Electrons
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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 outer (or outermost) shell can have up to
eight electrons. Most intermediate shells have eight
electrons. (Some metals play by slightly different
rules and can have differing numbers of electrons
on their intermediate shells, but that is beyond the
scope of this book. MSt shell is the one
we care about in hazmat €hemistry.)

The periodic table
shell electrons in the repres
indicated by the Ro
the top of the table.
outer shell electron,

ements
and so forth. A

Gro ts
Number ctrons

number of outer
ive elements. It is
group numbers at
Group | have one
Group Il have two,

Vi
v v vni/@
o
Group : Group VI:
One Outer Six Outer
Shell
Electron Electrons

Elements in Group
only elements who
maximum capacity. As
bond with other elements. _Only those elements
whose outermost s| d to the maximum
are eligible to play the g dame.

le gases, are the
ost shells are filled to
noble gases won't

1)
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Chemical Bonding

Why Elements Bond

All atoms must have an equal number of protons
and electrons to be electrically neutral. However,
to be stable, an ato ust a completely filled
outer shell (two ele¢troff§iBf hydrogen and helium,

eight on all others)-a conflict and thus

the basis for chemi

Elements in Group VIII, the“ale gases, already
have filled outer s y have no reason
to react (bond) with ts. They are inert.
(Inert doesn’t mean less. Remember, these
gases are simple a: ts that are often stored
or transported as ¢l iquids, making them a
thermal hazard witl ion ratios.)

All elements other t
shells that aren't fill
electrons, so they mus

full outer shell.
Hydrogen, with only one she' needs one more

electron to obtain a total This is called the
duet rule. All othe ttempt to achieve
eight electrons on ut@rmost shells. This is
called the octet rule.

I’ 26}

Octet Rule —

gases have outer
ximum number of
others to create a
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Types of Bonds

lonic bonds are formed by the transfer of electrons
from a metal element to a nonmetal element. Metal
elements donate electrons from the outermost shell,
essentially shedding the outer shell and exposing a
filled shell beneath it. Nonmetal elements accept

the donated electrom? up with filled out-
er shells. Shown b€low iS'soditm chloride (NaCl).

While the two ele
longer electrically
ment donates elec
charge (protons ou
when the nonmet
left with a net negative charge
protons). A charged atom j
ly charged ions (
tively charged ions

stable, they’re no
hen the metal ele-
with a net positive
trons). Conversely,
epts electrons, it’s
ectrons outnumber
d an ion. Positive-
tions, while nega-
Is) are anions.

Element Electron Transfer 1oh Formed Charge

metal cation positive
nonmetal anion  negative
Oppositely charged i aﬁéach other, forming

a strong bond that holds them together. Although
there has been a transfer of electrons, the atoms
involved cannot stray far because the ions can’t ex-
ist by themselves. The union of a metal element
and one or more nonmetal elements creates a salt
compound. (Salts are covered in Chapter 4.)
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Covalent bonds are formed between two or
more nonmetal elements. These elements share
electrons rather than transfer electrons. Their out-
ermost 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 (CH ).W ns are covered in
Chapter 5.) )

M "
@ . -

Covalent compounMed of nonmetal el-
ements only. Most 0] azmat technicians
encounter consist r'on, hydrogen, and
oxygen in various eombinations. The bulk of the

covalent compounds that in other elements
are limited to nitrog us, sulfur, and the
halogens (chlorine, , bromine, and iodine).

A covalent compound existin
identical atoms is ¢
in the case of gas
molecules include o

omic gas). Diatomic

%drogen (H,), nitro-
gen (N,), fluorine (F,), Chlori ), bromine (Br,),
and iodine (1,).

Diatomic
Molecule of 0 0
Oxygen (O,)
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When compounds contain resonant bonds, the
electrons rotate or alternate very rapidly between
the carbon atoms as illustrated with the compound
benzene (CH,) below. Benzene’s ring structure can
be represented either by elements connected with
dashes or by a ring within a hexagon. (These aro-
matic hydrocarbons are also nonsalt compounds.)

Alternate
,, oy Method of

Drawing the
Rlng Structure

\\ 7/
Resonan
Rotate B
Carbon oms

The chart below s

types of bonds.

Bond lectrons Result
ionic metal ransfer salt
covalent  nonm share  nonsalt

resonant nonm? share  nonsalt

Each bond stores rgm energy) that is re-
leased when the bond is brol The amount of en-
ergy released will amount and type
of elements that ¢ e“bond and on what
causes the bond to b Some compounds
can release a tremendous amount of energy (in the

form of heat and Iigr/ ir bonds are broken.

Relation to Fou yof Elements

Now that you've seen the relation between outer
shell electrons and chemical bonding, let’s go back
to the periodic table and to the four families of ele-
ments considered so important to your understand-
ing of hazardous materials.
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¢ Group | - The alkali metals were described as
highly reactive. Any element with just one elec-
tron on its outer shell is so close to the ideal (sta-
ble) condition of having a filled outer shell that it
reacts vigorously to donate that one outer shell
electron to any element that needs it.

e Group Il - The ine T metals are also
fairly reactive, but'no e Same degree as al-

kali metals. It tam to shed two outer
shell electrons th hed one, so these
elements aren't quite as “f‘/ated."

« Group VIl -The Malso one electron
away from havin r shell, so they’re
highly reactive to owever, they're different
from the alkali meAey have seven electrons
on their outer sh Il readily grab one
more electron frﬁ element with one
or more to donate in an ioniC bond. But they’ll
also share electrt metal elements to

form covalent bo
¢ Group VIII - Th s have filled outer
shells already. T ason to react with

other elements. They are inejt.

Noble Gases
Halogens }

Alkali Metals
| Alkaline Earth Metals
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Chemical Formulas and lllustrations

Chemistry textbooks often contain illustration styles
that look considerably different from those you will
see in this book or in a hazmat chemistry class.
I's because we're not looking at chemistry per se.
We're looking at concepts that explain the behavior

of hazardous mater

v‘
Dash style illustr: e simplest for pre-
senting the conce rtant to the study of
hazardous materials. The Tple below is ethyl

alcohol (ethanol). Rashes représent the bonds be-
tween atoms. Mos
(=) or triple (=).

). Some are double

ol)
C, ,OH

Chemical formulas&eral forms:

¢ The illustration above for Icohol is its struc-

tural formula.

* Ethyl alcohol is mo itten as C,H_OH, but
its condensed structural formula (CH,CH,OH)
identifies how thr rranged.

* A molecular for Hig identifies only how
many atoms of e are present. Mo-

lecular formulas don't distinguish between differ-
ent compounds with the same ratio of elements.
For example, ethyl alcohol (C,H,OH) and dimethyl
ether (CH,OCH,) have the same molecular formu-
la (C,H,0), but the atoms are arranged differently.
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Isomers

Some products can have the same molecular for-
mula but different molecular structures. These prod-
ucts are known as isomers of each other. Shown
below are propyl alcohol and isopropyl alcohol.

P+ .

| 9 |
¢-¢-C-n
HHH

-6-6-0
HHH

Propyl Alcohol propyl Alcohol
C,H,OH C,H,OH

Shown below are is‘f xylene.

H_

Y
Ho¢
H ne * CH,(CH,),
H-C-H
| ene (top left)
- e or o-xylene)
1,W2ene (top right)
| -
H- ?— H
H

These illustrations are provided to give you a visual
idea of what isomers are. You don’t need to know
what isomers look like. Rather, you need to under-
stand what isomers are.
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The following are some additional key points to
know about isomers:

Despite having the same formulas, isomers can
have measurably different characteristics and
hazards. These differences can be slight or sig-
nificant. Even a 20°F difference in flash point,

for example, is h t nge the risks at a
hazmat incident' % '

Is have more than
ropyl alcohol and

Names matter.
one name. For exam
propanol are the same thi However, propyl
alcohol and iso | are not the same
substance. So ou get the names
correct at a hazmatgineident.

Prefixes matter.
only a single lett
page. Even iso¥can be s
dismiss this as €|
chemical names

those prefixes are
ed on the previous
rtened to i-. Don't
ise when looking at

Numbers matter.
examples on th
the bonds are located on th
don't need to know
but you do need
something. Aga

used in the xylene
ge identify where
ring structure. You
bonds are located,
the numbers mean
iss this as extrane-

mical names.
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Salts

General Overview of Salts

Most salt compounds are formed through an ionic
bond between a metal element and one or more
nonmetal elementsglike sodi chloride (NaCl),
which we know morg cSfiifonlylas table salt.

Sodium A Chlorine
Only a few salts dol contain a[etal element. Ex-

amples include al ride (NH,CI) and
ammonium nitrate hat’s because the
ammonium ion (NH,) b like a metal element
in the way it forms with other nonmet-
als. This will beco r in the chapter.

Let’s start with char: i at are common to
most salts. Reme , that there are ex-
ceptions to any gen
¢ Salts are solid.

¢ Salts are nonfla
* Most are water-soluble.
* Many are water-reactive and will produce a flam-

mable gas, a toxic gas, a caustic solution, and/or
heat when in contact with water.
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* 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 salts cause severe environmental damage.

Based on these cmmards, it's safe to as-

sume that you sho i tact with and inha-
lation of salts and Id keep them dry if
possible. Some may requi reater precautions;

others, less. However, you can't go wrong if you
apply these guidelih

« 4
A a -~

Don't Touch Don't Inhale, Keep Dry

Introduction to d Formulas
We'll focus on six eﬁts, the first five of
which are easily recognize names ending in

-ide. Some are m cyanide, oxide, hy-
droxide, or peroxid

Like many hazardous mater‘s, salts can have

multiple names. H UPAC (International
Union of Pure and*Ap ists) naming sys-
tem is universally in ‘emical references,
formal chemistry co , cientific and foren-

sic laboratories. The IUPAC naming system identi-
fies salts according to the elements that comprise
them, starting with the metal element and ending
with the nonmetal element(s).
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Salt Composition Naming

Binary metal metal
Salt + nonmetal + nonmetal root
(not otherwise listed) (ends in ide)
Metal metal metal
Cyanide + cyanide + cyanide
Metal Oxide etal metal
(Binary Oxide) + oxide

Metal metal
Hydroxide + hydroxide
Metal metal
Peroxide (Group I or Il) + peroxide
Metal metal
Oxysalt + oxyradical

(ends in ate or ite)
(may include prefix
per or hypo)

The following exam the chart clearer:

Type Formula

binary NaCl
cyanide NaCN

oxide Na,O

hydroxide sodium hydroxide NaOH

peroxide Na,O,

oxysalt NaClO
Again, five types of saltsNes ending in -ide.
The last type, oxys h ames ending in -ate
or -ite. So when you se I names ending in

«

-ide, -ate, or -ite, thi hep check to see if the
name also contains ent (or the ammo-
nium ion—NH,). If so, it's a salt. If not, it's a nonsalt.
(See also “Naming Similarities on page 89.)
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The ratio between metal and nonmetal elements is
based on the rules of chemical bonding covered in
the last chapter. That chapter provided the example
of sodium chloride (NaCl), where sodium (Na) and
chlorine (Cl) bonded in a one-to-one ratio because
they had one and seven electrons, respectively, on
their outer shells. However, magnesium (Mg) has
two electrons on It would have to
bond with two ato orin (CI ) to create a bal-

anced compound-chlorlde (MgCl,).

The easiest way to determi e formula of a salt
compound is to a| g called the criss-
cross rule. Draw gram like the one
below, identifying t harges associated

electrica
with each ion. The the numbers as shown.
The electrical charme |on becomes the sub-
script number for ion. (Where the
numberis 1, no su ded.)

ald-

gCl

2

Reduce the subscripts
bers without chan
ments are present.
oxygen (O?) form calcium

est possible num-
in which the ele-
ample, calcium (Ca?*) and
(Ca0, not Ca,0,).

ns, where two or
more atoms bond ct as a single ion.
The crisscross rule same way, except
that the polyatomic ion is treated like one unit.

Some salts have

lon Charge Example
peroxide (O,) 2- Na,O,
cyanide (CN) 1- NaCN
hydroxide (OH) 1- NaOH
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Na®+ 02®' Nan@‘L CN®‘ Na@‘L OH@‘

Na,0O, NaCN NaOH

Oxysalts also have polyatomic ions. However, the
oxysalts are compl oug t we'll look at them
separately later in t

The elements that
only in specific ratios. F
chloride (AICI,) consists of al
only in a 1 to 3 rati necessary to use
prefixes such as m ri- (e.g., aluminum

trichloride) to indicate many atoms are present.
The oxysalts are an ion, but the prefixes and
endings associated*wit m are unique. Again,
we'll look at them Ia-pter.

Types of Salts q

This section provides etail on each of these

salts and their co teristics. (These
generalizations ap ilyfto salts containing
alkali metals and alkaline earth etals. In general,
when salts contain tra etals, toxicity and
environmental dam on concerns and
reactivity is usually

Its typically do so
ample, aluminum
inum and chlorine

Binary salts contai ents—one metal and
one nonmetal (othef tha .

Exam

sodium chloride (table salt) — NaCl
calcium carbide — CaC,
lithium sulfide — Li,S
aluminum chloride — AICI,
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The toxicity can vary from nontoxic (e.g., sodium
chloride) to very toxic (e.g., sodium fluoride). The
worst binary salts are water-reactive (especially the
nitrides, carbides, hydrides, phosphides, and some
chlorides). In contact with water, binary salts will
produce a flammable and/or toxic gas, a caustic so-
lution, and heat.

Metal sulfides, a zMon lf binary salts, are

comprised of a m and sulfur. These
salts are very rea , producing highly
toxic hydrogen sulfide gas (q.

Metal oxide salts salts) consist of a
metal element bon .

The worst of the me 'de!are caustic (corro-

sive), particularly t ing alkali (Group I)
metals. They are Metal oxides con-
taining alkali metals react violenily with water to pro-
duce a caustic soluti of heat. However,
metal oxides don’t in contact with wa-
ter. And despite th t are not oxidizers.
Many metal oxide salts are

Metal cyanide sar

bonded to a com
(CN).

f a metal element

f ?rbon and nitrogen

Examples of Metal Cyanide Salts
sodium cyanide — NaCN
potassium cyanide — KCN
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Cyanide salts are highly toxic. They react with ac-
ids to produce hydrogen cyanide (HCN), which is a
very toxic and flammable gas.

Metal hydroxide salts consist of a metal element
bonded to a complex ion of oxygen and hydrogen
(OH).

Examples Jghz&xide Salts

sodium NaOH
potassi — KOH
calcium hydroxid‘a(OH)a

Like many hazardo these compounds
can have multiple . ause some of the
most common corrosj are metal hydroxides, it's
important to recog r frequently used trivial

(slang) names. m
¢ Sodium hydroxide™= da, lye

¢ Potassium hydro; - i@ potash, potash lye
¢ Calcium hydroxid e, slaked lime

The worst of the m s are caustic (cor
rosive). Those ma i (Group |) metals
are some of the most destructive chemicals known.
Metal hydroxides will r , attack, corrode,
and dissolve many hey are extremely
destructive to skin a erbody tissues. They are
water-reactive. Many are to;

f a metal element

Metal peroxide sa
¢ (twQ oxygen atoms co-

bonded to a peroxi
valently bonded to e

Examples of Metal Peroxide Salts
sodium peroxide — Na,O,
potassium peroxide — K,0,
calcium peroxide — CaO,
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Metal peroxides are very strong oxidizers and can
react with fuels. They are water-reactive, producing
a caustic solution, heat, and oxygen gas when in
contact with water. Some react violently.

Metal oxysalts consist of a metal element, oxygen,
and a third element. The third element is most often

a nonmetal, but nora S 1lum permanganate
(NaMnQ,) and pot anganate (KMnO,)

are examples of ox-o metal elements.

pota KNO,
calciu CaCO

The worst of the o;
and will react readi
formed with halog

re very strong oxidizers
ith fuels. Oxysalts
st hazardous.

Naming oxysalts i plex than naming
other salts. Like t salts start with the
metal element, foIIow the’ root of the second
element. Howeve either -ate or -ite,
not -ide, and may ¢l fixes per- or hypo-.
The prefixes and endings are directly related to the

metal) ate”

Metal onmetal) ate”
Metal -|r nmetal) ite”
Metal H‘nmetal ) ite”

The two nonmetal elements in an oxysalt form an
oxyradical. The normal (most stable) state of an
oxyradical is its base state. The following chart
shows the base states of various oxyradicals.
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Base States of Various Oxyradicals

With 3 Oxygen Atoms

With 4 Oxygen Atoms

Chlorate  CIO, Sulfate SO,
Bromate  BrO, Chromate CrO,
lodate 10, Phosphate PO4,
Nitrate NO, Arsenate  AsO,
Manganate Mn

Carbonate CC? v‘

The chart below p

addition or subtraction of ox
in the changing names of oxysalts.

ample of how the
atoms is reflected

Exampl amin
Oxygen Content xample Formula
1 extra atom perchlorate  NaClO,
base state i rate NaClO,
1 less atom orite NaCIO,
2 less atoms  Sodium hypdochlorite  NaClO
Oxyradicals are pol ke the ones shown

earlier. Oxyradicals h
paired with a metal
its outer shell. Exal
(KNO,) and sodium

Hypochlorite  CIO

Chlorite Cio,
Chlorate Clo,
Perchlorate  CIO,
Nitrite NO,
Nitrate NO,

charge of 1- must be
as one electron on
potassium nitrate

Permanganate MnO,

Bicarbonate ~ HCO,
Acetate CH,CO0
Bisulfate HSO,
Bromate BrO,
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Oxyradicals with a charge of 2- must be paired
with an element (or elements) with a 2+ charge.
Examples include calcium carbonate (CaCO,) and
sodium carbonate (Na,CO,).

Carbonate CrO,
Sulfite Cr,0,
Sulfate SO C,0,

Persulfate 82(3‘

Oxyradicals with a
something that pra
phosphate (Na,PO

ust be paired with
charge. Trisodium

Arsenate

Borr

Most polyatomic io egative charges. How-
ever, the ammoni 3}) 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
(NH,CI) and ammonium nitrate (NH,NO,), that don’t
contain a metal element.
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Ammonium 1+ -

lon (NH,)

Nonmetal

Oxysalt

All of the metal elements discussed so far have
only one charge a iatedgwith their ions. How-
ever, many of the transiti@®metals have more than

one oxidation stat i at they can donate
different numbers For example, iron
(Fe) can form elther errous %1 e (FeCl,) or ferric

chloride (FeCl,). ow are e ples of other ions
with multiple OXIdatI wever, further dis-
cussion is beyond It is book.

Element Name Symbol
Chromium Chr ium {I) o chromous Cr?+
chromic Cr3+

Manganese Mang anganous Mn2*
Man manganic  Mn3

Iron rrous Fe?*
or'ferric Fes+

Copper Cut
Cu2+

Mercury Hg?
HgZ+

Tin Sn2
Sn4+

Lead Pb2+

lumbic Pb#+
I's important to r th different types of
salts and the hazar d with them. The

rest is more nice-to-know information at the emer-
gency responder level.
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Hydrocarbons

The Four Types of Hydrocarbons

Hydrocarbons contain only two elements (hydrogen
and carbon) in different ratios and configurations.
The four main typ f hydgeearbons are distin-
guished by the bonds b&@#&en‘garbon atoms.

Hydrocarb Bond
alkane single
alkene ouble

alkyne
aromati

triple
sonant

Here’s a pictorial re;Ation of the bonds:

Alkane (single boni (triple bonds)

All hydrocarbons have common characteristics.

¢ All are flammable.
¢ All have some degree of toxicity.
¢ All are floaters (specific gravity less than 1).
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Differences in behavior between the types of hy-
drocarbons are based primarily on the bonds be-
tween carbon atoms. Single and resonant bonds
are stable, whereas double and triple bonds are not.
Therefore:

* Most alkanes are relatively stable.

« Alkenes are reﬁ\mmone to polymeriza-
tion, particularlyFompounds.
¢ Alkynes are highly unst They have explo-

sive potential.

* Most aromatic able, even though
they appear to hav ee double bonds, because
the electrons rot een elements (resonant
bonds). As a ics are fairly toxic.
They burn with hat often has a spi-
der web appear re carcinogenic.

Remember that th
that the informatio
all chemicals in a
styrene (C,H,) diff
bons in that it has an unstable
outside the resonant st
to polymerization.

\\
H— -C 1
ble Carbon Bond

Outside the Resonant Structure
Makes Styrene an Exception
| Among the Aromatics

alizations only and
ecessarily apply to
ry. For example,
aromatic hydrocar-
ouble carbon bond
hat makes it prone

Styrene ¢ CsHs

58 e Hydrocarbons



Saturated hydrocarbons are those containing only
single bonds between the carbon atoms (alkanes).
In effect, the alkanes are saturated with as many
hydrogen atoms as they can possibly hold, because
every available bonding site is filled with hydrogen.

The other hydrocarbons are unsaturated, because
the multiple bonds | les m for hydrogen at-
oms. (The term p d means there is
more than one carb uble bond.)

| 1nsaturated

Saturated

Propane (C,H, opene (C,H,)

Hydrocarbon N Formulas

Hydrocarbon types dentified by name.
Alkanes and alkyn nd -yne endings,
respectively. The - ay indicate either

an alkene or an aromatic, depending on the prefix.

Type Examples
alkane methane, ethane
alkene -ene ne, propene *
alkyne -yne ethyne, propyne
aromatic - zene, toluene

* Thealkenesethe nd butene are also
known as ethylene, , and butylene.

@0@
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As with any other naming system, there are excep-
tions. For example, despite the -ene ending, acety-
lene (C,H,) is an alkyne with a highly unstable triple
bond between carbon atoms. (Acetylene is also
known as ethyne.)

Alkanes, alkenes, and alkynes use common pre-
fixes based on the ber ‘arbon atoms in the
formula. hd

# Carbon Ato Example
M Methane

Ethane

m Propane
- Butane

Pentane
ex- Hexane
Heptane

Octane
Non- Nonane

- Decane

The following is a vis sentation of the infor-
mation above ... m -, but-, etc. signify
the number of carb e compound. The
illustration shows only four examples, but the others
follow the same pattern

SO©OONO O A WN =

H H HHHH

+ e e
H+C-C-H H+C-C-C-C-H

S B I SR I

H H HHHH

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

Five Aromatics

Name Formula
Benzene
Toluerv
Xyle
Styre|
Cumenhe

Hydrocarbons can nized by formula.
First, they contain Hd hydrogen. Sec-
ond, the four types of hydrocarbons have formulas
that follow certain p$as shown below. (The
letter “n” represents ber of carbon atoms in

the structure.)

Hydrocarbon Formulas

Type Example
Alkane C C,H, (Ethane)
Alkene C,H, (Ethene)
Alkyne 2H C,H, (Ethyne)

Aromatic * C C.H, (Benzene)

* Styrene (C,H,) i . It doesn't follow

the pattern of oth

Straight-chain hy r ave all the carbon

atoms arranged in

|\-I | | | |
¢-¢-¢-C-CH
HHHHH

Pentane (C,H,,)

H-
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The branched hydrocarbons shown below are
isomers of each other (and isomers of pentane,
which was pictured on the previous page). Remem-
ber, isomers have the same molecular formula, but
different molecular structures.

i
HH K Vncn
H-C-C-C- Ho| W
HH 9 <‘: C-H
H-C-H ‘ H
H H-C-H
H
Isopentane (C Neopentane (C,H,,)

Cyclo compound
like the aromatics,
resonant bonds)

compounds can h
straight-chain cou
the same formula p

etween carbon atoms.

ve a ring structure
single bonds (not
Cyclo
roperties than their
y also don’t follow

Cyclopentane (CH,,)

Cyclohexane (CH,,)
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If one double bond between carbon atoms is re-
active and unstable, multiple double bonds in
the same compound are much worse. Butadiene
(C,H,) and cyclopentadiene (CH,) are examples of
dangerous, highly unstable compounds.

Double B . H
H l¢] c—C Double
H< | ‘ y Bond'~/ \— Bond
L e ¢ ¢ C_ CH
‘ H /c N
Double Bond H H

Butadiene (C,H
(1,3-Butadiene

entadiene (C,H,)
yclopentadiene)

Butadiene, a flade toxic monomer used
in the plastics ind » Wil polymerize so easily
that DOT regulation ping it without the
addition of an inhib ally shipped as a

liquefied compress as.) Cyglopentadiene is so
reactive that it expl .

d cyclopentadiene

Note that the names

above still give u 1*)rmula and struc-
ture. But- and pefit- indicatetfour and five car-
bon atoms, respectively. TI ne ending signals
an alkene (double he prefix cyclo in
cyclopentadiene fu cating a cyclo com-
pound. The secondawd'- in each name
warns of two double bonds between carbon atoms
versus just one.

The Effect of M dze

The more carbon and hydrogen in the compound,
the larger the molecule. Molecular size has a direct
effect on physical and chemical properties, includ-
ing those related to flammability. Many of these
properties are directly or indirectly proportional to
one another.
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The comparisons below assume that one is com-
paring similar compounds, such as all straight-chain
hydrocarbons. When comparing different types of
compounds, chemical composition has a greater
bearing on physical and chemical properties than
molecular size does.

Smaller compourre m’active, so they pro-
duce more vapor (have a*higher vapor content) and
have a higher vap an do larger com-
pounds.

Boiling Point 4
Flash Point
Heat Output Ignition Temperature

‘apor Concentration
Vapor Pressure

\{

The flash point is Imer compounds, be-

cause it takes less ise the temperature of
the liquid to where eisuﬁicient vapors to
form an ignitable ure In al But it takes more

heat energy (ignition tem re) to ignite those
vapors, because t ss hydrogen (fuel)
than do the vapor: larger molecules.
Thus flash point and ignN)erature are further
apart in relation to each other. Smaller compounds

will output less he y have less fuel.

Larger compoun Mtive, so they pro-
duce less vapor (ha lo apor content) and
have a lower vapor pressure than do smaller com-
pounds.
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Larger Molecules

f Ignition Temperature
Vapor Concentration

Boiling Point Vapor Pressure

Flash Point

Heat Output ‘

P+ ¥

The flash point is h
cause it takes mor
of the liquid to where it pro
to form an ignitable mixture in
heat energy (igniti
vapors, because th
than do the vapors pr ed by smaller molecules.
Thus flash point an temperature are closer
together in relatio h other. Larger com-
pounds will output ecause they have
more fuel.

r compounds, be-
e the temperature
s sufficient vapors
r. But it takes less
re) to ignite those
re hydrogen (fuel)

Although flash poi
inversely proportion
nition temperature
than the flash point.

temperature are
ver cross. The ig-
ill always be higher

Smaller Molecules arger Molecules

Flash Point and 4 Flash Point and
Ignition Temperature gnition Temperature

Are Further Apart Are Closer Together
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Hydrocarbon Derivatives

Hydrocarbon Derivatives Defined

Hydrocarbon derivatives are compounds derived
from hydrocarbons. Hydrocarbon derivatives con-
sist of one or more roca radicals attached
to a functional grouw *

Hydrocarbon u_mna Hydrocarbon

Radical +  Group Derivative
H

H—(I)— H- C O-H
H

Methyl (CH,) Hyd Methyl Alcohol (CH,OH)
oy

H-g-¢-
H H

Ethyl (C,Hs) I Alcohol (C,H,OH)

A hydrocarbon ra Mcarbon from which
one or more hydro atoms have been removed.
For example, the methyl ralF CH,) comes from
methane (CH,).

Original Hydrocarbon carbon Radical
H H
| ’ |
H—(I:—H H-C-

H

Methane (CH,) Methyl- (CH,)
HOH HOH
H-C-C-H HoC-C
H H H H
Ethane (C,H,) Ethyl- (C,H,)
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Hydrocarbon radicals cannot exist by themselves,
because they are not electrically balanced. The
missing hydrogen atoms must be replaced by
something else—a functional group.

Functional groups are similar to hydrocarbon radi-
cals in that they, too, are electrically unbalanced;
not all of the availa ondi ites are filled. Func-
tional groups must Pon@with sgmething else.

Hydrocarbon
Radical ——
(Ethyl - C,H))

Functional
i «—— Group

(Alcohol - OH)

The functional gro category (type) of
hydrocarbon deriv alcohol). The hy-
drocarbon radical IIs us the “specific compound

The example abov hol (C,H,OH).

The chart below sh rious hydrocarbon
radicals (right) an arbon compounds
(left) from which th

Methane

Methane " F H(C)=
Ethane  C,H, Nhyl CH,-
Ethane C, cet- CH,(C)=
Ethene C, inyl C,H,-
Propane C, Propyl CH-
Propene  C,H, 4) Acryl CZH C)E
Butane CH,, Butyl C,Hy
Benzene CH, Phenyl, Benzyl CH,-
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Overview of Hydrocarbon Derivatives

The hydrocarbon derivatives can be divided into
groups based on the elements they contain.

Part 1 hydrocarbon derivatives contain only car-
bon, hydrogen, and oxygen. The group is further di-
vided by general st re. T arbonyls all have
a double bond between e carbon and oxygen at-

oms within their str hers do not.
Carbonyls ‘ Others
ketones alcohols
aldehydem glycols
organic (carboxy! glycerols

esters ethers
A organic peroxides
entation of these

The following is a Hs

first nine hydrocarbon derivative types. (The “R”
stands for hydrocar i Each will be dis-
cussed in more det“

2 o
R-C-R R-C-O-H
Ketones Organic Acids
o
R-(O-H
R-C-0-R (0-H)
Esters Glycols
R-(0-H);
Glycerols Organic Peroxides
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Part 2 hydrocarbon derivatives may contain car-
bon, hydrogen, or oxygen, but they also contain
other elements.

Contain Nitrogen Contain Other Elements

nitros thiols (mercaptans)
amines alkyl halides *

nitriles (cyanider nophosphates

carbamates hi-téch compounds

amides

* Alkyl halides may also bﬂrred to as halogen-
ated hydrocarb

ORS.
The following is a ”entation of the five

hydrocarbon derivati that introduce nitrogen.
(Again, “R” stands carbon radical.)

Nitros Nitriles (Cyanides)

(RH N-(':(?- _(("):_N/H(R)
(RH~ “H(R)

Carbamates

Amides

Thiols (also known s) introduce sulfur.
Alkyl halides (also kn halogenated hydrocar-
bons) contain one or more halogens (indicted by
“X” below). Orga s have phosphorus

in their structures. ‘i-t ounds (not shown)

can vary greatly.
R-S-H R-P{

Thiols (Mercaptans) Organophosphates
R-X

Alkyl Halides (Halogenated Hydrocarbons)
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It's generally easy to identify hydrocarbon deriva-
tives if you isolate the hydrocarbon radicals and
functional groups. This will become clearer over the
next few pages. Meanwhile, the chart below shows
the functional group for each type of hydrocarbon
derivative. This is the thing to look for in chemical
formulas.

Hydrocarbon Deri\m/?‘nctional Group
ketones CO
aldehydes CHO
organic (carboxylic) acids ‘ COOH

esters COO or CO,
alcohols - OH

glycols (OH),
glycerols A (OH),

ethers o

organic peroxid 0OOorO,
nitros NO,
amines NH

nitriles (cyanid

carbamates- NH,COO
amides } CONH,
thiols (mercaptal SH
alkyl halides ‘ F, Cl, Br, or |

organophosphates P
hi-tech compou i, As, Be, Sn, or Ti

One additional namin
The naming system isn’t limite
rivatives, but you'll i

ften over the next
few pages. It's one tise binary covalent com-
pounds, meaning

ntaifing two nonmetal
elements. It uses specific es to indicate how

many atoms of each element are present.

bears mentioning.
o hydrocarbon de-
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Number of Atoms Prefix
mono-
di-
tri-
tetra-
penta-
hexa-

hepta-
r v octa-

nona-
deca-

SOWONOUOAWN =

Two familiar exam on monoxide (CO)
and carbon dioxid e prefix mono- is
rarely needed and®is used only with the element

oxygen.) Carbon twde (CCl,) is another ex-
ample, addressed is chapter.

Even though the nH is designed for bi-
nary compounds, it'is also used liberally with hydro-
carbon derivatives ore than two ele-
ments. Trichlorom ), for instance, has

three chlorine atoms j hydrocarbon radical
that started life as ). Conversely, dim-
ethyl ketone (CH, A wo methyl radicals
joined to a ketone (CO) functiomal group. You'll see

illustrations of thes shortly.

s don't follow this
ns identified earlier
ignificant examples
r (H,0).

A few very familiar
naming system. The hydrocar
have their own sys
include ammonia (
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Part 1 Derivatives - Carbonyls

Ketones, aldehydes, organic acids, and esters are
all carbonyls, with a double bond between carbon
and oxygen. This is a very stable bond, unlike a
double bond between two carbon atoms.

An Ester

The four carbonyls ove are also rep-
resented in the ch hey were chosen
for their graphic simil tice that each has a
methyl radical (CHa\%he ketone and the
ester both also ha icals on the right.
However, the aldehyde and thejorganic acid have

nothing on the righ ir particular func-
tional groups leave ing sites.

Type B(ﬂpl_e*m

ketone dimethyl ketone
aldehyde H acetaldehyde
organic acid ‘ acetic acid
ester CH, 5> methyl acetate

(Technically, carbamates and amides are carbonyls
too, because they contain a double bond between
carbon and oxygen. They are presented separately,
however, because they introduce a new element—
nitrogen.)
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Ketones have the functional group CO. They have
names ending in ketone or -one.

Dimethyl ketone (CH,COCH,) was pictured on the
previous page. If the second methyl radical is re-
placed by an ethyl radical, it creates methyl ethyl
ketone (CH,COC,H,), often called MEK. There are

other ketones, but exa are sufficient to il-
lustrate the structufe of tese ompounds. These
two are the most i e ketone family.

Methyl Ethyl Ketone
(2-butanone or MEK)
CH,COC,H,

nts that are toxic
w flame with a blue
ve a narcotic effect

Ketones are wate
and flammable, ex
base when burning.

on the central nerv |‘

Aldehydes have the functio
have names endin
fuse this with the 1

ample, ethanal is not N

Acetaldehyde (CH, ictured earlier, but the
simplest of all aldehyde: aldehyde) has a single

hydrogen atom (H) tohe functional group
(CHO). All of the oth \Y rocarbon radicals.

group CHO. They
or -al. (Don't con-
alcohols. For ex-
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o H O H
i H-CiC-H | KK Jc=0
{HTC-H | c=C |
H H ___Hi
Formaldehyde Acetaldehyde A .
Methanal Ethanal crolein (Propenal)
i (CHschg CH,:CHCHO

Aldehydes are wat
used as preservati e liquids. The ex-
ception is formaldehyde, which.is a gas in its natural
state, but which is usually transported dissolved in
water. It's commonHalin in solution.

Like ketones, aldehydes are toxic and flammable,

exhibiting a yellow ith a blue base when

burning. Aldehydes ly have wide flammable
ranges, the most m.ples being form-
aldehyde (7% to 7 taldehyde (4% to

60%). Some aldeh unstable, explo-
sive organic peroxi , particularly when
exposed to air. W ny of the carbonyls are
irritants, the aldeh ticularly noted for
choking, suffocatin

pounds frequently

One aldehyde deserves s
(CH,:CHCHO) is
Firefighters may re
smoke given off by burni
and other Class A

acrolein is typically I either a colon (:) or
an equal (=) sign togsig

ﬁ- ble bond between
the carbon atoms. Jublé€ bond between car-

bon atoms makes acrolein prone to polymerization.

ention. Propenal
ly called acrolein.
s the major irritant in
d, wood products,
. The formula for
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Organic (carboxylic) acids have the functional
group COOH. Their names end in -ic acid or -oic
acid.

D
+rC-O-H

Formic Acid Acetic Acid
(Methanoic Acid thanoic Acid)
HCOOH

Organic acids are [toxi rrosive. They are

and clean smoke. |he are waler-soluble.

combustible, burni and yellow flame

Esters have the fg

They have names
in acetate or acryl

| group COO (or CO,).
te. Often they end

Esters and some peroxides are the
only hydrocarbon ith an -ate ending.
(Some metal oxysal names that end in
-ate. But the metal itifies them as salts

rather than hydrocarbon derivatives.)

CH,COOCH,
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Esters are commonly used to synthesize resins and
plastics. Those with a double bond between car-
bon atoms are particularly valuable in the plastics
industry because of their tendency to polymerize.
It's this same property that make them so danger-
ous. Esters are also commonly used in the perfume
industry because many of them have pleasant fruity

or floral odors. rv‘
Esters are flammab yellow flame with
a blue base when b . s are described as

only slightly soluble. ‘

Part 1 Derivativ-

The next five hydroc derivatives also contain
carbon, hydrogen, en, but they do not have
a double bond bet nd oxygen.

Alcohols have the*functiona
hydroxyl group. Thei
(Don’t confuse this
dehydes. For example

oup OH, called a
d in alcohol or -ol.
ding used with al-
[ is not ethanal.)

Metal hydroxide sal OH in the formu-
la, but it's a negatively charged hydroxide ion (OH").
Hydroxyl groups, on nd, have no elec-
trical charge. Furth beyond the scope
of this book. What ntto recognize is the
difference between alc'cm carbon-based hy-
drocarbon radicalslr ide salts (containing
a metal element instea

Methyl Alcohol (Methanol) Ethyl Alcohol (Ethanol)
CH,OH C,H.OH
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Alcohols are either flammable or combustible, burn-
ing with a clean blue flame. The smallest alcohols,
methyl and ethyl, have relatively wide flammable
ranges (6% to 36% and 3.3% to 19%, respective-
ly). These water-soluble compounds are generally
toxic, although toxicity varies from one alcohol to
another.

Glycols are part HMI'QE alcohol family, but

they have two O ead of one. They
have glycol in the .

pylene Glycol

3 6! 2

Glycols are toxic a
soluble in water an

le. Most are highly
y nonvolatile.

Glycerols are also e larger alcohol family,
but they have thre groups to set them apart.

Glycerols, in general, should be considered toxic
and combustible. However, the most common one,
glycerin, is relatively harmless in low concentra-
tions. It is used to make a variety of products, from
dynamite to candy and pharmaceuticals.
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Ethers have the functional group O. Most have
names ending in ether, but some have names that
end in oxide. (Oxide salts also have names ending
in oxide, but they have a metal element in the name
and formula.)

Diethyl Ether (Diethyl Oxide) ivinyl Ether
,H.OC,H, C,H,0CH

20 1372 g

flammable. Many
‘F (17.8°C), and some
able ranges, including
divinyl ether (1.7%
y do so with invis-

Ethers are very vol .
have flash points b
have relatively wid
diethyl ether (1.9%
to 27%). When eth
ible flames.

Ethers are insoluble are floaters. Most
have anesthetic proper ich is one reason di-
ethyl ether (commol simply as “ether”)
was once widely u eral anesthetic in
hospitals before being replacedby safer products.

Ethers with double en carbon atoms,
such as divinyl ethef, able compounds sub-
ject to polymerization.

 »

Y
N
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Ethers have limited shelf lives; they form explo-
sive organic peroxides over time, particularly when
exposed to air. For example, methyl ethyl ether
(CH,OC,H,) bonds with oxygen to become methyl
ethyl peroxide (CH,O00C_H,). Crystals developing
on the container indicate extreme danger.

Transition from rganic Peroxide

Ethylene oxide is u@ name and appearance,
but its structure (al between two car-

bon atoms) makes thylene oxide is an
extremely hazardous gas with a,flammable range of
3% to 100%. That osition (a fuel and
an oxidizer in the s d) allows ethylene
oxide to burn insi ntainer with no air
present. It's also s merization.

Organic peroxide: nctional group OO
(or 0,). They normally have peroxide or peroxy in the
name. However, there are many exceptions. Some
organic peroxides have names with a per- prefix and
an -ate ending (e.g., isopropyl percarbonate).

80 * Hydrocarbon Derivatives



(Peroxide salts also contain peroxide in the name.
And some oxysalts also contain per-and -ate. How-
ever, salts contain metal elements, whereas organic
peroxides contain hydrocarbon radicals instead.)

Some names are even more misleading (e.g.,
peracetic acid). It's a poignant reminder of how im-
portant it is to chec renxmurces at a hazmat
incident rather than erMIy name recognition
and a limited knowl istry.

Methy! EIA « CH,0,CH,

Benzoy! Peroxide

6 5 2 6 5
Organic peroxides g unstable. Organic

peroxides are not explosive, pepse—they are DOT
Class 5.2—but they i explosives in that
they contain a fuel (the hydrocarbon
radicals) and an oxidi ent (the peroxide)
in the same formula. Two si of the fire triangle

are already presentr

Although organic p arioxidizers, their in-
stability is a much gr n than their oxidiz-
ing ability. They are very sensitive to heat and fric-
tion. Many are also very sensitive to contamination.
They’re flammable and highly reactive with other
chemicals. Many are toxic. Some are corrosive.
They are insoluble floaters.
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Organic peroxides are often used as catalysts in the
plastics industry to initiate the polymerization pro-
cess. They are prone to runaway polymerization if
exposed to elevated temperatures, so many refer-
ence sources list self-accelerating decomposition
temperatures (SADT) for these compounds. The
SADT is the temperature at which an organic per-
oxide begins to dem arule of thumb, in-
creasing the temperatur 10" degrees will cause
the reaction rate t ce the reaction be-
gins, it can’t be sto| . c peroxides should
be kept below the maxim storage tempera-

ture (MSST)—a te enough below the
SADT to provide a ety.

Part 2 Derivativ!itrogen-Based

The next set of h rivatives introduce
one new element:

Nitros have one or
to a hydrocarbon

0,) groups bonded
t nitro compounds

a-en®
| NO|
oo

Nitromethane
3 2

uene (TNT)
or CH,C,H,(NO,),
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The bonded pair of oxygen atoms makes the nitro
group a strong oxidizer. The hydrocarbon radical
provides the fuel component. With both an oxidizer
and a fuel component in the same structure, two
sides of the fire triangle are complete. Consequent-
ly, these compounds are explosive and highly flam-
mable. Many are sensitive to shock or heat.

Nitros are also toxl bMaI}on, ingestion, and

skin absorption. e vasodilators, ex-
posure to which ca den drop in blood

pressure. They vary in solu”
Amines are often c derivatives, since
the functional grou monia (NH,). The
simplest amines are containing the functional
group NH, bonded le hydrocarbon radical.

They contain amin

Methyl Amine ¢« CH Amine * C,H,NH,

Secondary and terti
substituting additio
drogen atoms. Notice,
no longer have the telltale

an be created by
arbon radicals for hy-
hat these products
the formula.

'H-C-H
HIH H Ho| H
H-C{N:C-H H-CtN-C-H
H H H H

Dimethyl Amine ¢ (CH,),NH | Trimethyl Amine * (CH,),N
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Both the ammonia base and hydrocarbon radicals
contribute to the toxicity and flammability of amines.
Some amines are also corrosive. Amines exhibit a
yellow flame when burning. They are water-soluble
and have characteristically foul odors.

Nitriles (also called cyanides) contain the function-
al group CN, with ggtpiple b etween the carbon
atom and the nitragen m. “These compounds
have names contai cyanide. (Cyanide
salts also have cy. ame, but they have
a metal element in the nam”d formula.)

Acetonitrile (Methyl itrile (Vinyl Cyanide)
CH,CN C HCN

Nitriles are toxic d ide compounds in

their structures. The mable, exhibiting a
yellow flame with a en burning. Those
nitriles with a dou een carbon atoms

are subject to polymerization.g Nitriles are water-
soluble solvents.

Carbamates are g
tional group NH,COO—ess
of the functional
and esters (COO)A Th
names starting wit

cognized by the func-
ally a combination
with amines (NH,)
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Carbamic acid (NH,COOH) is the simplest carbam-
ate, with a hydrogen atom filling the one open bond-
ing site. Carbaryl (C,,H,,NO,), below right, is a more
complex example, where one of the hydrogen atoms
normally attached to nitrogen has been replaced by
another hydrocarbon radical. Thus it lacks the tell-

tale NH,COO in the formula. On the other side of

the functional groupFWene rings.

Carbamic Acid
NH,COOH

Carbaryl
CH,NO,

120 1

Carbamates are us es, often in place
of the more toxic

hate compounds.

Nevertheless, carb till toxic and com-
bustible.

Amides have the up CONH,. How-
ever, hydrogen ato ttached to the ni-
trogen atom can bé' replaced additional hydro-
carbon radicals (not sho hus some amides
lack the telltale CO ula. These com-
pounds often contai

Formamide « HCONH,

Acrylamide « C,H,CONH,

Amides have low to moderate toxicity. They are
flammable. Those with a double bond between car-
bon atoms are subject to polymerization.
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Part 2 Derivatives - Other

This final section introduces other elements beyond
just carbon, hydrogen, oxygen, and nitrogen.

Thiols (or mercaptans) contain the functional
group SH (sulfur and hydrogen). They commonly
have either thiol orrcaﬁt in the name.

(Methanethiol) « Cl

These compounds
are also strong ir]
odors and are us rs for hydrocarbon
fuels (e.g., as awa r natural gas).

Alkyl halides (halog h‘drocarbons) have

no specific function her, what they have
in common is that hydrogen atoms in
the original hydrocarbon is re
(fluorine, chlorine, bromi
common are the ydrocarbons. The

first six shown on t ge,are based on meth-
ane (CH,), the most simple ocarbon.

Not all alkyl halid’ar on methane. For
example, chloroeth ,Clyis based on ethane
(C,H,) and trichloro CH:CCl,) is based

on ethene (C,H,). They are the bottom two alkyl
halides illustrated on the next page.

le and toxic. They
y have skunk-like
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The proper names of these compounds clearly
identify the original molecule (methane, ethane,
ethene, etc.) and the halogens used. The common
or alternate names, such as methylene chloride,
chloroform, and Halon, are the ones that don't nec-
essarily give a clear indication as to chemical com-
position. (Note: Some of these names have -ide
endings, similar tomns. However, the
absence of metal efements distinguishes these as

alkyl halides.)

Dichloromethane
e‘Chloride (Chloroform)

Chloromethal
H,Cl,

(Methyl or Methylen
CH,CI

rachloromethane
rbon Tetrachloride)

Difluorochlorobrom orobromomethane
(Halon 1211 (Halon 1301)
CF,CIBr
 HH
H-C-CrCi
{__HH
Chloroethane (Ethyl Chloride) Trichloroethylene
C,HCI CICH:CCl,
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Alkyl halides are generally toxic, some more so than
others. Some are flammable, but most do not burn.
In fact, some are used as extinguishing agents.
Most will break down at relatively low temperatures
(as low as 325°F/162.8°C), giving off toxic decompo-
sition products. For example, carbon tetrachloride,
once used as an extinguishing agent, decomposes

to toxic phosgene r ated. Alkyl halides
are insoluble in water; they are'sinkers.

Organophosphat
containing phosphorus d
or oxygen. But fu
(below) has a funct
(not shown) has P

large compounds
-bonded to sulfur
ps vary. Malathion
P(S0),. Parathion

Malathion ¢ C H.4

used as insecticides.
Mable liquids for dis-

Hi-tech compounz ty of products that
don't fit any other . THere is no pattern in
the names, formulas; i es, but many con-
tain arsenic (As), beryllium (Be), boron (B), silicon
(Si), tin (Sn), or titanium (Ti).

These toxic comp
They are often mixed
semination.
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e

S gl N
“HSI-H
w7
Arsine Silane Dichlorosilane | Phosphine
AsH, SiH, H,SiCl, .,

| P+ Y
Many hi-tech comp:

and/or toxic. Som

otherwise, these compound
as extremely dangerous.

Naming Similar-alts

The salts and hydrcHerivatives below share
some naming simil idept in the name end-
ings. Remember t for distinguishing
between salts and derivatives. Salts
have names beginni
cept those containi nium ion). Hydro-
carbon derivatives gel
ing the hydrocarbo

active, pyrophoric,
ble. Until proven
ould all be treated

Salts

cyanide salts
oxide salts e’ names
peroxide salts
binary salts (-ide) some lides and amides
oxysalts (-ate) S, e organic peroxides

Keep in mind, howeyer, ere are different nam-
ing schemes, not al as simple as the
IUPAC naming system emphasized in this book.
This book provides a foundation to help you rec-
ognize hazardous materials and, in turn, begin pre-
dicting hazards and behavior. However, there is no
substitute for checking multiple reference sources
at a hazmat incident.
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Toxicity and Risk

Routes of Entry / Health Effects

Hazardous materials can invade the body through
several routes of entry/exposure:

¢ Inhalation—the rvaous route. Lungs

are very vulneral nd chemicals that
enter the lungs c absorbed into the
bloodstream and transferﬂ\o other organs or
body systems.

e Absorption thro- eyes. Eyes and
parts of the body ric hair follicles are particu-
larly susceptible.

ne (eating, drink-
th washing one’s

¢ Ingestion due t
ing, or smoking
hands).

¢ Injection throug
wound sustained

tch or puncture

Hazmat emergenci result in acute
(one-time or short- term) e ures, with effects
manifesting either i r within hours or
days. Effects of cl ted or long-term)

exposures are often no Ie for years.

Local effects occu
while systemic eff

he area exposed,
entire body.
The health effects sdemicals are fairly

predictable, but when two or more chemicals are
involved, the synergistic effect can produce dra-
matically different signs and symptoms.
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Some materials are particularly insidious in the
damage they cause:

Factors AffectifGIRISKI

Several factors aff

Carcinogens cause cancer.

Mutagens cause changes to the genetic mate-
rial of cells (DNA and RNA) that can be inherited
by offspring. Th neti nges can have nu-
merous effects, icIJ8IRG thel failure of important
biochemical pro

e can also cause
cancer.
Teratogens cause malfor“tions in an unborn
child. Exposure bryonic stage (first
eight weeks) c eformed or absent

limbs. Later expo. can result in physiologi-
cal and behaviorﬁs.

exposed persons:

The toxicity of the .

The form of th as, liquid, powder,
solid)

Dose (or concentration) to which someone is ex-
posed.

Duration and fre

Gender. (Chemi n have different effects on
the male and female rep tive systems.)
Age. (Young childien e elderly are often
more vulnerablcg*'

Individual susceptibi d gverall health.
Promptness and Jﬁ:ontamination and
medical care.
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The relation between exposure and harm can be il-
lustrated by the Dose-Response Curve. It’s the old
familiar saying: The dose makes the poison. Below
a certain threshold, a substance won't cause detri-
mental effects in the test population being observed.
However, as the dose increases, so do the health
effects. The dose-response curve will look different
for each substance n its toxicity. The
illustration below is iC representation.

100%
Mortality

50%

Dose (mg/kg)

Exposure Vers nation

The terms exposu qmmaﬁon are of-
ten used interchangeably, but they mean different

things.

A person can be e ithout being contami-
nated. Examples incluwwho have inhaled
a gas or vapor and those who have received a dose
of gamma radiationﬂ no risk of second-
ary contamination.

A contaminated per: Is who has the haz-
ardous material on his or her body, posing a risk of
secondary contamination to others. Someone who
is contaminated is also exposed.
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The most commonly used units of measure are
parts per million (ppm) and parts per billion
(ppb). These are straightforward representations of
how much contaminant exists per million or billion
units of the atmosphere. A concentration of 1% is
equal to 10,000 parts per million.

The chart below s rs th tion between con-
taminant concentration @nad gen concentration.
Note that at the p HA defines the at-
mosphere as bein ient (19.5%), there
can be 70,000 ppm of a con ant present. Many
substances are de er concentrations.

Oxygen
Concentration

1% 20.7%
2% 20.5%
3% 20.3%
4% (40,000 ppm) 20.1%
5% (50,0 19.9%
6% (60,0 19.7%
7% (70,000 19.5%

It's important to rec cause oxygen rep-
resents roughly one fifth of the_mormal atmosphere,
a 1% drop in the is really a 5% dis-
placement of the o here.

Toxicity Terminology ‘
Toxicity is sometlmr

in milligrams per
cubic meter (mg/i e igJno easy correlation
between this and pe y‘:e or parts per mil-
lion, because milligrams per cubic meter is based
on the molecular weight of the material, which is dif-
ferent for every substance. However, it is possible
to convert from one to the other with the following
equations.
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ppm = [(mg/m?) / (mw)] x (24.44)
mg/m? = [(mw)(ppm)] / 24.44

Milligrams per kilogram (mg/kg) measures dose in
relation to body weight. One kilogram equals 2.2
pounds.

A relative hazard | ddM'Mes a quick visual
representation (not“how common ex-
posure limits and t stack up against
one another. (The abbreviat and definitions are
covered on the followin

LDsg
LCs0 thal Dose
o or Lethal

LDjo ncentration
LCjo

IDLH

AEGL

ERPG

TEEL
Loc

TLV-C
STEL

PEL
REL
TV

L~ L~

A Relative Hazard Ladder (Not to Scale)
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LD Lethal Dose (LD, = 50% mortality rate,
LD, = first death)

LC Lethal Concentration (LC,; = 50%
mortality rate, LC, = first death)

IDLH Immediately Dangerous to Life and Health

AEGL Acute Exp Guideline Level (1, 2, or 3)

ERPG EmergencK se Planning Guideline
(1,2, 0r3)

TEEL Temporary Emerge
(1,2,0r3)

LoC  Level o CH
TLV-C Threshold Llii.ialue- eiling

STEL Short-Term re Limit
mit (OSHA limits)

PEL PermissiblH
REL Recommended Exposure Limit

TLV  Threshold ime-Weighted
Average (

xposure Limit

Exposure Limi
Lethal Levels

city Values:

Lethal dose (LD) oncentration (LC)
reflect the exposur ed to kill a given percent-
age of a test population. | dose is used for
solids and liquids i essed in milligrams
of chemical per kig g) of body weight.
Lethal concentrati for gases and vapors
and is usually expre per million (ppm),
parts per billion (ppb), or milligrams per cubic meter
(mg/md) in air. It is independent of body weight.
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The subscript notation refers to the percentage of
test population affected. LD, or LC; is the number
most often cited in reference sources. It means that
50% of the test population died from exposure to
the specified dose or concentration of the material.
LD,,, or LC,,, means that 100% died. (LD, and LC,,

100 100
mean the same thing.) LD, or LC,_ is the exposure

that killed the first irrWtest study.

50% Died
First Death

Approximated fru“dies on Anmials

These numbers arM from laboratory stud-
ies on animals, so an approximation
of how humans ma And the informa-

tion is very limited. cited in reference
sources is the LD, re’s no way to tell
what exposure leve € first 49% of the test
population. It’s the fi e LD, orLC,) that
matters most to el onders. Addition-
ally, the data shows ©nly fatalitieS, with no regard for
debilitating health effec by the survivors.
It also shows onl ies that occurred
within the test peri cally 14 days). So if test
subjects die a month later irect result of the
exposure, they're nwt echinto the statistic.

The distinction betwee nd highly toxic ma-
terials is based on , When albino rats
are subjected to ingestion, absorption, and inhala-
tion of the chemicals being studied. The precise
definitions of toxic and highly toxic can be found
in 29 CFR 1910.1200, Appendix A, but the down-
and-dirty distinction is that highly toxic materials are
deadly at far lower exposures.
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Proper personal protective equipment (PPE) is
required to protect against exposures in the lethal
ranges. Self-contained breathing apparatus (SCBA)
will be necessary to prevent airborne exposures.
Structural firefighting clothing may not be adequate;
chemical protective clothing may be required.

Exposure Limi
Action Levels

city Values:
ncy Response

The values we us
sponse are IDLH and LOC.
ous to Life and ) means an atmo-
sphere that poses threat to life, would
cause irreversible adverse health effects, or would

impair an individue?‘Ay to escape from a dan-
gerous atmospher

IDLH values were

joint project by NIO

lecting respirators

margin, IDLH valu pased on effects that
posure, but it was

might occur from a
not meant to imply, e'
environment without proper PRE any longer than

should stay in the
necessary. Rather, ever should be made to
exit immediately. | e thought of like an
SCBA low-air alar ndow for escape, not a
window for squeezing i itidnal mitigation mea-
sures in the time remainin

in emergency re-
ediately Danger-

loped as part of a
A as a tool for se-
lace. As a safety

H and OS

between a rescue
iond If a victim has been
exposed to the product at ove an IDLH con-
centration for more than 30 minutes, the chances
of survival drop significantly. However, IDLH is only
part of the risk-versus-gain analysis. It is generally
not possible to make a positive determination of
death from a distance.

IDLH is often used1o

98 « Toxicity and Risk



IDLH is generally based on toxicological data. How-
ever, where flammability is a significantly greater
risk than toxicity, IDLH may be set at 10% of the
lower explosive limit (LEL).

Level of Concern (LOC) is the value used to de-
termine the geographic area of risk in the event of

a chemical releasec;rhis is erally the point at
which evacuation inw tection measures
are implemented. MQh way of setting
community exposu one has no other
information. The protective n criteria defined
on the following pa definitive.)

of the IDLH. Un-
has no associated de-
t might be expected. It

94 —just like 10% of a
es a safety margin
the flammable range.

LOC is generally d
like the other limits
scription of health e
is simply a safety m
lower explosive limi
to keep from enteri

If you can't find | in your reference

books, you can esti em based on the
TLV-TWA. (TLV-TW; n page 103.) LOC
is generally defined e IDLH or 3 times
the TLV-TWA; thus IDLH is 10gtimes the LOC or
30 times the TLV-T ber, however, that
these are approxim .
General Definition | Alternate Definiti Rough Estimate

IDLH TLV-TWA

+ 10 _X30

LOC C IDLH
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Exposure Limits and Toxicity Values:
Protective Action Criteria

Whenever possible, emergency planning and com-
munity protection should be based on one of the
Protective Action Criteria (PAC) below:

¢ Acute Exposure els (AEGLs)
* Emergency Response*Planning Guidelines
(ERPGs)

e Temporary Eme ure Limits (TEEL)

Of the three Proteagti
the most compreh
choice if available.
TEELSs can be use

There are three Ac Guideline Levels
(AEGLs), each rep maximum airborne
concentration above which it IS predicted that the

general population i sceptible individu-
als, could experien

riteria, AEGLs are
hould be your first
the second choice.
i EGL or ERPG exits.

Level
AEGL-1 ritation, or certain
sory effects. How-
t disabling and are
ible upon cessation
of exposure.
AEGL-2 irreversitn rious, long-lasting

adverse
ability to

ffegts or an impaired

AEGL-3 life-threatening adverse health effects or
death.
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Emergency Response Planning Guidelines
(ERPGs) provide an estimate of concentrations
where one might reasonably anticipate adverse
effects for exposures that exceed an hour in
duration. ERPGs reflect only acute health effects,
not long-term complications.

ERPG levels are th Xim irborne concentra-
tion below which itlis believed that nearly all indi-
viduals could be ex one hour without
experiencing or de

escripti ‘

D
any::;hild transient health

effects or p, iving a clearly defined ob-
jectionablﬁ

ERPG-2 irreversibmmus health effects
or sympt Id impair an indi-

vidual's a rotective action.

Level

ERPG-1

ERPG-3 life-threat

Temporary Emerg
are temporary limits‘designed to'facilitate the emer-
gency planning process micals that don't
have AEGLs or ER are an approxima-
tion derived from ot a;they don’t undergo the
extensive study and pee iew associated with
AEGLs or ERPGs.

TEELs have the same tio's as ERPGs, with
two exceptions:

e TEELs do not specify a one-hour time frame.

¢ TEELs have a fourth level (TEEL-0), which is the
threshold concentration below which most peo-
ple will experience no appreciable risk of health
effects.
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Exposure Limits and Toxicity Values:
Workplace Environmental Exposure
Limits

Workplace environmental exposure limits (WEEL)
are established for workers without any special pro-
tective equipment. first e below represent
the maximum congentration 1@ which an average
person in average e exposed repeat-
edly on a day-to-d hours per week, 8
to 10 hours per day) with n erse health effects.
Each is established by a differeft agency. Often the
limits established ncy are the same,
but that’s not alwa ome of these pub-

lished limits will hawv “[skin]” notation, meaning
that there’s a potelﬁ dermal absorption and

that workers should'protect against skin exposure.
¢ Permissible Eﬁmits (PEL) are

established by th | Safety and Health
Administration ( are time-weighted
average (TWA) ons that, unless

exceeded during
workweek. (Time-
means that one can exceed the
limits, as long as
8-hour shift does
ause PELs are OSHA
mandated by law.

otherwise noted
any 8-hour shift
weighted avera
identified concentrati
the average exp
not exceed the
limits, compliance with

Recommendedﬁ Limits (REL) are
similar to PELs ingth are also time-weighted
averages for a 4 eek. However, they
allow for a 10-hour shift versus an 8-hour shift,
and they are recommended limits established
by the National Institute for Occupational Safety
and Health (NIOSH), not regulatory limits from
OSHA.
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¢ Threshold Limit Value—Time-Weighted Av-
erage (TLV-TWA) is also a recommended limit,
one from the American Conference of Govern-
mental Industrial Hygienists (ACGIH). It's based
on an 8-hour shift and 40-hour workweek.

Workers can exceed the permitted or recommended

exposure limits if th ay wi the short-term and
ceiling exposure li * ed below. Short-term
and ceiling exposur e either regulatory
limits or recommen endlng on wheth-
er they’re established by O r another agency.
(If reference books source, err on the
egulatory limit.)

side of safety and

¢ A Short-Term E

maximum conce| to which a worker may
be exposed for s (15 minutes, un-
less otherwise sures above the
STEL should be “at least 60 ‘minutes apart and

not repeated mo -as per day. (Often

this is written as

¢ A Ceiling Expo the concentration
that may not be ny time. (Often this

is written as TLV-C.)
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Odor Threshold

Odor threshold is the lowest concentration of a sub-
stance in air that can be smelled. It's helpful to know
the odor threshold and where it stacks up against
the toxicity values. Will people detect a substance
before they can be harmed, or is it dangerous at

concentrations welrw or threshold?

Caution: Some ste no odor. Oth-
ers, like chlorine, ory fatigue. When
people stop smelling chlor it's not necessarily
because the chlorine has dissipated. It may be be-
cause olfactory fat tructed their ability
to detect chlorine .

Additionally, peopl n their ability to detect
odors. For examp

| % of the population
is genetically unabﬁ bitter almond odor
of hydrogen cyanide. So odor‘threshold is nice to
know, but it's far fr i judging one’s po-
tential exposure.

Hazard Zones ?
Poisonous materials are somegtimes identified by

poison inhalation r toxic inhalation
zone (TIH). They thing. Four zones
are used for poison OT Class 2). Two
are used for poisonous subs es (DOT Class 6).
In both cases, Hazf is the worst.

Zone LC, > Cg= DOT Class
— m 286

200 ppm 1000 ppm 2&6
1000 ppm 3000 ppm 2
3000 ppm 5000 ppm 2

OO w>
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Pesticide Containers Signal Words

Pesticide container labels must include additional
signal words: danger (meaning high toxicity),
warning (moderate toxicity), or caution (relatively
low toxicity). The words extremely flammable are
also displayed on the label if the contents have a

flash point below 8W“q
Corrosivity and-ale

Corrosives are materlals f grade metals and
cause destruction isste. Corrosivity is
a measure of a ity to corrode—to
dissolve or wear a al action.

Corrosives are clas either acids or bases.

Acids are those c at release hydro-
nium ions (H,0*") d in water. Bases
(also called caustl or alkal/s release hydroxide

ions (OH"'") when d ater. (The super-
script notations *' al osmve and nega-
tive charges, respec n't see the release
of ions, but we can

ctivi a
ions, m with pH (which
stands for power of

The pH scale goes
tral. Chemicals wi
while those with a p
tic or alkaline). However, whe
classifying corrosiv
tions (40 C.FR. §
materials with a pH
with a pH of 12.5 or

with 7 being neu-
to 6.9 are acidic,
14,are basic (or caus-
comes to actually
of Federal Regula-
s acids as those

ss‘nd bases as those

Acids (pH O - 2) Bases (pH 12.5 - 14)
E3k Neutral (pH 7) R
R T ) I A
crrrrrrrerrrrrd
01 2 3 4 5 6 7 8 9 10 11 12 13 14
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The pH scale is a logarithmic scale, meaning each
number reflects a ten-fold difference in corrosivity.
For example, a solution with a pH of 1 is ten times
more acidic than one with a pH of 2 and a hundred
times more acidic than one with a pH of 3. At the
opposite end of the scale, a solution with a pH of 13
is ten times more alkaline than one with a pH of 12

and a hundred tiw line than one with
a pH of 11.

One of the most Mﬁerences between

acids and bases is the waﬂvhich they damage

human tissue:
¢ Anacidin contaMn will cause the tis-

sue to harden ev it eats away at that tissue,
thereby limiting t ge to some degree.

* A base, on the H«/ill soften and dis-
solve the tissue creating more penetrating
and severe injuri“o create a slippery,

soapy sensation
In both cases the continue until the
corrosive is thorou rom the body. And
frequently the extent of the injury is not immediately
obvious (somethin urns have in com-
mon with thermal

Corrosives often proWdiate irritation, but
it's not uncommon*o i e delayed. This is
particularly true with'co in solid form, which
don't start eating a e tigsue until they react
with the moisture ol Jsuch a corrosive on
dry skin might not be noticed until a person starts
sweating or takes a shower later in the day.
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Comparing Three Primary
Threats at a Hazmat Incident

We often evaluate hazmat incidents in terms of three
primary threats: oxygen deficiency, toxicity, and
flammability. These three threats affect some of the
decisions we have xample, what PPE
to wear or what pro s to implement.

This section is desi
three threats. However, it is
more thorough risk
at a hazmat inciden

ou compare these
substitute for the
generally needed

Evaluating Oxy eficient
(and Oxygen-E ) Atmospheres

The normal atmos s roughly 78% ni-

trogen, 20.9% oxygen, and 1.1% argon and other
gases. Although 2 is considered nor-
mal, we don'’t hit { es” until we drop

below 19.5% or rise Yo.

Oxygen-Deficient

If the oxygen level is above 23.5%, the atmosphere
is considered potentially explosive. An oxygen-
enriched atmosphere will cause any flammable
or combustible material to ignite more readily and
burn more fiercely. It's unsafe to enter an oxygen-
enriched atmosphere.
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An oxygen concentration of 19.5% is considered by
OSHA and NIOSH to be the minimum safe level.
Below that, the atmosphere is oxygen-deficient and
responders must wear self-contained breathing ap-
paratus (SCBA) or supplied air respirators (SAR).
Air purifying respirators (APR) are not acceptable,
even if they are capable of filtering the specific con-
ecause they don't

taminants in the xww
provide responders‘with @ source of oxygen.

Evaluating Ox - ent
Atmospheres

An atmosphere wit!g.s% oxygen is not
an immediate threat to life. ere’s still a margin

of safety. Howevemn deficiency does affect
mental and physic S.

Oxygen EMn Deficiency

20.9%
19.5%

eathing, ination,
perception, and judgment
6% diffi , convulsions,
inutes
L
he o e’concentration is an

aminant present in
er} comprises roughly
one fifth (1/5) of th osphere, a 1% dis-
placement (from 20.9% to 19.9% oxygen) means
there is roughly a 5% concentration of a contami-
nant gas. In other words, although your oxygen me-
ter shows a 1% displacement, that contaminant gas
is really displacing one part oxygen and four parts
everything else. Further monitoring is required.

Any displacement in tl
indication there m
the atmosphere.

108  Comparing Three Primary Threats



Note: Some atmospheric monitors, such as com-
bustible gas indicators, require at least 16% oxygen
to function properly. If the oxygen level is less than
16%, meter readings may not be accurate.

Evaluating Toxicity

Contaminant conrratiol‘oﬂen cited in per-
cent by volume in fair or In parts per million
(ppm) or parts per . A concentration
of 1% is equal to 1 r million (ppm) or
10,000,000 parts per billion W)

% by Volume m
0.1% \ 1 OOO 000
1% 10,000,000
10% A)O 100,000,000
The chart below, rH Chapter 7, shows
the relation betweerfcontaminant concentration and

oxygen concentrati

i oint where OSHA
defines an atmosp oxygen-deficient
(19.5%), there can be as 70,000 ppm of a
contaminant prese tances are deadly
at far lower concen :

(20,000 E;fng)ﬂ 20.5%

(30,0 20.3%
(40,000 p 20.1%
(50,0 19.9%
(60,00 19.7%

7% (70,000 ppm) 19.5%
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Some people like using

“hazard ladders” to plot im- .\f@ )

portant values. Hazard lad- N

ders can help you visualize —f— —FPPm

exposure limits and toxicity I

values in comparison to con-

taminant concentrations. —4— "
_ er ‘ 4 epm

This hazard laddef on s

page can be cu —f— PP

with small number: _ B ppm

ly toxic materials or larg

numbers for less texi ﬂ —f— —Fm

terials. m _ 8 ppm

Determine a helpf le —f— —Ppm

from O ppm to t - _ B ppm

est value you nee

Then plug in expo —L__  Opem

its, toxicity values, and me-
ter readings as ap-n

As with any tool, the trickpi ake it work for you
rather than twist y ots trying to fit with-
in the confines of t : isn't enough room
on the hazard ladder to plot alhof values identified
in this chapter, don’ it. If your objective
is emergency resp trate on IDLH and
the protective action you are evaluating
workplace exposure levels instéad, concentrate on

those values. r
J

110 » Comparing Three Primary Threats



Evaluating Flammability

The concentration of a gas or vapor in air is also
important when evaluating flammability. The most
important value in this case is the lower explosive
limit (LEL), which was covered in Chapter 1. Below
the LEL, vapors are too lean to burn. Above the

upper explosive “W ors are too rich to
burn. From the LEL*o the"UEL

gnition is possible.
This is the flammab-

Again, only atmospheres wel
to enter. OSHA prohibits worki
atmospheres with
EPAs recommende
25% of the LEL. Bo its (10% and 25%) leave
a good margin of el ard against everything
from fluctuations in igal concentration to
defective monitors rpreting the meter

readings.

10% LEL (OSHA Confi e Lllit)

25% LEL (EPA r Confined Spaces)

Margin ﬂ
Safe L» for Error nsafe at Zone) 4‘

Flammable X
3| Too Rich
to Burn

w the LEL are safe
in confined space
6 of the LEL. The
r environments is

Too Lean
to Burn

UEL 100%

Also important is flas| he minimum tem-
perature at which a odiCes enough vapors
to form an ignitable mixture in air. Flash point is
generally considered to be the most important tem-
perature in assessing the hazards of flammable and
combustible liquids. The lower the flash point, the
greater the hazard.
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Evaluating the Three Risks Together

For people who are visually oriented, plotting all
three threats on parallel hazard ladders can help
show which threat may be encountered first.

The oxygen-deficiency hazard ladder contains a

shaded section thar)rese‘he threat zone.
%W

The toxicity hazar reflects IDLH (im-
mediately dangero health), but it could
be modified to reflect other *s as needed.

The flammability hows only LEL, not
UEL, because it's v Il below the LEL.

ppm

19.3%
| I

19.5%
ppm

19.7%
ppm

19.9%
ppm

20.1%
ppm

ppm

205% 20.3%
ppm

10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 )

ppm

20.7%

20.9%
0%
0%

Oxygen Toxicity Flammability
Deficiency IDLH LEL
19.5% or below or
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Caution: Looking only at numbers on a hazard lad-
der can be misleading. You must also consider oth-
er relevant factors, such as how much of an escape
window you have if something goes wrong.

e An LEL atmosphere presents an immediate risk
if vapors ignite.

e An IDLH atmos;mmw s an escape win-

dow of up to 30 gh immediate exit
is encouraged. "-

* An oxygen-deficient atmo%re has an extend-
ed escape wind d safety margin at
the OSHA limit of #9:6%: member, however,
this gives no information about the hazards of
any contaminantﬁt.)

A simple decisid
matrix that weighs
probability of ri
against potential col
sequences is another
good tool that ce
be easily adapted
evaluate the dangers
associated with flam-
mability, toxicity, a
oxygen deficiency.

This simple decisi tri n be used in many
ways to evaluate tﬁ,pr and consequence
of risk. The examp e next page were writ-
ten to identify which \Jx trigger protective
actions, but it could be edited to reflect other con-

cerns. The threat with the highest score is likely
your first priority.
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Each matrix looks
at the probabil-
ity of reaching the
threat zone. The
flammability  ma-
trix then looks at
whether you can
eliminate ignition
sources. The othe
two matrices loo
at whether people

Flammability

able to eliminate
ignition soures?

robability of reaching
LEL and flash point?

are likely to de-
tect the product
and self-evacuate.
(Or if people don't
know the risks, are
they likely to sense
a chemical release)
and either evacu-
ate on their own or
call 911 and be di-
rected to do so?)

low high

probability of
reaching IDLH?

Again, this tool is Oxygen Deficiency

flexible enough to
be edited to fit your
needs.

probability of
oxygen deficiency?
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Cheat Sheets

This chapter puts several handy reference charts in

one easy-to-find location.
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Salts Overview

Salt Composition Naming
Binary metal metal
Salt + nonmetal + nonmetal root
(not otherwise listed) (ends in ide)
Metal etal metal
Cyanide i + cyanide
Metal Oxide metal
(Binary Oxide) + oxide
Metal metal
Hydroxide + hydroxide + hydroxide
Metal metal
Peroxide ( + peroxide
peroxide
Metal metal
Oxysalt t + oxyradical
ends in ate or ite)

ay include prefix
per or hypo)

Common Nami for Oxysalts

Metal metal) ate”
Metal - metal) ate”
Metal + “(nonmetal) ite”
Metal + nmetal) ite”
The Four Type rocarbons
Hydrocar Bond
alkane single
alkene double
alkyne J triple
aromatic resonant
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Common Prefixes

# Atoms Prefix Prefix
1 meth- mono-
2 eth- di-
3 prop- tri-
4 but- tetra-
5 rgiii penta-
6 hex- ‘ hexa-
7 m hepta-
8 - octa-
9 non-‘ nona-
10 # deca-
Hydrocarbon Férmulas
Type ﬂ Example
Alkane C,H, (Ethane)
Alkene C,H, (Ethene)
Alkyne i T C,H, (Ethyne)
Aromatic * C C,H, (Benzene)
* Styrene (C,H,) is a ion. It doesn't follow
the pattern of oth
Effect of Molecular Siz
Larger
Property cules Molecules
Boiling Point higher
Flash Point r higher
Heat Output higher
Ignition Temperatur lower
Vapor Concentration lower
Vapor Pressure higher lower
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Hydrocarbon Radicals

Original Hydrocarbon

Hydrocarbon Radical

Methane  CH, Methyl CH;-
Methane  CH, Form- H(C)=
Ethane  C,H, Ethyl C,H,-

Ethane C,H, Acet- CH,(C)
Ethene C{r ’;yl C,H,-
Propane C ot pyl C,H-
Propene  C, Acryl  C,H,(C)=
Butane C tyl C,H,-
Benzene C‘;HGo Piﬂ, Benzyl CZHZ-

Hydrocarbon

Hydrocarbon Deri Functional Group
ketones CcO

-

aldehydes CHO
organic (carboxyli COOH
esters COO or CO,
alcohols OH
glycols (OH),
glycerols (OH),
ethers (0]
organic peroxides OOorO,
nitros NO,
amines NH,
nitriles (cyanid CN

carbamates N NH,COO
amides CONH

thiols (mercapt SH

alkyl halides F, Cl, Br, or |

organophosph é P
hi-tech compounds , Si, As, Be, Sn, or Ti

* Alkyl halides may also be referred to as halogen-
ated hydrocarbons.
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Concentration Comparisons

% by Volume ppm ppb
0.1% 1,000 1,000,000
1% 10,000 10,000,000
10% 100,000 100,000,000
Contaminant &Mncentration

Contam Oxygen

Concent oncentration
1% (10,000 ppm)‘ 20.7%

2% (20,0 20.5%
3% (30,0
4% (40,0

20.3%
20.1%
5% (50,00 19.9%
6% (eo,o“ 19.7%
7% (70,0 19.5%

SAMI
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Chemical Name and
Formula Recognition
Based on a Chart Developed by Kevin Smith

Deputy Fire Marshal — Hazardous Materials
Chino Valley Independent Fire District

Note: These are g
sometimes variati
there may be excepli
rely solely on this chart.

es only. There are
rticular group, and
category. Do not

Formula
Prefix Suffix Contains *
— — R+ P
— acetate R + COO
— acid R + COOH
— acrylate R + COO
— al R + CHO
— alcohol R+ OH
— aldehyde R + CHO
— amide R + CONH,
— amine R+ NH,
— ane H & C only
iso ane hed) H & C only
bl ane C+FCl,Brl
— ate R + COO
— ate metal + ***
per ate metal + ***
— cyanide metal + CN
— cyanide R +CN
— ene H & C only
iso ene Alkene (branched) H & C only
— ene Aromatic H & C only
** ane Alkyl Halide C+FCl,Brl
— ether Ether R+0O
— glycerine  Glycerol R + (OH),
— glycol Glycol R + (OH),
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hydroxide Hydroxide Salt metal + OH

ic acid Organic Acid R + COOH
ide Salt metal + ***
ide Alkyl Halide R+FCl,Br, |
ite Oxysalt metal + ***
ite Oxysalt metal + ***
ketone Ketone R+ CO
mercaptan R+ SH
nitrile R+ CN
oic acid R + COOH
ol R+ OH
one Ketone R+ CO
oxide ‘ R+0
oxide metal + O

peroxide ganic Peroxide R+ O,

peroxide msmt metal + O,
sulfide fide metal + S

thiol T n R+SH
yne H & C only
yne ne (branched) H & C only

R + NH,COO
R +NO,

R stands for & hydrocarb@n radical

a halogen prefix (e ro, fluoro, bromo)
one or more

—
&
J
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Spill Estimation Chart

Developed by Kevin Smith
Deputy Fire Marshal - Hazardous Materials
Chino Valley Independent Fire District

The table on the n age constructed based
on assumptions u bygFE and the U.S. EPA
for emergency plapni es. The data and
formulations are rom Appendix G,
“Equations Used for the tion of Vulnerable
Zones,” Technical Guidance for Hazard Analysis
(1987), and from t alency Table, page
A-4, of the Handb al Hazard Analysis

Procedures.

Note: Weight assu@pec' ic gravity of 1. For
true weight, multipmmwn by the spe-
cific gravity of the . ecific gravity data
is available on M in various reference
sources.) M

Using the Char, ular Spills

This chart assumes that the spill is a circular one
and that the spill is 0.0 centimeter) deep.
(Note: These sam can be used for
spills contained wit

1. Determine either the radi r the diameter.
2. Read the “Gallofs” eight” columns in that
row.

3. If the spill depth is either more or less than one
centimeter, multiply or divide the numbers as ap-
propriate. (If measuring in inches, convert inches
to centimeters by multiplying by 2.54.)
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Radius | Diameter | Area Gallons | Weight
(feet) (feet) (sq. ft.) (pounds)
1 2 3 0.8 6.5
2 4 13 3.1 25.9
3 6 28 7.0 58.2
4 8 50 12.4 103.5
5 10 79 19.4 161.7
6 12 113 28 233
7 14 38 317
8 16 50 414
9 18 63 524
10 20 314 78 647
11 22 380 94 783
12 24 112 931
13 26 131 1093
14 28 616 152 1268
15 30 174 1455
16 32 199 1656
17 34 224 1869
18 36 251 2095
19 38 1134 280 2335
20 40 310 2587
21 42 342 2852
22 44 375 3130
23 46 410 3421
24 48 447 3725
25 50 1963 485 4042
26 52 | 21 524 4372
27 54 565 4715
28 56 608 5070
29 58 652 5439
30 60 698 5821
31 62 745 6215
32 64 794 6623
33 66 844 7043
34 68 2 896 7476
35 70 3848 950 7923
36 72 4072 1005 8382
37 74 4301 1062 8854
38 76 4536 1120 9339
39 78 4778 1179 9837
40 80 5027 1241 10,348
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Using the Chart with Rectangular Spills

If the spill is rectangular rather than circular, you
must first calculate the area of the spill to determine
gallons and pounds. (Note: These same calcula-
tions can be used for spills contained within rect-
angular dikes.)

1. Figure the arenmmti ying length times
width.

2. Find the closest match irﬂ‘Area” column.

3. Read the “Gallo
row.

ht” columns in that

r more or less than one
idegthe numbers as ap-
hes, convert inches
y 2.54.)

4. If the spill depth
centimeter, multi
propriate. (If me
to centimeters b

Conversion Fa

1 cubic foot = 7.48
1 cubic foot = 30.3 at 1 cm deep
1 gallon spill = 4.05"square feetat 1 cm deep
1 gallon of water = 8.34

1inch = 2.54 centi
Diameter = Radius
Area =Pix R2 (3.14 xR
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Acronyms and Abbreviations

ACGIH

AEGL
AIHA
atm
CFR
CSTI
DNA
DOE
DOT
EPA
ERPG

IDLH
IUPAC

LC

LD
LEL
LFL
LOC
mg/kg
mg/m3
mmHg
MSDS
MSST
mw
NFPA
NIOSH

OSHA

PAC
PEL
pH
PIH

American Conference of Governmental
Industrial Hygienists

Acute Exposure Guideline Level
American Industrial Hygiene Association
Atmosph

Code of Iﬁémaations

Californi raining Institute
Deoxyrib
Department of En:

Department of Traartation
Environnhon Agency
Emergen Planning
Guideline

ImmediatAerous to Life and
Health

Internatio-:’ure and Applied
Chemists

Lethal C i
Lethal D

Lower Explo: imi

Lower FI
Level of
Milligrams per Kilogr:

Material

Maximum Safe Stor: Temperature
Molecula i
National Fire 18h Association

National or 'ccupational
Safety and t

Occupational Safety and Health
Administration

Protective Action Criteria
Permissible Exposure Limit
Power of Hydrogen

Poison Inhalation Zone
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ppb Parts per Billion

PPE Personal Protective Equipment
ppm Parts per Million

psi Pounds per Square Inch

REL Recommended Exposure Limit

RNA Ribonucleic Acid
SADT  Self-Accelerating Decomposition

sl N,
SCBA  Self-Contained Breathing Apparatus

STEL Short-Te! Limit
TEEL Tempora Exposure Limit
TIH Toxic Inhalation

TLV-C  Threshol@ Limi Ceiling
TLV-TWA Threshol Time-Weighted
Average

UEL Upper E Limit

UFL Upper FI e Limit

WEEL  Workpla ntal Exposure
Limit

SAMI
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Index

Abbreviations 125-126

Acids 105-106

Acronyms 125-126

Action levels for emergency response 98—99

Acute exposure guidelipe le AEGLs) 95-96,
100 <w

Air reactivity 19

Alcohols 69, 71,7

Aldehydes 69, 71, 73, 74—7‘

Alkaline earth metals 27, 28, 4
Alkali metals 27-2
Alkanes 57-61

Alkenes 57-61
Alkyl halides (halog ydrocarbons) 70-71,

86-88
iynes 57-01 [
Amides 70-71, 85

Amines 70-71, 83
Aromatic hydrocarb
Atomic structure 32—
Atomic weight 33
Bases 105-106

Base state of oxyradicals 52—
Boiling point 7, 17,
Branched hydrocarbon&
Carbamates 70-71, 84-85
Catalysts 20
Ceiling exposure li
Relation to four families of elements 40—41
Types of bonds 38-40
Chemical formulas and illustrations 42
Chemical incompatibility 19

Binary salts 49-50
Carbonyls 69, 73—
) 95-96, 103
Chemical bonding 3 J
Why elements bond 37
Chemical name and formula recognition 120-121

Index ¢ 127



Chemical reaction 18—-19

Combustible liquids 14

Comparing three primary threats 107-114
Confined space atmospheres 13, 111
Contaminant concentration 94, 109, 119
Contamination versus exposure 93-94
Corrosives / corrosivity 105-106

Covalent bonds 3!

Crisscross rule 48%‘
Cyanides (nitriles)
Cyclo compounds

Decision matrix 113—114 ‘
etals 30-32

Diatomic molecule
Dieter’s top 13 non
Dose-response curve 93

Effect of molecular me& 117
Electrical charge o s 33-34
Electrons 33-35
Element form 32
Elements and compounds 21535
Huidelines (ERPGs)
95-96, 100, 101
Esters 69, 71, 73,
Ethers 69, 71, 79 ‘
Exothermic 19
Action levels for sponse 98-99
Lethal levels 96
Protective action criteri 101
Workplace envir en osure limits
102-104
Exposure versus cent: ion, 93—94
Fire point 11 J
Flammable (explosive) range 12—-13, 111
Flammable (inflammable) 14
Flammable liquids 14
Flash point 10-11, 14, 64-65, 111

Emergency respon

Exposure limits and toxici e
Flammability 10-14, 111-114
Floater 15
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Functional group 67-68, 71

Glycerols 69, 71, 78

Glycols 69, 71, 78

Halogenated hydrocarbons (alkyl halides) 70-71,
86-88

Halogens 27, 29, 41

Hazard zones 104

Health effects 91—

Hi-tech compoundslgo—! 88-+89

Hydrocarbon deriva-sg, 118

Defined 67-68
Naming similarities with SNBQ

Overview 69-72

Part 1 - carbonyl-
Part 1 - other 69;77-82

Part 2 - nitrogenmo, 82-85

Part 2 - Other 7
Hydrocarbon radic
Hydrocarbons 24,

Effect of molecul , 117
Four types of hy -59, 116-117
Names and form 17

5
health (IDLH)

Ignition temperatur
Immediately dange
95-96, 9899, 11

Incompatible chemicals
Inflammable (flamm
Inhibitors 20

Inorganic compounds

lonic bonds 38, 40

Isomers 43-44 ﬁ

Isotopes 34

Ketones 69, 71, 73,

Lethal concentration (LC) 95-98

Lethal dose (LD) 95-98

Lethal levels 96-98

Level of concern (LOC) 95-96, 99

Lower explosive limit (LEL) 12—-13, 99, 111,
112-113

1
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Matter 21-24
Maximum safe storage temperature (MSST) 82
Mercaptans (thiols) 70-71, 86

Metal cyanide salts 50-51

Metal hydroxide salts 51

Metalloids 23

Metal oxide salts 50

Metal oxysalts Szr

Metal peroxide sal 5&‘
Metals 22-23, 26
Miscibility 15-16

Mixture 21 ‘

Molecular formula
Molecular weight
Multiple double bords 63

Nitriles (cyanides) 84
Nitros 70-71, 82—
Noble gases 27, 2
Nonmetals 22-23,
Nonsalts 23, 39
Odor threshold 10
Organic (carboxyli
Organic compoun
Organic peroxides
Organophosphate
Oxidation state 55
Oxygen-deficient a
Oxygen-enriched
Oxyradicals 52-54
Periodic table of el
Permissible exposﬁ
Pesticide signal w
pH scale 105-106
Physical reaction 17-18
Poison inhalation zone (PIH) 104
Polarity 16

Polyatomic ions 48—49, 53-54
Polymerization 20

Protective action criteria 100-101

1,76

0-71,8

107-108, 112-114
es 107-108

—27, 115
) 95-96, 102
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Pure substance 21-22

Pyrophoric 19

Rare earth elements 26

Recommended exposure limits (REL) 95-96, 102

Relative hazard ladder 95

Representative elements 26

Resonant bonds 40, 57-58

Routes of entry 91’

Salts 23, 38, 45-5 o
Names and form
Naming similariti

tives 89

Overview 45-46
Types of salts 4h
Saturated hydrocarbons 59
Self-accelerating de‘ition temperatures
(SADT) 82
Semimetals 23
Short-term exposur 95-96, 103
Signal words 105 I |
12

Sinker 15

Solubility 15-17

Specific gravity 15

Spill estimation cha

Spontaneous igniti

Straight-chain hydrocarbo

Structural formula

Swimmer 15

Temporary emergencymlimits (TEEL)
95-96, 100, 101

Terms and definitio

Thiols (mercaptans)y 7 86

Threshold limit valu -C) 95-96

Threshold limit value—time-weighted average
(TLV-TWA) 95-96, 99, 103

Toxic inhalation zone (TIH) 104

Toxicity and risk 91-106, 109-110, 112—-114
Factors affecting risk 92-93

Toxicity terminology 94-104

ion 46-49
arbon deriva-
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Transition metals 26

Unsaturated hydrocarbons 59

Upper explosive limit (UEL) 12-13, 111

Vapor density 9—-10

Vapor pressure 7-9

Viscosity 18

Volatility 9

Water reactivity 1T

Workplace environ enM( ure limits (WEEL)
102-104

—
—
—
-
7,
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