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Chapter 1

Terms an
Definitio

This chaptergeover:

of terms tha e

throug t . O

ter e introduced

in su ent chaptess as ,
approp S\V
-

\ ¢
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Vapor pressure is the force exer th pors of a
product against the atmosphere o es of a container.
It is a significant factor in in heth&vapors can

“get to us.”

The h the vapor
is and ore rea
considered volatilgif i

more volatile a material
aporate. A material is
ates quickly.
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Vapor pressure is temperature . The higher
the temperature, the higher ssure.

—

700

600
500

re of Water (mmHg)

289 mmHg

7.5 mmHg
68°F/20°C

167°F 212°F
75°C 100°C
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Vapor density is the relative we
compared with a like volumeof ai
gases are heavier than air.

a

4

or or a gas
pors and most

A

()0
V'
ors and Most

avier Th
(Vapor Density Greate

12 ¢ Terms and Definiti

Some Gases Are
Lighter Than Air
(Vapor Density Less Than 1)




4

which a liquid
le mixture in air.
ombustion—is only
sidered
iquids.

Flash point is the minimum te
produces enough vapor to fo
(Fire point—where vapors
a few degrees higher.) E
the most important p
The lower the flas

Rich"Enough to Support
Combustion If Ignited

ﬁ Fire Point
Liquid at

-40°F /-40°C

Terms and Definitions ¢ 17



temperature required to cause sel
independent of an ignitiok e.

Ignition (autoignition) temperxsminimum

ed combustion,

A

Put more simply, it’s ‘

minimum tempera
to which a materi
be exposed befo
ignite.

h

The lo t ion
te e, the
great e risk of

arette
‘F/523.9°C

Ignition Temperature
of Gasoline
853°F / 456.1°C

ignition
N \
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Below the lower explosi \

lean to burn. Above
vapors are too rich

The wider the
range, the
which igniti

I

_ 76% - UEL
___Too Rich to Burn

Flammable Range
of Gasoline
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Only atmospheres well below t safe to enter.
OSHA prohibits working in cenfi

n atmospheres
T 'A’s reeommended
limit for other environ i f the .

with more than 10% of th

25% LEL (EPA'G ine ned Spaces)

| Safe LMargin fo

Too Rich
to Burn

100%

22 e Terms and Defihitiens



Elements a
Compou

Chapter 2 ~x
*\

To best un

hazardo

must nders and t
basti ng ocks that
compri

Elements and Compounds ¢ 35
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though{nost
hazardeus materials

Matter can be organized as illus be

Pure Substance

Metalloid

us on pure
bstances because it
s far easier to make
eneralizations about
them.

36 ¢ Elements and
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A pure substance can be either ent or a

e

compound (molecule) comprised more elements
chemically bonded. Elem e sentedgby a single
capital letter or by a capi e owed wercase
letter. Compounds ar‘ sented by for i

a
1’” ng
multiple elements. N

Eleme nds

N

Sodium Chloride (NaCl)

38 e Elements and Cv unds



Y

ments

The periodic table of elements
according to their atomic st 're divided into
metals and nonmetals (a ). The
vertical columns reflect hell electrons
(explained later), Whe$0

and size. Element
lower on the tab
density, specific

vier a u look
is gmﬁcan ct to vapor

The periodi s each element by

mic weight.

Atomic Weight
Symbol

44 e« Elements and Cv unds



Chapter 3

Chemical

Bondin
Understandi
bondi psS\ds
un chemi

reacti
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electrons
nt. The result is a

Ionic bonds are formed from th
from a metal element to a no
salt compound. Salts a

Metal ] their outermost
she i shell and exposing
a fille i 1eta elements accept the
donate i

Chemical Bonding ¢ 59
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Covalent bonds are formed be more nonmetal

same time. The result i

4

The nonsalt
compound pictu
on this page is
the hydroc
known as m
Hydro n

cov in Chapter 5.

Q\
60 ¢ Chemical Bondv




Let’s now look at the relation be shell electrons,
chemical bonding, and the b Vl four families
highlighted on the periodi be mber of
outer shell electrons is i n umeral
group numbers at th eac column.

the number of electie Q

Noble Gases
Halogens

} vin
Vlil|He
F |Ne|
CI | Ar
Br| Kr
| [Xe
At [Rn

similar

64 ¢ Chemical Bondv



Group I - Alkali metals are hig
Elements with just one elec
outer shell are so close to
condition of having a fil
they’ll react Vigorousl‘
outer shell electro

When in contac
produce fla
caustic run

, AR ane
i Sodium e
contact with dry,ir. \

v Chemical Bonding ¢ 65

Sodium

Potassium

gnite on




Group VII - Halogens are also o
away from having a filled ou
they're highly reactive too,
grab one more electron a
element to form an ios do
electrons with a no a

a covalent bond,

Halogens n
are powerfu
comb

parti re
more rful than
can bur ensely i resence even

Bromine

when no oxygen§,pre

Chemical Bonding ¢ 67
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Dash style illustrations are use is b to represent
the structural formulas of c

Chemical formulas can

many forms. Ethyl a igh

is most commonly waitten

C,H,OH. Its co %r ctural

formula (CH,C

Ethyl Alcohol (Ethanol)
C,H,OH or CH,CH,OH

present. Molecular
tween multiple

of elements, for example,
methyl ether (CH,OCH,).

v Chemical Bonding ¢ 69



Some products can have the sa C formula but
different molecular structuresg Th ucts are known

as isomers of each other.

N

Despite ng the s mitlas, isomers can have
measurably different ristics and hazards.

70 e Chemical Bondv



Chapter 4

Salts

In the world of
chemistry,
isn’t limite

Salts ¢ 71
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Most salt compounds are forme gh an ionic bond
between a metal element andsone nonmetal
elements, just like the farx ble salt (sodw chloride).

72 o Salts



Notable Exc¢e

3

Only a few salt ina m ) Examples

include am iu ride (N da onium nitrate

(NH,NO,). se th m ion (NH,) behaves
e h1s

like a n the w an ionic bond with

othe learer later in the

chap

Salts ¢ 73
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Characteristics common to m
e Salts are solid.

Salts are nonflammabl

[ ]

e Most are water-solu
e Many are water-r
produce a flam

74 o Salts

Don’t Inhale

Keep Dry




We'll focus on six types of salts;
easily recognized by names
specific (cyanide, oxide, h&

Salt

Compositio

Binary
Salt

Metal
Cyanide

Metal Oxide
(Binary Oxide)

roup | or II)
+ peroxide

Oxysalt

)

e of which are
Some are more

potassium cyanide

Na,O
sodium oxide

NaOH
sodium hydroxide

Na,O,
sodium peroxide

include prefix “per” or “hypo”)

NaNO,
sodium nitrate

Salts ¢ 75



Notable Exe¢ée S

x owever,
' ge (14), so it

behaves lik i ic bonding process.
such as ammonium
ate (Na,NO,), that don’t

Most polyatoml negativ.

Salts ¢ 89
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Chapter 5 o

Hydrocarb 'S
Many compoun
comprised offjust
elements (h d
carbon)gm, di

and rat .

are .

Hydrocarbons e

91



The four main types of hydroc (alkanes, alkenes,
alkynes, and aromatics) are distin by the bonds

between the carbon atom& A

Alkane

Benzene ¢ CgHg

Triple Bond Resonant Bonds

92 e Hydrocarbons v



All hydrocarbons have some co haracteristics.

All Are Flammable
or Combustible

All Have
Some D@
Awoaters f%cif

v Hydrocarbons ¢ 93
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Additional characteristics are in y the type of
bond between carbon atoms.4Single esonant bonds
are stable. Double and tw not. A
Alkane lkyne i
Single Bond
H

Stable, Toxic,

Some Carcinogenic,
Burn with

Sooty Smoke

94 e Hydrocarbons v



Notable Exc¢e \

fers from

atic hydrocarbons

an unstable

on bond outside

nant structure.

makes it prone to
erization.

ble
rbon Bond
tside the

v Hydrocarbons ¢ 95
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ydrocarbons.
e -yne ending
ay inwte either
an alkene or an aroma ok at the

Common naming schemes help
The -ane ending signifies an alka

, Propene
ne, Propyne
nzene, Toluene

Hydrocarbons ¢ 97



— ety oH,) 1
H-C=C-H i i triple bond
Ethyne * C,H, Ac ene is also
(Acetylene)

ne are commonly
thylene, propylene, and

98 e Hydrocarbons v



Chapter 6

Hydrocarbo
Derivativ

Hydrocarbo t ,
as the e ,
com derived fro
hydr ns.

Hydrocarbon Derivatives ¢ 111



Hydrocarbon derivatives (next

one or more hydrocarbon radicals

group. A hydrocarbon ra&
molecule in which
one or more hydroger‘

atoms have been
removed. Hydro
radicals cannot

by themsel eca

they are not
balanc h
hyd om
must
somethi se.

112 e Hydrocarbon

laced by

riginal’lHydrocarbon

4

re‘comprised of
d to a functional
)is a hwocarbon

ca Radical

"
H-C-

»

Methyl- (CH,)

Ethyl- (C,H,)




Hydrocarbon Radical + Functional Grou carbon Derivative

Hy) Ethyl Alcohol (C,H.OH)

Hydrocarbon Derivatives ¢ 113



Functional groups are similar t on radicals in
that they, too, are electricallygqunb because not all
available bonding sites a ional groups must

bond with something el \

114 e« Hydrocarbon v!tives
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type) of

radical tells us

The functional group tells us th
hydrocarbon derivative. Thedyd
the specific compound.

The OH functional gr
the illustration (ri
the compound a
The C,H, hydroc
makes it e Ico
opposed to

promﬂ‘o

Hydrocarbon Derivatives ¢ 115



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

(The “R” sta

0 Glycols
radic
loo R-0-O-R
exam
shortly.

Y C Organic Peroxides

116 * Hydrocarbon v tives
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Chapter 7 \s
&N
Fire Chemis
and Chemi
Reactio§
Let’s now t er look s
at so ﬁhe heémical \
rea entioned in
ear;se:s. v
PN \

ire Chemistry and Chemical Reactions ¢ 149
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Products of combustion vary, de he fuel.

Carbon dioxide (CO,) and carbon
are usually produced in 1 antiti
fire. Carbon dioxide is %
combustion, which rg suffici
la
cient t

to react with all th
oxygen content i

el. t
i o oxidiz ) )
the fuel present in bustion
produces c% i s are present at most
S r

fires becau y throughout.
Q(Lat don’ ive off hazardous
tion pro oken down by heat. For
i n

gent carbon tetrachloride
gas (COCl,).

152 e Fire Chemist: Chemical Reactions
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Oxygen content affects not just s produced but
also the intensity of the fire y it spreads. An
oxygen-enriched atmosp i se materials to ignite
more readily and burn . Fire urn in an
oxygen-deficient at :)well.
As the oxygen drops

154 e Fire Chemist: Chemical Reactions



Chapter 8

Toxicity
and RlSk

We’ll close

with a httl

on eva €
hea po d by

Toxicity and Risk ¢ 163
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The chart below shows the relati W contaminant

concentration and oxygen conc . At the point

where OSHA defines the a ere,as being Qxygen-

deficient (19.5%), there e ppm ntaminant.
at far'lower co

170 e Toxicity and 1»



A relative hazard ladder
shows the approximate
relation between vario

exposure values. We’&
briefly at those at 0
and bottom of t
but we’ll focus pr
those in th
action levels
respo

Lethal Dose
or Lethal

ry\tration
‘ )Levels N

le e

Workplace
6 Environmental
Exposure S
Limits v

Toxicity and Risk ¢ 173
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Alcohols 116, 126 le )
Aldehydes 116, 120, 122-123 « ersyl16, 120

Alkaline earth metals 64, 66 116, 1
Alkali metals 64, 65 ‘

Alkyl halides 118, 142—
Amides 117, 140
Amines 117, 136-
Atoms (structure of) 113-118
Bonds (types -63

Carbamates 1

ompounds 146
carbons 91-109
ormulas 102
Naming 97-101
Hydrocarbon derivatives 111-148
Hydrocarbon radicals 112-115, 119

Diatomic melecule 6
Electrons 48-51,
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Isomers 70, 103 xysalts 82-85, 88
Isotopes 52 « iodiertable 4044447, 55, 64

Ketones 116, 120-121 25-2

Mercaptans 118, 141 Polyatomic ions ,7—89
Metals 39-40, 59, 65, 6 olymerization 3
Molecular size (effect Product b 151-153

d definitions 7-34
apor density 12-16

Nitriles 117, 138 Salts =
Nitros 117, 135 3, 147
Noble gases 5 elements 86-88, 90
Nonmetals 39 s f 75, 77-82
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Vapor pressure 8-11
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Oxidation 156-15
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