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the pamphlet and the suggestions of your counselo

Your counselor can be as important to you as-a coach is to an athlete.
Use all of the resources your counselor can make available to you.
This may be the best chance you will have to learn about this particular
““subject. Make it count.

I you or your counselor feels that any information in this'pamphletis
incorrect, please let us know. Please state your source of information.

Merit badge pamphlets are reprinted annually and requirements
pdated regularly. Your suggestions for improvement are welcome:

comments along with a brief statement about yourself to National
vancement Committee, 5209 ¢ Boy Scouts of America » 1325

West Walnut Hill Lane » P.O, Box 152079 = Irving, TX 75015-2079 »
“merit.badge@Scouting.org.

WHO PAYS FOR THIS PAMPHLET?

This merit badge pamphlet is one in a series of more than 100 coverin
all kinds of hobby and career subjects. It is made available for you -
to buy as a service of the national and local councils, Boy Scouts of
America. The costs of the development, writing, and editing of th
merit badge pamphiets are paid for by the Boy Scouts of America in
order to bring you the best book at a reasonable price.
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Requirements

1.- Do EACH of the following:

a;

b.

Describe three examples of safety equipment used in-a
chemistry laboratory and the reason each one is used.

Describe what a material safety data sheet (MSDS) is and
tell why it is used.

Obtain an MSDS for both a paint-and an insecticide.
Compare and discuss the toxicity, disposal, and
safe-handling sections for these two common
household products.

Discuss the safe storage of chemicals. How does the safe
storage of chemicals apply to your home, your school,
your commuinity, and the environment?

2. Do EACH of the following:
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Predict what would happen if you placed an iron nail
in a copper sulfate solution. Then, put an iron nail in
a copper sulfate solution. Describe your observations
and make a conclusion based on your observations.
Compare your prediction ‘and original conclusion with
what ac¢tually happened. Write the formula for the
reaction that you described,

Describe how you would separate sand from water, table
salt from water; oil from water, and gasoline from motor
oil. Name the practical processes that require these kinds
of separations.

Describe the difference between a chemical reaction and
a physical change:
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Constrict a Cartesian diver Describe s function in terimg

of how gases in general behave under different pressurss
and different temperatures. Describe how the behavior of
gases affects 3 backpacker at high altitudes and 2 scuba
diver underwater.

Do EACH of the following:

& Cut a round onion into small chunks. Separate the
onion chunks into three equal portions: Leave the first
portion raw. Cook the second portion of onjon chunks
until the unions are caramelized, or brown Incolor
‘Taste each type of onion. Describe the taste of raw
onion versas partially cooked onfon versus cammelized
{i%{%% %gg%gg %’%&i §§§§%§ o molecnies in the onion

- Diesribe the chemica!l shailarition and differences
Between toothpaste and an ahiasive housshold cleanser
i*;%;gz ow the end use or purpose of 2 produes 2

ts chemical formuiation.

s

2 clear confginer, mix s Balfoup of water with 2
abisspocn of ofl BExplain why the ofl and water do ot
mix. Find 2 substance that will help the two combing,
and add it 1o the mixture. Describe what happened, s;zé
explain how that substance worked 1o combine the oil
and water.
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¥
]

w i

List the four classical divisions of chemistry. Briefly describe
each one, and tell how it applies to your everyday life.

Do EACH of the following:

4. Name two government agencies that are responsible
for tracking the use of chemicals for commercial or
industrial use. Pick one agency and briefly describe iis
responsibilities to the public and the environment,

b Define noflution. Explain the chemical sffects of ozons)

*%’ségé warming, and a30d 13in Pick 3 corrent environ:

yial *%ggs%ésg; as an example, Brislly éss‘s;%%s what

;%% re doing i resolve this hazand and 1o Increase

mderstanding of the robiem,

i
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o
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5%2%2 cribe the sffect on the

Using reasons from chemistry,

envivonment of ONE of the §
1} The production of aluminum cans or plastic

milk carions
2} Sulfur from burning coal
3) - Used motor oil
4} Newspaper
Briefly describe the purpose of phosphates in fertilizer
and in laundry detergent. Explain how the use of
?g%gaggi&g\ n igi';é;_ggs affects the f%s;{é??%%%; Also
igggg% §§£‘§;§3§;‘ 2

D0 ONE of the ollowing

ES

Visit 3 zboratory and iéi
what the chemig doss and wha
senpeded mwRas s é;:z?és

z?é&*ge&:% ‘{%ﬁ@g;gg; %%3%’ %gg% o
ot the sducation and haining

Visit an industrial plant that makes chemical products
or uses chemical processes and describe the processes
ased. What, if any, poliutants are produced and how
are they handled?

Visit a county farm agency or similar governmental
agency and learn how chemistry is used to meet the
needs of agriculture in your county.
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INTRODU

Introduction to
Chemis

‘Why does baking bubble when vinegar is
poured on 12 Wha dry ice vaporizes and
makes a spooky fog for aviel How can charcoal fo
the putside grill be m bon when diamonds are
made of carbon? ' ;

Chemistry answers these questions and many
studying the substances that make up our world and
How substances react with each other, how they cha
ceriain forces connect molecules, and how moleculs

molecules that cannot be seen—but can be proven o
and yow become a chemist.

ATSTRY







Chemistry
and Chemicals

Chemistry is one of the physical sciences. Science is the study
by which people try 1o understand and explain our world and
the universe in 2 rational, logical manper Chemistry is some-
times called the central science because iis properties are
important to biologists, physicists, geologists, and astronomers
alike. Chemistry is present throughout modern society in medi-
cine, manufactoring, and agriculture.

What Is Chemistry?

Chemistry is the science of the study of matier. Matter is any-
thing that has mass and ocoupies space. Chemistry includes
the study of subsiances; their structures, properties, and reac-
tions; and the energy changes of those reactions.

The Building Blocks of Our World

Chemirsls are made of molarsies, and molecules are made of
gfns Look ot water His s chemical A waler molecule is
swo hydrogen atoms aiached 1o one oxygen siom.

CHEMISTREY AND UHEMICALS

Tewo million atoms
canfitonthe fip
of & pin.

Hydrogen and oxygen ore sloments found In the periodic table.



comman isolope.

by the Infernciional Union of
The nomes of sloments
11318 o teiain

PERIODIC TABLE

Alkol metnls Actinide series
Alkoline sorth Melns Other Metols
Transifion melols Meiclioids
Unknown chemicol properties Other nonmetals
i lonthanide series Nobls gases
Halogens
| Discovery claimec
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CHEMIZTRY AanND TUHEMITALS

Chemicals are considered e subsianres because
they are made up of only one type of substance. Often we
encounier mixtures of séveral chemicals. Milk for example, is
mosily waier Yet, milk also contains other chemicals such as
calcium; fats, proteins, carbohydrates; vitamins, and minerals.
You can pick up the container of any commercial food or
household product—like cereal, deodorant, or vitamins—and
read the list of ingredients. All these ingredients are chemicals.
Even the botile and label are chemicals)

Compounds
eaea—— W hen writing chemical formulas; chemists show the number
of gach type of atom In'thé compound. For example, the
Mathans. the molecular formula of 'methane &8 CHy, which means that there
main compound ars %sg hydrogen (H,) atoms §§§ one carbon
{0 atorn in each molecuie ol msthane A
in natural gas, strocinral formula shows how these atomg
may be used to are arranged.
Ghen chemistsnesd inknow how 1o
heat your home. draw the siraciures of compounds. By
knowing the structurss, thev can
TSS——— then sndentand manyv ol the

Some molecyies are very
sunple, containing only a few
atoms. The air we breathe con-

tains oxygen (O,), nitrogen (N},
and ‘carbon dioxide {CO;); along with
other gases. Other molecules are more
conmplicated. Some contain
dozens of atoms. while
others contain hundreds
oF even mithons of
suonse (O]

acid {DNA} within our colis
hydrogen, niteogen oxygen, and phosphores, but # conlains

miflions of these atome In specific rombinations.

12 CHERNSTRY



CHEMISTRY AND CHEMICALS

What Are Chemicals?

When people hear the word chemnicals, they may feel afraid.
They unconsciously may think that all chemicals are poison-
ous, but not all chemicals are even dangerous. Remember that
water (H,0) is-a chemical.

Everything in your house is made from chemicals, includ-
ing the food you eat and the clothes you wear. Even your body
is 'made of chemicals. To live and breathe, you must continu-~
ously carry out many chemiical reactions within your body. You
eat complex molecules of carbohydrates, fats, and-proteins.
Your body uses these molecules for energy and to make new
biomolecules for tissues such as muscle, hair; and nails.

Chemical Reaction or Physical Change

In a chemical reaction, the atoms in a molecule are combined
or rearranged with-atoms in another molecule to form a new
compound that has different physical and chemical properties.

Combustion
Combustion is one way to tell if a ’ 3
chemical change has taken place. Try e

this experiment with a flame—one sign L (\/\C j

of chemical change. Look for another )
clue of a chemical change. (\ @& v))
Step 1—Put on safety goggles. Stand a ( ™ _j ‘
short candle (2 or 3 inches tall) in a G

bowl, with water about a half-inch ( L
deep. You may: attach clay to the can- 9
dle and bowl to help keep the candle X
upright. Light the candle. Hold a cold,
dry glass cup (not plastic) upside down
over the burning candle. Does moisture
collect on the inside of the glass?

Three clues a chemical reaction is taking
place are: {1} flame is present; (2} gas is
given off; and {3} color changes.

CHEMISTRY 13
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Step 2—Set the glass upside down over the candle. Note how
and when the level of the water in the glass rises: Does the
water now occupy. about one-fifth of the volume of the glass?

WHAT HAPPENED?

The three things necessary for combustion to occur are heat,
fuel, and oxygen: Dry air'is about 21 percent .oxygen-and 78
percent nitrogen by volume, with small amounts of other gases
such as carbon dioxide and hydrogen. The flame in this experi-
ment actually goes out before all the oxygen is consumed,
while the heat of the flame causes the gases to expand. When
the flame goes-out, the temperature in the glass drops, causing
the gases to contract-and the water level to'rise quickly. What
is left in the glass is mostly nitrogen.

Chemists use equations to show the reactant and product
molecules. Candle wax is often a variety of waxes with long
chains of carbons and hydrogens: An equation for the combus-
tion of hexamine, a common wax; is:

Reactants -+ Products
C5H12N4 + 602 b 3CO§ + 6H20 + ZNZ “+ he&t



Physical Change

Ice melting and water evaporating are examples of
physical change. In contrast to chemical reactions,
physical change does not form new compotnds.
Water is still H>0 whether it is a liguid; solid, or
gas. The change from one state to another does
not change water's molecular structure:

Every spring, physical change occurs naturally
when solid ice on mountaintops melts, flows as water
downhill, and evaporates 1o water vapor, This can be
represented by the eguation

= Bl g =g anice skale

Iy ice is frozen carhon dioxide Atvoom emperature B mesthe ivsinst

changes divetiy from s solid o 2 gas. The surface emperahine :

AT Bro ios ix vore E A " per helow e blade
sothatice shaters

Can Blaster ctually giid

s . i . P g soiig =

Find an adulf fo help vou with this experiment, Warn peonle g

in your area that this experiment will be noisy. onwaler

Step 1-—Put on safety goggles o protect your syes.
E
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with ive water

sluminum soda cans
The smaller the

of the can, the better.
Step 3—Put on oven
canon a stove burner
Turn the burner on
high. Once steam
begins to rise from
the can, heat it for
three more minutes.
Caution: Keep your
hands away from the

Sepd—Tum
off the heatt
Wearing oven
mmovs e oan,
farn I npsiis




CHEMISTRY AMD CHEMICALS

WHAT HAPPENED?

The volume of a liquid expands by a factor of more than
1,000 when it becomes a gas. Imagine the steam inside the
can pushing out-the air molecules as it starts to boil. The
molecules of steam in their high-energy state spread out,
with most escaping out of the top of the can.

car.

When the can is inverted in the ice water, the water vapor
becomes trapped in the can. The ice water quickly cools the
can and the steam inside. The gas steam contracts by a factor
of more than 1,000 when it liquefies. Suddenly, the pressure
. inside the ‘can drops and the can implodes: Bang!

CHEMISTRY 17







SAFETY AND CHEMISTRY

Safety and Chemistry

Some chemicals are safe
enough to be eaten——
such as sugar, cooking
oil, and baking soda.
Other chemicals are so
potentially dangerous
that you need to wear
gloves and safety goggles |
when you handle them.
Examples of dangerous
chemicals are bathroom
cleaners, drain cleaners,
and acids. Many chemi-
cals must be stored
safely to avoid possible
fires or poisonings.
Flammable materials
should be stored away
from heat and flame;
which are sources

of ignition.

Storage in Your Home ——

If you have younger brothers and sisters, make sure your

parents place childproof locking devices on kitchen and bath-
room cabinets. Before storing a chemical at home, read the 3 chemicalin
label. If the label recomimends to keep out of reach of children,

Never store

store the chemical in a high or locked cabinet. Chemicals such e i

as drain cleaners and bleach have warning labels. that was not
made forit.
R

CHEMISTRY 18



SAFETY AND CHEMISTRY
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Storage in Your School

At most schools, all chemicals are stored in a common area,
often organized by hazard classification. Schools try to select
less-toxic chemicals and minimize chemical use to reduce waste
and safety risk. Teachers working with chemicals receive train-
ing in safe storage, proper use; potential hazards; and disposal.
Schools have a chemical spill plan in case of an accident.

Storage in Your Community

Businesses in your community use chemicals that can be toxic
if not stored or used correctly. A spilled chemical on a business
property could be washed by rain into a local stream; which
could drain into a town’s water supply. Government regulates
the proper use, storage, and disposal of chemicals.

Material Safety Data Sheet

What would you do if you accidentally
splattered a chemical in your eyes? You
should read the container’s label and
follow the instructions. The label might
tell you to rinse your eyes thoroughly and
seek medical attention. In the hospital’s
emergency room, the nurse would ask
what you splattered in your eyes. A bug
killer called Bug-B-Dead might be all
you knew. The nurse would know the
chemicals were pesticides, but which
one? A material safety data sheet is
important in these situations.




SAFETYANDUHREM

By 1.5, faw, afl chemical manufaciurers and Importers of
hazardous subsiances—like pesticides, household cleaners or
even paint—must write an MSDS 1o 128 users shout potential
hazards. An MSDS gives both consumers and emergency per-
sonnel the correct procedures for using'a patticular substance.

An MSDS sliows the hazasdous chemical manaiachier i
alert the §§§’§§§Z§ user and $§§§§§§§3 ?%E“i%%g%% about impor-
;%ggggs an %%i%’i %;g inchuge i‘t?%’%%é gata

Fash point refers
1o the lowast
tEmperature gt
which chemical
vapors wil ignits
when sxpossd

mfame,

. and §§§§§§§§§§g (it a%% %%é

crEsmsTRY Z21



A material safety dats sheet [MSDS] will contain several sec
tions, sll required by US. law Eight sections are now reguired
on an MSDS, though some intemationally formatied material
safety data sheets will have 16 sections.

The eight required sections are, with descriptions:

Section 1: The identity of the material and the manufacturer’s
name, address, and emergency phone contact information,
Section 2: Hazard Ingredients. This section fists all of the
hazardous ingredients in the product. as well as some of

the exposurs limits.

Section 3 Physical and Chemical Characleristics. This section
telis what the product will look fike, smisll like, and alsc with
what # will react

Section 4 Fire and Explosion Hargrd Dats Thisssotionlisic the
fash points, Srefighting materisldfmethods, and any unusus!
Burning cheracteristios of the product,

SBection & Reactivity This section Isils whst and how other
chermnicals will react with the product

feontinusd on pags 24}



iﬁﬂi‘;ii& SAFETY DATA SHEET commmimnimosn- 1

Paint Company, Inc.
987 Cominercial Street, San Carlos, California 94070
IRFORNMATION PHONE e Mz Ry EMERGENCY: S00-424-9300 {Chamiroc)

i - PRODUCT IDENTIFICATION

AR CODER:
wERW

Sige FEECENTVEATE S

VR of s P ey pelban WA e § 35—
VANS ISITT Rl e et vl EVANSATENMBATE Smer Sy
S L FIRE ANDESPLIRH HAZARDB BATS

FEARBMARRITY CLASSE

SO MY

4}

i

AR ERT Neee EXTRNE

EAND i»ﬁéfii%f}% HATARTE: Tl ronisions vind eaphods {0y So e Sadlfan o sws proniuen i e
expsd i

SPECIAL FIRE FIGHTING FROCEDRRES: Moo

- REACTIVITY DATA

STARNITY: Sukds HAZARDU POUVMERIZATERE: Will Mo T,
INCOMPATIRILITY DIATERIALS TO AVORIYE St caidiiag s CUBER RS TEF AV ok
v i S Bssnd ey

Soevirns Huw




Section & Heatth Hazard Data. This section fists any kmown routes
of entry into the human body, as well 25 the sssociated heshih
risks from each route of entry. | also lisis any known cancer
rasaarch that may have bsen done on the prodoct

Section 7: Precautions Tor Safe Use. This section lists procedurss
1o use in case of accidental spills, as well as information about
proper disposal.

Section 8: Control Measures. This section fists ways to avoid
making contact with the human body such as respiratory protec-
sion, gloves, and ventilation.

< & S
5 L
i i e . - Ee
e AT B = §

FE-FERATESIS RSN ST

sy S

W...§
o )
Bipizaist asif winel copenioimonall it eboalinie .
[TV CORTROL. MEASURES
PR A BT T i it
o e s T s e
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SAFETY AND CHEMISTRY

Safety Equipment

Chemistry experiments are fun as long as everyone:is safe.
Make sure your experiment is safe by learning about recom-
mended safety equipment.

Safety Goggles

When working with chemi-
cals, wear splashproof
goggles to protect
your eyes from

spilled or splattered
chemicals.

Remember: that
goggles worn

around your neck or
forehead do not protect
your eyes. Some state laws
require every person in the
laboratory to wear goggles.

Fire Blanket

Most clothing is flammable. If someone’s clothing catches on
fire, wrap the person in'a fire blanket to cut off the supply of
oxygen to the flames, just like snuffing out a candle:

CHEMISTRY 25



Safety Gloves

Disposable gloves like those used in the medi-
cal or dental profession are safety gloves.
Some chemicals, like acids, are unsafe for
skin:contact. Although some substances
can soak through gloves, this extra
layer of protection can save hands
from a chemical burn.

First-Aid Kit
For minor cuts; burns, and abrasions; have a first-aid kit
handy. The supplies in a first-aid kit also.can work for tempo-
rary assistance until proper medical attention is available.

oy
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SAFETY AND CHEMISTRY

Fire Extinguisher

If a flammable chemical is spilled near an open flame,
a dry chemical fire extinguisher can be critical in
putting out a fire.

CHEMISTRY 27
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ANALYTICAL UHEMISTRY

Analytical Chemistry

Often, a chemist or chemical technician is given a sample and
asked one of two questions: What is in 2 or How much of
some specified material s in it?

Finding answers to these two gquestions is what analytical
chemisiry is-about. The first guestion deals with gualitative
analysis: What is in the sample? The second question deals
with gquantitative analvsis: How much s in it?

Quantitative Analysis
Suppose you are an analytical chemist given a mvstery clear R
acid. Your boss asks, “How much acid is in the solution?”
You can find the answer by carryving out a chemical reaction. Concentration
If it is an acid, it will react with a base. is the masiire
of how much of

a substance is
mixed with a

setvolume.

AW A T L

For example, vinegar contains acetic acid. Baking soda,
of sodium hydrogen carbonate, is 3 base. These two ingredi-
ents produce gas when reacting, similar to the acid indigestion
tablet experiment in the introduction.

CHEMISTRY 29



Jrop adirfy penny

ALYTICAL CHEMISTRY

inaglassofcola

Letthe penny

stay inthe cola

gvernight. How

does the penny

look in the

marning? The

acidinthe colais

strong enoughto

clean the coin.

30
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To see how bases react with acids, try this experiment.
Pour about a quarter cup of vinegar into a bowl. Drop a tea-
spoon of baking soda into it. Stir Repeat these last two steps,
adding baking soda and stirring, until no more bubbling
occurs. How many feaspoons did it require? The foam is due
to the release of the product gas, which 15 carbon dioxide

When the sclution no longer has an excess of either acetic
acid or sodium hvdrogen carbonate, the base has neutralized
the acid. The chemical formula that illustrates this experiment
isas follows.

HCH30, + NaHCO; = NaGH 0, + H:O0 + €0,

Acstic Sodinm Sodinm Water Carbon
acid hydrogen . acetate dioxide
carbonate



ANALYTICAL CHEMISTRY

Qualitative Analysis

Now ask the cther kind of question analvtical chemists ask:
Instead of how much, ask what is in the sample.

Toothpaste vs. Abrasive Cleanser

Rub some toothpaste between two fingers. Now do the same

with an abrasive household cleaner and a drop of water. How
are they the same? Like many household items; the labels list
the ingredients. Copy the table below and fill in the blanks.

Type of ingredient Toothpaste Household cleaner

Abrasive {often
carbonate or phosphate}

Surfactant {detergent
like sarcosinate}

Solvent (water)

Fluoride {enamel
hardener)

Additives {perfume,
color, flavor)

Both items clean by using abrasive
action and a detergent. Two important differ-
ences are the fluoride in the toothpaste and
the type of detergent, called a carbonate.
Fluoride reacts with tooth enamel to make
it-a harder surface, which is therefore less
prone o tooth decay. Fluoride also fights
cavity-causing bacteria.

Calcium carbonate is typically present
in both products, but sodium carbonate is:in
only the abrasive household cleaner. Sodium carbon-
ate'is a harsher abrasive. If sodium carbonate were used on
your teeth, it would scratch the enamel.

CHEMISTRY 31






Biochemistry

Biochemistry is the study of the chemical basis of life. But what
is life? The simplest unit of life is the cell. All living organ-
isms-—{rom the smallest bacterium to the largest mammal—
are made of one or more cells.

BIOCHEMISTRY

Typical animal and plant ceils

Animal cell—thin section of Plant cell—thin section of a
a generalized animal cell generalized cell from a higher plant

- MITOCHONDRION ~ - AL , CHLOROPLAST

CENTRIOLE PLASMA MEMBRANE

ENDOPLASMIC
RETICULUM
CYTOS0L =

GOLGHAPPARATUS

FILAMENTOUS -
CYTOSKELETON

NUCLEUS

LYSOSOMES

PEROXISOMES YACUOLE

i OAODKM

Many biochemists study these proteins to-understand the
reactions necessary. for life. Proteins are important in biochem-
istry because some of them catalyze (make faster) the reactions
that need to-occur for a cell to survive.

There are many different types of proteins. Most are dis-
tinct to specific cell types or organisms. This distinction has
helped biochemists and medical personnel identify and treat
many diseases.

CHEMISTRY
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Photosynthesis

Plants, algae, and somie bacteria have the unique ability to
use sunlight to chemically convert carbon dioxide and water
into sugars, oxygen, and energy. This chemical reaction can be

written as:
6C02 + 6H20 o ot Ceﬁlzoﬁ + 602
Carbon ~Water ~Sunlight = Sugar Oxygen
dioxide

Why are these reactions so vital? The above formula gives a
clue. Plants use carbon dioxide to-make sugars. During this
process; plants release oxygen into the atmosphere. Animals
cannot make sugars: from carbon dioxide. So, they eat plants
to get the sugars-and other compounds that they cannot make
independently but that are necessary for life. Animals also
need - oxygen to-break down the carbohydrates in food to have
energy for life. This would not be possible without the oxygen
that plants produce.

34 CHEMISTRY.



Agricultural Chemistry

Although we take most of it for granted, chemistry’s benefits

to agriculture are phenomenal. There are feriilizers, fungicides,

pesticides, growth stiniglators, and weed killers. Chemicals for

inhibiting the sprouting of polatoss and ondons and for delay-

ing the ripening of frults afe tsed in large Guantities: Lime

iz important for neutralizing acid in soils, thereby Improving
E%gz 1S, Department of Agriculiure, ‘i%z%};;—g% s regional

Isbowstorios and Agricainnsl Heseawh Sorvico, sponsois ieseach

waork I the development of agriculiansl chemicals, These

o farmers through county agents,

’“ﬁiz
W%

deve orEnens are pazssdoont

Fertilizers
Planis need more than carbon dicyide and water 1o survive.
They nesd 3 great many minsral nutrients: Because plants ¢an-
not move around, they must rely on thelr surroundings for the
needed nutrients. I these aais%ﬁsﬁﬁs become depleted; the
plants can die. To prevent crop loss, many farmers and
gardeners add commercial fertilizers to their soils.
Fertilizers %§S§§§§’ are labeled %%%éz three num-
”“*{%&’3 §§§§ o §§% amounis of é};&% §“'§§§§§§"
E%g—f ??‘ §%§§ = fég ’;"%Ef
the gmount of the slement
the pnercentage of phospl

Visit a county farm
agency, county
agricufural
sxisnsion office,
or simiiar
governnient
ggencyisisam
by chemishry
isgsed lomest
the neads of
agriculture in your
tounty. The
infernet i ussfl
foriocating
agencyisisphane

mumbers and

B
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Why do plants need nitrogen, phosphorus, and potassium
to grow?

Nitrogen is an important part of proteins and nucleic
acids. In addition; each molecule of chiorophyll contains four
gen atoms. Most plants cannot use nitrogén from the

g

s

B

i
s

Carbon Dioxide-Oxygen Cycle

Both carbon dioxide and oxygen continually move incycles in
11 the process of photosynthesis, plants use the carbon




The Chemistry of Cooking

There are several reasons to cook our food: It is easier to
chew and digest, it is safer from food poisoning, and it may
taste better.

Onion Chemistry

Onions are an ancient vegetable.

The ancient Egyptians-used onions

for medicine and in mummification.
Today, all around the world; onions
are used primarily for their great flavor.
What happens when you cook onions? Why
do people prefer onions cooked instead of raw?
Cooking is chemistry in-action:

CHEMISTRY

BIOCHEMISTRY
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ONIONTASTETEST

Ask an-adult to help-with this cooking experiment and use hot
pads at the stove.

waﬁiﬁmm; TH

Raw onion. Use a knife to cut an-onion into chunks. Taste a
piece of the raw onion.

Translucent onion. Line a pan with a few tablespoons of
cooking oil. Warm the oil over medium heat on a stove burner.
Add onion chunks.: Cook and stir for-about three minutes, until
the onion becomes translucent (kind of see-through). Remove
half the onions and cool. Taste a translucent onion. How does
it taste different from the raw .onion?

38 CHEMISTRY



e BIOCHEMISTRY

Caramelized onion. Continue
cooking and stirring the
remaining onions in the pan

k) for another 10 minutes over

'5 medium heat. The onion will
become brown, or caramelized.
Remove the onion from the heat
and allow it to cool. Taste the
caramelized onion. How does
it taste compared with the raw
and translucent onion? Why?

HOW IT WORKS

In the raw onion, you taste
the bitter thiosulfates. The
thiosulfates are volatile, which
means they evaporate easily. When onion is heated in cooking,
most of the thiosulfates evaporate and the enzyme that produces
them is killed——so the translucent onion does not taste as bitter.

When the onion is further cooked to caramelization, it
turns brown: The heat converts the onion’s carbohydrates into
simple sugars that, like fructose and glucose, make the onion
taste sweet.
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Carbohydrates

Carbohydrates are the sugars and starches in foods. They come
mainly from vegetables. The cellulose of wood and other
fibrous plants is a carbohydrate that humans do not have the
enzyme to digest.

There are two main ways to cook carbohydrates: toasting
and boiling. - When toasted on a hot fire, the carbohydrates in
foods such as breads break down to'give carbon and release
water and other decomposition products. With a cooler fire,
the sugars are changed into a light brown caramel, which has
a-pleasant flavor. With this type of fire, some of the starches in
bread are changed to-sugars.

In cooking vegetables and cereals by boiling, some of the
changes are physical. The starch granules absorb water and
may burst. Some hydrolysis (reaction with water) occurs and
there is some conversion of starches to sugars. The woody
stems of green vegetables, made of tough fibers; become ten-
der and easier to chew because swelling softens these fibers.

Proteins

Proteins come from lean meats, fish, eggs, milk, nuts,-and some
vegetables like beans and peas. Proteins are made from amino
acids. It is important to eat enough proteins because there are
some ‘amino acids that humans cannot make.
When cooking proteins, it is better to use
low rather than high temperatures. Boiling and
baking are better than frying; broiling, or
steaming. A poached egg, for example, is more
digestible than-a fried or scrambled egg:
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Fats

get the fats we need from meats, butter, oleomargarine
{made from vegetable oils}, and oily vegetable materials stich
as olives and nuts. The right way to fry and cook fat is to doit
slowly. This prevents the formation of acrolein, carbon, and
other bad-tasting and indigestible compounds.

Baking

In baking bread, cooks rely on the generation and expansion of

carbon dioxide to make the dough rise. Moisture and heat help

to break up the starch granules and make them easy to digest.

Fat used in making pastry ¢oats the starch molecules so that

they do not stick 1ogether. This gives the pastry a flaky texture
One way 1o producs carhon dioide In baking s to add

ture; food, and warmdh, The by-produdts of the veast reaction

are carbon dingids and sloohol, which vaporizes In haldng,
The oiher method o produce carbon diovide in haling i

o eact @n okl with the Hoarbonate This chemical reaction'is

Le the vinegar and haking sods experiment.

e

i

it

Mixzsackage of
Bakersyeasivah
ghoutahaifoup
of yery warmiag
spoonhi of sugar
Pouriinan
empiy soda botlle
andseaithetop
with a halloon. Let
the bottle sitina
warm place foran
hour. Did some-

thing changs?
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Inorganic Chemistry

Inorganic chemistry is the study of all elements and their com-
pounds except carbon compounds. (You will understand why
carbon is excluded when you study organic chemistry.) Metals
are-among the most useful inorganic materials. In general,
metals can be recognized by their shininess; hardness; and
ability to conduct heat and electricity. Jewelry, paper clips,
keys, and coins are made of metals. Metal wires carry electri-
city in your-home. Some metals are elements, but many are

! alloys, meaning they are made of two or more elements. Some
. common alloys and their compositions are shown in the table.

Sterling silver 92 percent silver {Ag), 8 percent copper {Cu}
18-karat gold 75 percent gold (Au), 25 percent copper {Cu}
Brass 67 percent copper {Cu}, 33 percent zinc {Zn}
Bronze 90 percent copper {Cu), 10 percent tin (Sn}
Carbon steel 99 percent iron {Fe}, 1 percent carbon (C)
Stainless steel 70 percent iron {Fe}, 20 percent chromium (Cr);
10 percent nickel (Ni}
| Dental amalgam Silver (Ag), tin (Sn), mercury (Hg)
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iron

Iron is the most widely used metal. Iron and its alloys;
like carbon steel and stainless steel, are useful
because of their strength and hardness.

i Iron alloys are used-in tools, nails,
automobile frames -and bodies,
structural steel; and machinery.

Iron is easily attacked by oxygen gas and water vapor
in air. It is conve to reddish-brown iron oxide,

- commonly called rust, As the outer 3ayer of iron o)
dazes, it splinters away from the surface, exposmg
the next layer of iron to oxidation. Corrosion costs
billions of dollar ar in prevention, control, and
replacemen d structures. Look around
you—everywhe idence of corrosion. The

by the equation:

/:259203 X 2H20 (S}

n cover iron to protect the
g iron in zinc (Zn) is called
yage cans commonly are
e slowly. Zinc, similar to
afumznum forms a protective film by ox1datmn
and res:sts corrosion.
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Aluminum

Alsminum is one of the most useful metals
known. It is lightweight and corrosion tesis-
tant. Aluminum is used in products like frozen
food frays, gum wrappers, soda cans, elecirical
wiring, bicycles, airplanes, and even the silver
color of Hreworks.

Unlike fron, which oxidizes or rusis
easily, aluminum resists oxidation. Actually,
aluminum oxidizes easily in air, but the oxide
forms a tight, thin film that protecis the
underlying aluminum from further oxidation.
This quality makes it ideal for drink ¢ans used
for acidic carbonated soda.

Alnninum is the most common element
in the crusis of Earth and the moon. The chak
Ienge is not in finding aluminum but i refining
it, because aluminum does not exist as a pure
slement. When bauxite, an impure hydrated
oxide ore, 18 refined by using sodium hydrox-
ide, it produces alumina, Electrolysis, slectri
city passing through a fluid from a cathode (o
an-anode; separates the aluminum element in
the refining process:

2AL,0; + 3C = 4Al ¢+ 3C0;
Almming o Carbon o Alumi- Carbon

anode num dioxide

INORGANIC CHEMISTRY

Electrolysisis a
process inwhich
slectrical energy
isused to bring
about a chemical

change.
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Activity Series of Metals

When added together 1o a salt {sulfate} compound, any element
on the metal activity series can displace any element listed
below it; Based on the activity sevies chart, form a hypotfiesis,
or a guess based on knowledge, of what would happen i an
fron pail ' were soaked incopper suliate.

Activity Series

Most Active ———————— 1 lithium {Li}
potassium (K}
calcium {Ca}
sodium {Na}
magnesium Mg}
aluminum {Al
manganese {Mn}

zinc {(Zn) Z
chromium {Cr} 2
iron {Fe) §
nickel {Ni} >
tin {Sn} B
lead (Pb) 8
hydrogen {H) §

antimony {8b}
bismuth (Bl

copper {Cu}

silver {Ag}

mersury {Hgl

platinum (P

gold {Au} ————— | east Active
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Try this experiment. Wearing safety goggles, place a clean
iron nail in a clear cup. A long nail works best. Get some cop-
per sulfate {CuS0,), which is sold as root killer at hardware
stores, Pour blue copper sulfate solution in the cup, preferably
leaving the topof the nail out of the solution for comparison.
What happened in'5, 10, and 20 minutes? How does vour con-
clusion compare with yvour hypothesis?

Fe (g} + CuS0y {ag) — Cu {s} + FeS0; {aq)

fagl = agueons
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On the surface of the nail; ron {Fe) loses electrons 1o cop-
per ions. The iron lons combine with the sulfate to produce
iron sulfate {Fe80,], while the copper ions gain the slectrons
to become copper metal. The surface of the nall should show 2
red-brown or copper color The blue copper sulfate solution will
become a Hghier blue.

Metals transfer electrons in a predictable fashion. The
chemical process of transferring electrons can be'related 1o the
behavior of metals and metal ions by arranging them in the
activity series. The most active and least stable metal is placed
at the top. The least active and most stable metal is at the bor-
tom. Hydrogen gas behaves like a metal and s placed in the
middle. Metals below it cannot liberate hydrogen gas.

Zn{s} + 20CHag = H; (g1 + Zalh {ag)



Each metal in the activity sevies is capable of displacing
the series. In the sxperiment, since fron is shove copper i the
series, the fon displaced the copper ions In the copper sullnie

with the copper suliaie The larger the interval between sle-
' ments, the more vigorous the reaction. Would zine be mors
P + Would gold {Au} be expected to displace copper ions from a
i solution of copper sulfate? Why? Why not?

i ® Try a similar experiment with a nail and some

£ pennies in a glass of lemon juice. What hap-
: pens to the copper in the pennies?
;







SEPARATION

Separation

How does water mix with sand, salt, and oil? You can find out
by separating them. Some chermists operate water treatment
plants where water from streams and lakes is cleaned before it
is sent to your home for you to drink.

Sand and Water

One part of water treatment is filtration, a process that works
like a net to catch particles that are too large to pass through.
You can demonstrate the process with an experiment.

Step 1-Make a funnel by cutting the top off a plastic bottle.
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Step 2—Put the bottle-top funnel,
cut side up, in a clear container.
Place a coffee filter or folded paper
towel in the funnel.

Step 3— Add two spoonfuls of sand
to a glass of water. Stir to mix.
Some of the sand will settle to the
bottom. Holding the funnel and
paper with one hand, pour the

sand and water into the filter. The
sand will be trapped in the filter.

12)

In a water treatment plant, the water passes through a settling
tank, where the largest and heaviest particles sink to the bottom.
Then the water flows through a filter, typically with layers of
gravel, charcoal, and sand, to remove the smaller particles.
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overflow? Did
repeat the exp
sand, to the s
did it seem to
salt could you

Dissolving

Table salt, which chemists call sodium chloride (NaCl}, is a

sodium ion bonded to a chlorine ion. When sodium chlorideis  Jpns are atoms
mixed in water, the sodium ions with a positive charge are
attracted to the oxygen atom in water. The chloride ions with a
negative charge are attracted to the positive hydrogen in water. electrical charge.
In this way, salt dissolves in water, unlike sand. So the volume,
or space taken up, of the water does not change when salt is
added, until no more salt can dissolve in the water. Salt dis-
solved in water becomes a solution.

that carry an

Lost at Sea and Thirsty

If some thirsty chemists lost at sea landed on a deserted island,
they could make drinking water by removing the dissolved sea
salt from the ocean water. But how? Filtration will not work.
The chemists would use the different boiling points of water
and salt for separation. Water has a much lower boiling point
than salt.
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The boiling point
is the temperature
atwhich a
substance boils
at atmospheric

pressure.

b4 CHEMISTRY

To understand separation using boiling points, try
this experiment.

Step 1-—With adult help, fill a teakettle half full of water.
Add Y4 cup of salt. Close the top and swirl it to stir. Taste
a teaspoonful. Yuck!

Step 2—TFit a bendable straw into the end of another bendable
straw. Put one end of the straw through the vent hole on the
teakettle. Set the teakettle on the stove, but do not turn the
burner on vyet.
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Step 3—Use a fork to make a small hole in a disposable alu-
minum pie pan. Thread the straw through the pie pan hole. Set
the pie pan on top of a glass so the straw extends down in the
glass, but the pie pan does not cover the entire top of the glass.

Step 4—Fill three resealable bags with ice. Set one on the pie
pan, wrapping it around the straw. Set the other two ice bags
around the outside of the glass.

Distillation is the
process in which
a liquid mixture
of two or more
substances is
separated by
adding and

removing heat.

Step 5~—Turn the burner on high heat until steam appears,
then reduce heat to medium. When you have collected a large
enough sample, taste the water in the glass. Yum! That is
distilled water like vou can buy bottled and sold at the
grocery store.
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Density is the
mass per unit
volume of a

substance.
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WHAT HAPPENED?

Heating the teakettle brought the water to its boiling point
temperature, where it began to boil—making steam. The steam
passed through the straw and was cooled by the ice. The
cooled steam condensed, became a liquid, and dripped down
into the glass. This is distillation.

Oil and Water Separation

Try this. Fill an empty 2-liter bottle with 3 or 4 inches of
cooking oil, baby oil, or mineral oil. Add approximately the
same amount of water and a few drops of food coloring.
Tightly screw on the cap. Shake

the bottle. The oil and water begin

to separate as soon as you stop
shaking the bottle.
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WHAT HAPPENED?

The oil separates out on top because it is lighter and has a
lower density. However, even more factors are causing this
separation. To understand what is happening, imagine the
molecular level.

WATER MOLECULE

/ HYDROGEN BOND

. Polarity and Cohesion

Water is a polar molecule, with the oxygen negatively charged
: and the hydrogen positively charged. In magnets opposites

w attract, as positive attracts negative. You can think of a water

: molecule as a magnet where opposite charges attract, although
it does not have magnetic poles like a magnet. When water
molecules are in liquid phase, they turn so the positive side of
one molecule is close to the negative side of another molecule.
This attraction causes cohesion—water pulling together.
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Oil, which is nonpolar, does not dissolve in water. After
mixing by shaking the bottle, the oil and water quickly form
separate layers as the water molecules pull together.
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Qil-Water Cup

Fill a disposable plastic cup with half oil and half water. Let
the oil and water separate into two lavers. Poke a hole with 2
pencil near the bottom of the cup, Watch the water flow out of
the drain hole, as it would in an oll-water separator.
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Organic Chemistry

All life—whether plant, animal, or fungi—depends on two
things: water and carbon compounds. Organic chemistry is
the study of these vital carbon compounds and their reactions.
Organic chemistry is often called the chemistry of life and
ranges from the simple, such as methane, to the very complex,
such as hemoglobin or DNA. In this section, you will be
looking at the basis of organic chemistry and how it affects
people’s daily lives.

Hydrocarbons

are compounds

What Are Organic Chemicals? made of hydrogen

People use the products of organic chemistry every day. and carbon, the

Hydrocarbons, such as gasoline or natural gas, provide energy simplest being
for our homes and cars. Pharmaceuticals from aspirin to
antibiotics, and even illegal drugs like cocaine, are organic.
Even plastics are organic. Many household items such as sugar
and mothballs (naphthalene) are pure organic compounds. R —
These chemicals are neither bad nor good, but simply a part
of the world around us.

Organic compounds can exist as gases, liquids, or solids.
A common example of an organic gas is natural gas, or
methane (CH,). Gasoline is a common organic liquid. Plastics
are probably the most common form of organic solids.

methane.
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Reactions of Organic Compounds

Organic acids and bases behave much like their inorganic
counterparts. One example of an organic acid is acetic acid, the
compound that gives vinegar its sharp taste and smell. In the
analytical chemistry experiment, you noticed bubbles from this
reaction. The carbonic acid decomposes to water and carbon
dioxide, which bubbles out of solution. The reaction is:

CH,COOH + NaHCO — CH;COONa + H,CO; =
CH;COON& + H?_O + COZ

~ Plumbing tip. Use this tip to clean out a
_slow-draining pipe. Pour a cup of baking
‘sada, and then a cup of vinegar, down
‘the dram Wait five minutes. Flush the
drain with boiling water. The bubbling of
the carbon dioxide and the acid in the

~ vinegar help to break up deposits, which

ffare ﬂushed away by the hot water.

Qil and Gas Production

Most of the organic compounds we use come from crude oil.
That is why conserving oil is important—not just so that we
will have gasoline, but so we will have the full range of organic
products that we use every day, from ibuprofen to plastic wrap
and coffee cups.

Separating Gasoline

After the water and natural gas are separated from crude oil at
the wellhead, the crude travels to a refinery. The crude oil is a
mixture of different hydrocarbons. In the refining process, the
crude oil is separated into several products called fractions. A
distillation tower filled with packing, or trays, separates the
products by distillation. Similar to the distillation of salt water,
heat is added to boil the bottom product and cooling is used to
condense the top product.
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Plastics
A natural gas plant separates ethane and propane, among
other hydrocarbons, from the raw natural gas stream. The
product left behind consists primarily of methane for home
and industrial heating. The ethane, propane, and heavier
hydrocarbons can be cracked in an ethylene plant. The ethyl-
ene product then is food for the polvethylene plant, which pro-
duces polyethylene or plastic pellets. The pellets can be melted
and molded into a variety of plastic products.

There are many kinds of plastics.
Those that are easily recycled

are stamped with a code number
inside a triangle.

iyl chionide [PVC)

Polysthylene
tersphthalate
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Plastics, Polymers, and Recycling

Plastics are organic materials that people deal with every day.
They range from hard plastic parts in cars, appliances, and fur-
niture to resealable sandwich bags. Polymers are different from
the materials already discussed in that they are made of long
chains of molecules. This gives them many of their good prop-
erties. Polvmers are formed by chemically linking many uniis
of smaller molecules together. Most of these smaller units are
products of the petrochemical indusiry.

It is ohvious that most of the modern world's lifestyle is
based on organic chemistry. Will this change In the future? As
petroleum reserves are used up, the raw materials needed 1o
make drugs, plastics, and other products will need to come
from other sources. If we can lessen our need for oil, gascline,
and other fuels, we will greatly extend the life of these raw
material sources. Chemical research is under way to find other
sources, such as plants, to provide the necessary materials.

Drug Synthesis

Drugs or pharmaceuticals have become an integral part of
everyday life. Most drugs, whether prescription or illegal, have
been synthesized by organic chemists. But many of these
materials were first isolated from natural sources.

Prescription drug production
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One of the great dangers of destroying the
world’s rain forests, which contain the greatest
genetic diversity of the world, is that this source
for new drugs will be destroyed.

The Food
and Drug
Administration
protects the
public hesith by
monitoring distary
supplements,
drugs, vaccines,
animal feed, and
even radiation-
emitting products

like microwaves.

Medicines used for cardiac problems and heart and lung surgeries
were developed from compounds discovered in the rain forest.

Once a new drug has been discovered and shown to be
effective, the organic chenist must design a synifiesis, or chemi-
cal reaction in the laboratory to duplicate the natural compound.
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Other Organic Compounds

Closely related to medicines are the chemicals used in every-
day foods. An extremely pure chemical available around the
house is sucrose, or table sugar. Another example is vinegar.
One area of active research is noncaloric sweeteners like sac-
charin and aspartame.

Stubbormn Gil

Fill a clear empty plastic bottle half full of water. Add a 1able-
spoon of oil and screw on the cap. Shake the bottle. As discov-
ered in the oil and water separation experiment, oil and water
do not mix.

Surface Tension

Surface water mﬂiecuies are strongly 3ttracted to the
molecules on therr sides and directly below them.
Water molecules are not attracted to air. The water
molecules on the surface exert all their strong atirac-
. ftive forces, cailled cohesion, on the molecules beside

i

_them and directly below them. This s*{{&r;g force
- known as surface fension.

Here is the challenge: Find a mystery ingredient 1o add io
the bottle so the oil and water will stay mixed after shaking.
if vou added soap or detergent fo the oil and water, good for
vou. Those are both surfactants. See how surfacianis break the
surface tension of water by trying this activity.

Fill 2 bow! with water, then sprinkle baby powder or
deodorant shoe powder on the water surface. The powder floats
on top because of surface tension. Add one drop of dishwash-
ing liquid. What happens?

When dropped on water, soap molecules line up on the
surface, tails up. The bulb is aftracted to the water molecules—
iike magnets. The soap molecules push the powder floating on
the surface 1o the edges of the bowl.
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Step 3—Squeeze the sides of the bottle. The diver should sink
1o the bottom.

Step 4—Relax vour grip on the bottle. Now what did the diver do?

Diver floats

Diver sinks

Why Did the Diver Sink?

If you used 2 transparent pen lid, sgueeze the boitle and waich
the bubble inside the diver closely. When the bottle is
squeszed, the water pressure increases and the air bubble
becomes smaller.

Liguids are called fncompressible because theilr volume
does not change as the pressure changes. Unlike a liquid, In a
gas the molecules are far apart. When the pressure increases,
the air molecules move closer together and ake up less room.

The diver, like a boat, floats because of baovancy, the force
equal to the weight of the water displaced by the volume of the
diver. When the pressure increases, and the trapped air bubble
compresses, the air displaces less water. At this point, the pull
of gravity exceeds the buoyant force, so the diver sinks.

CHEMISTRY
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Backpack Hiker

Have vou ever backpacked in the mountains? While vou were
hiking, did you notice it was more difficult to breathe? The
atmosphere, or the air around us, stays close to 21 percent
oxygen anywhere in the world. What is different af the high
altitude is the low pressure. Imagine at the lower pressure that
the air molecules float farther apart. When vou inhale air at
high altitudes, a smaller number of oxvgen molecules i vour
tungs. So at high altitudes, you must breathe faster to supply
the same amount of oxvgen to vour blood, 23 vou would at a
lower altitude.
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Scuba Diver

As a scuba diver descends to the
ocean floor, the water pressure
increases. The weight of water above
the diver pushes down on the lower
water, increasing the pressure. How
does this affect the diver?

The high-pressure water
squeezes the diver’s chest. Divers
need to breathe high-pressure air
to fill their lungs. At a higher pres-
sure, the body accumulates nitro-
gen in the blood and tissues. When
the diver returns to the surface and
the pressure decreases, the body
releases the excess nitrogen when
exhaling—if the diver ascends
slowly enough. If the diver comes
to the surface too quickly, several
things go wrong—including some
of the nitrogen vaporizing in the
blood. These nitrogen bubbles in
the muscle tissue are extremely
painful and often make the diver
bend over in pain. That is why
decompression sickness is often
called the bends.

Density

Chemists use the word density to describe the relationship of the
mass or weight of an object to its volume or size. A pingpong
ball and a golf ball have a similar volume, but the pingpong ball
is less dense than the golf ball because it has a lower mass.

When an object of less density is placed in a surrounding
medium of greater density, it will float. A helium balloon floats
in air. When an object of greater density is placed in a sur-
rounding medium of less density, it will sink. A golf ball sinks
in water.
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Pollution

The terms polintion is commonplace In today's socisly
poliution and #s effect on the environment. In the past,
a3 people pressed forwand with advances In technology,
given o the possibility that by-products might harm
contamination from poliution. B iz becoming more
snportant to undersiand pollution, materials that polson

Many current problems—air and water polintion, fogic
wastes, and waste disoosal—were partislly caused by the
tmproper use of chemistry. Hope Hes I ouwr chemisis, who
can help 1o solve these probioms and perhaps reverse much
of the damage that has been done.

Government Agencies

governmerd. Covernment agencies were Iormed o protedt
The Environmental Profection Agency profects human
A’z responsibility 1o develop andd enforce these regulations,
The EPA conducts research belfore sefting national standands
and delegating them to siates and Tibes 1o implement. The

#youchoose
option 7o, ask
whether any
polistants ars
producsd stthe
plant vou visit
Find out how
pollvianiz are
produced and
howitheyars
handled.
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POLLUTION

Sulfur oxides come from several sources. Natural sources
include volcanoes and decaying vegetable and animal matter
;; in the oceans and on land. An unnatural source is the burning
"’ of coal.

¥
i

Acid Rain

The burning of fossil fuels; including-coal and gasoline,
releases oxides of sulfur and nitrogen: In the atmosphere,
these can react with water to form corrosive inorganic acids
such as sulfuric acid. When it rains, these acids also fall and
may greatly damage the environment. They can burn the
leaves of trees and damage trunks and roots. If the damage is
severe enough; trees can die.

Acid-forming gases and particles have been linked to a variety of environmental
probiems, including forest decline, limestone and marble decay, and respiratory
disease in humans.

CHEMISTRY 77




POLLUTION

78

CHEMISTRY.

The extent of an acid rain problem can be measured by
determining the pH of the affected water. The symbol pH isa
scientific term that expresses the concentration of hydrogen
ions (H™) in a solution. The greater the number of hydrogen
ions, the more acidic the water and the lower the pH. A pH of
7.is neutral—neither acidic nor basic.'A pH below 7 is acidic. A
pH-above 7 is basic. The pH scale is a logarithmic scale, which
means that a difference of 1 pH unit reflects a tenfold difference
in hydrogen ion concentration.

We may be able to reduce acid rain and the damage it
does. We can burn cleaner coal by scrubbing it clean of the sul-
fur so-that fewer sulfur oxides are being emitted. We can install
systems to collect sulfur oxides and prevent them from being
released into the atmosphere. Studies show that acidified lakes
can be neutralized. Over time, they can be restocked with fish
and returned:to their original condition.
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ACID RAIN

The pH scale. The midpoint; 7 is neither acidic nor basic.
Numbers higher than 7 are basic; those lower are acidic. Rain
is considered acid rain when it has a pH of 5.2 or less:

There are many sources of liquid and solid particulate
pollution. Volcanoes and forest fires are two.natural sources.
Humans contribute much more from activities such as grinding
and spraying, which cause dust, and burning coal and-gasoline.
In general, the smaller the particle, the longer it will stay air-
borne. This is a big problem because particulate pollution can
be carried across the United States or even o countries over-
seas. In addition to the obvious problems that these particles
can cause; they also promote the reactions that cause acid rain:

Ozone

Three oxygen atoms bond together to make an ozone
(O3} molecule. Ozone is found in nature primar-
ily in a thin layer of atmosphere about 20 miles
above Earth. Scientists are concerned about the
hole in the ozone layer over Antarctica—where
there are very low levels of ozone. In the upper
atmosphere, the ozone layer reacts with harm-
ful skin cancer-causing ultraviolet radiation
from the sun and keeps it from reaching Earth.
Ozone acts like a sunscreen protecting Earth
from ultraviolet radiation. Unfortunately, chloroflu-
orocarbons work as a catalyst to break down ozone
into-oxygen. One CFC molecule can destroy as-many as
100,000 ozone molecules by reacting over and over. Aerosol
spray cans now use harmless chemicals instead of CFCs.
Freon-free and/or CFC-free air conditioners and refrigerators
are the technology of the future.
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POLLUTION

Although ozone in the stratosphere protects-us, breathing
ozone is harmful for plants and animals, especially people who
have breathing problems like asthma. In cities, ozone is pro-
duced by the interdction of hydrocarbons and nitrogen oxides
under the influence of sunlight. It is-a major and dangerous
component of smog.

Ozoneis a twofold problem. We need ozone in the upper
atmosphere to protect'us, but it is endangered by CFCs: At the
same time, we do not want ozone at sea level, where it harms
plant and animal life, yet it is here.

Global Warming

Carbon dioxide is not normally a pollutant; Animals and
humans exhale carbon dioxide, and plants remove it from the
atmosphere in the process of photosynthesis. As a greenhouse
gas; carbon dioxide {only 0.04 percent of the air), traps heat
many times more than oxygen. Many scientists beélieve that
the burning of fossil fuels and the continual shrinking size of
tropical rain forests have disrupted the natural balance of carbon
dioxide in the atmosphere. Methane, CFCs, and nitrous oxide
are also greenhouse gases. Scientists heavily debate the impact
of average temperatures near Earth’s surface possibly rising; an
effect’ called global warming.

The word smog is fog and smoke combined.
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The Greenhouse Effect
The analogy that Earth s 2 greenhiouse s appropriate, Barth's
atmosphere lets in visible Bght and infrared radiation (heat
stays warm. Without the greenhouse gases trapping heat, the
whole Earth would be 33 oold 25 the Arctic 3l vear
Significant changes in Earih's temperatores conld have
yegetation, especially the rain forests. We can pevhans develop
the aimosphers In any case, the possibillty of gioha! warming

The greenhouse offset
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Water Poliution
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‘When raimeater runs off fertilized grass or an agricultural field, some of the phosphate
is camied with it In this way, even though phosphates have been removed from laun-
dry detergent, phosphstes are still being washed into rivers and lakes, contributing o

excessive algae growth.
Phosphates

Look 3t the ingredients §ist on 2 hox of detergent. You will
discover lots of things go info detergent. One ingredient 5 3
builder, or 3 waler sof
in hard waier so that the surlaciant can atiach to dirt and ofls.
The builder's iob Is 1o bulld up the power {% the surfaciant.
Uil recently, most laundry detergents used f%g{;‘gé:;&}
buiiders. Phosphates are Iow-cost, low-toxiod
watsy sofieners. They seemed the perfent %’%Eé%; untii a
surprising i 2:% wpened. Algas In some Bkes g %%i%%‘i{%;
i§§§§§ covering the fop of the water Fish depend on oxvgen

e

fom the air above the ;5&5 £ dissoive in the water for them
i Dreathe, When the aigas die and decay, they use large
srnoms of o . Fish sufforated becmse walsr, coversd
with decaying %ﬁ 2, had foo Hitle oxyzen for them 1o breathe

froner, The builder binds Brmly 1o the fons
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Algae take away
iots of oxygen
from animals.

Every year,
Americans use
morethan 5
biflion plastic

fnamcuns.

for aigae. The laundry delergent phosphates from washing
prompting out-of-contiol algae growth
Today, phosphates have been removed from laundsy
Yet, at this time, phosphates are still widely used in both

Solid Wastes

Trash typically has been disposed of in two ways: by dump-
ing it in landfills or by burning it. Both methods are still used
today, but neither is perfect because dumping is unsanitary and
burning causes air pollution.

New technologies may help to reduce air pollution from
burning trash. Sanitary landfills are another possible solution.
However, landfills can have some major problems. We are
running out of land to make landfills. And, if poorly managed.
landfills can leak wastes that pollute water.

Another possible solution to the solid waste problem is
recycling. By recycling, we have less waste to dispose of, and

Recyeling

on crude oil, lowers our energy needs, reduces the amount of

The problem with polystyrene 8 8

3

foam has become 2 symbol of our waste disposal



POLLUTION

Many polymers can be melted and formed into riew

objects. Some commonly recycled plastics are polyethylene,
plastic soda bottles, and milk jugs. Recycling recovers most of
the raw material and energy that goes into making an object.
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POLLUTION

Natural Resources Saved by Recychng 17Ton of Newspaper

Natural Resources \,Amnum Saved  E uivatant

Water 7.000 gallons 206 bathtubs full

Landfill space “&€}~fmt~square area in a room

oil Six 20-gallon tanks of gasoline

Trees - How many treeéfﬂiaés your yard have?
Electricity 4,900?(??- ours Six r‘rionths of ei;éétri;:ity for a home
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POLLUTION

Htakes 1050
recycled mikk
jugstomake s
8-foot plastic
park bench.
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CHEMISTRY

Careers in Chemistry

Did vou enjoy the work you did 1o earn the Chemistry merit
badge? H so, vou might like 1o learn more about careers in
chemistry and related fields. To prepare for a career in any
branch of chemistry, a high school student should fake as
many science and mathematics courses as possible,

Chemist at work

Chemist

A chemist is a professional who normally has at least a bache-
lor's degree in chemistry, which prepares one to work in many
different positions: industry, business, government, research
institutions, and teaching.

Training Regquired

Chemists with a bachelor’s degree in chemistry attended a
college or university and took about a quarter 1o a third of
their courses in chemistry, with several supporting courses in



CAREERS IN CHEMISTRY

physics, mathematics, and computer science. Many chemists
stay in'schootl after earning a bachelor’s degree and eain
advanced degrees. The master’s degree typically requires two
years of study, and the doctorate requires at least three years
beyond the master’s degree.

Industrial Chemist

Scarcely anything used by society is untouched by chemistry. Big
chemical companies and petroleum companies, obviously, employ
chemists, as do pharmaceutical companies, large manufacturers,
utilities, and biotechnology companies, t0 name a few. Most
chemists work in industry. A business using chemicals often has
several choices for a chemist like technical sales and service,
manufacturing, marketing, and research and development.

st

Many large chemical and petroleum companies hire
industrial chemists.

Chemical Engineer

A chemical engineer is a professional with a broad background
in chemistry combined with training in manufacturing princi-
ples, physical design, and economics. Computers are-a vital
tool for the chemical engineer. These professionals often com-
mand higher salaries than chemists and many other engineers.
They may work in all areas of manufacturing, government,
and private consulting: A chemical engineer’s first position
could be in a refinery, chemical plant, of an engineering firm.
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There are positions in which chemists and chemical engi-
neers are interchangeable. Chemical engineers can advance in
company management or be private consultants. Chemical
engineers have many doors open to them; they also can move
on'to careers in law or medicine.

Training Required

The student who enrolls in an engineering college takes basic
engineering courses for the first two years and basic chemistry
courses. In the third or fourth vear, in addition to some of the
advanced courses that a chemistry major would take, there
are specialized courses in chemical engineering. The student
would also-have courses in physics, mathematics, and
computer science.

Chemical Technician

Chemical technicians are trained mainly in chemistry labora-
tory methods. They have knowledge of chemistry but not the
extensive knowledge of theory that the chemist and chemical
engineer have.

Chemical technicians have many resporisi-
bilities in manufacturing plants, often as mem-
bers of teams that include chemists, chemical
engineers, craftspeople, production employees,
and maintenance workers. They may install or
operate the machinery used to make chemicals.
They may analyze products from a new process
under testing, or they may be part of teams that
run hundreds of analyses every day in a manu-
facturing plant.

Chemical technicians may join chemists in
research and development or help chemical
engineers run pilot plants. Their training and
skills fit-them for many-positions in the chemi-
cal’'industry. They have the flexibility to handle
different responsibilities in a plant as needed.
Chemical technicians are not limited to the
chemical industry, but could be useful anywhere
there is a call for their skills: in other industries that use
chemicals; in-hospital laboratories testing medical samples
or hospital materials; or in federal, state, and local government
agency laboratories:



CAREERS IN CHEMISTRY

Training Required

Two or three years of study beyond high school are needed to
qualify for the associate’s degree given by many junior colleges
and technical institutes. Students training as chemical techni-
cians take courses in chemistry with emphasis on laboratory
procedures, test methods, and instruments used. for analysis.
Besides chemistry, students usually take mathematics, English
composition; technical report writing, and perhaps a few broad-
ening courses—political science or sociology, for example.

Other Careers in Chemistry

Students who find that the laboratory is not for them but enjoy
writing may find that technical writing or science reporting is a
good career that combines their interests and talents. A career
as a science librarian also is a specialty that may be appropri-
ate. A chemist or chemical engineer with a doctorate may spe-
cialize in research and developmient. Chemists teach in high
schools; technical institutes, colleges, and universities.

Chemists interested in law may become
patent attorneys. This specialty is best served
by an undergraduate degree in chemistry,
followed by a law degree.

Another career that builds on an under-
graduate degree in chemistry is high-level
management in industrial companies. The
aspiring manager would need a master’s
degree in business administration. Chemists
finding their interests and talents pointing
this way after they begin an industrial career
can take night-school courses until they
complete their degree requirements.

A bachelor’s degree in chemistry or chemical engineering
can lead to interesting careers that overlap many other disci-
plines. For example, a career in biochemistry, biotechnology,
or medical research could begin with an undergraduate degree
in chemistry. There are many opportunities in environmental
chemistry, clinical chemistry, geochemistry, and related areas
in which chemistry is applied to other disciplines. Chemistry
students who think they may be interested in these careers
learn about them by taking appropriate science electives as
part of their undergraduate studies.
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CHEMISTRY RESOQURCES

Chemistry Resources

Scouting Literature

Astronomy, Cooking,. Electricity,
Energy, Engineering, Environmental
Science, Fingerprinting, Fire Sufety,
Forestry, Gardening, Geology, Inventing,
Medicine, Metalwork, Nuclear Science,
Oceanography, Painting, Plant Science,
Pottery, Public Health, Pulp and Paper,
Soil and Water Conservation, Space
Exploration, Textile, and Veterinary
Medicine merit badge pamphlets

Visit the Boy Scouts of America’s
official retail website at
http://www.scoutstuff.org for a
complete listing of all merit badge
pamphlets and other helpful
Scouting materials and supplies.

Books

Bonnet, Bob. Science Fair Projects:
Chemistry. Sterling, 2001.

Churchill; E: Richard, et al. 365 Simple
Science Experiments: With Everyday
Materials. Black Dog & Leventhal
Publishers; 1997.

365 More Simple Science
Experiments With Everyday
Materials.-Black Dog & Leventhal
Publishers, 1998
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Cobb, Vicki. :Chemically ‘Active!
Experiments You Can Do at Home.
HarperCollins; 2001.

Evernden, Margery. The Experimenters:
Twelve Great Chemists. Avisson
Press, 2001.

Gardner, Robert. Scierice Projects About
Kitchen Chemistry. Enslow, 1999.

Kramer, Alan. How to Make « Chemical
Volcano and Other Mysterious
Experiments. Scholastic, 1991.

Moje, Steven. Cool Chemistry: Great
Experiments With Simple Stuff:
Sterling, 1999:

Newmark, Ann. Chemistry.-Dorling
Kindersley, 1999.

Potter, Jean. Science in Seconds for
Kids: Over 100 Experiments You
Can Do in Ten Seconds or Less.
Wiley, 1995.

Rowh, Mark. Great Jobs for Chemistry
‘Majors.- McGraw-Hill; 1999.

Snyder, Carl H. The Extraordinary
Chemistry of Ordinary Things.
Wiley, 1995.

VanCleave, Janice Pratt. Janice

VanCleave’s A+ Projects in
Chermnistry. Wiley, 1993,



for Every v Experiments
That Really Work. Wiley, 1989,
Wolke, Robert L. What Einstein
Didn't Know: Scientific Answers o
Everyday Questions. Dell; 1999,
Woodburn, John H. Opportanities in
wemistry Careers. VGM Career

Organizations and Wehsites
American Chemical Sociely
Washingion, DU 20036

118, Department of Labor
200 Constitution Ave. NW.
Washingion, DC 20210
Website: hitp://www,osha.gov

The Science Page

Website: hiip://sciencepage.org
U.S. Department of Agriculture
Washingron, DU 2025
Wehsite: hiip//wwwoasdagov
1S Environmental

Wehsiiss hiip

{1.5. Food and Drug Administration
5600 Fishers Lane

Rockville, MD 20857-0001

Toll-free telephone: 888-463-6332
Website: hitp://www.ida.gov
WebElements™ Periodic table is
available at hiip://www. webslements.
com. A periodic table with models'can
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MERIT BADGE LIBRARY

Though intended a8 an 3id to Boy Scouts, Varsity Scouts, and qualified Venturers and
Sea Scouts in mesting merit badge requirements, these pamphiets are of generd
iterast and are made available by many schools and public ibraries. The latest
revision date of each pamphist might not comrespond with the copyright date shown
balow, because this list is corrected only once 2 vear, in January. Any number of merit
badge pamphiets may be revised throughout the year; others are simply reprinted untl
arevision becomss necessary.

¥ 2 Scout has already started working on a merit badge when a new adition for that
pamiphist is infroduced, be may contihue 1o use the same meddi badge parmphiet Io sam
the badge and fulfl the reguirements therein. In other words, the Scout need pot stant
over again with the new pamphiet and possibly revised requirements.

Herit Badge Pamphist | Year | Merit Badge Pamphlst - Year | Merit Badge Pamphlet  Year
Arnericany Business 2013 | Entreprensurship 2013 | Photography 23
Arnarioan Culures 213 | Environmental Science 2008 | Plonsoting 2z
American Heritage 2013 | Family Life 2005 | Plant Science 2014
American Labor 20101 Farm Mechanics 2014 | Plumbing 2z
Al Science 2014 | Fingerpeinding 2014 ] Poltery et )
Archaeoiogy 2014 1 Fire Safety 212 Programeming 2013
Archery 2013 | First Ald 2007 1 Public Health 2011
Architecture and Fish and Wildiife Public Speaking 2013

Landerare Srhiisches 2000 Mandgament 2014 | Pulp and Papsr 2013
Art 2013 | Fishing 2013 | Radic 2013
Astronomy 213 Fy-Fishing 2340 Badoading 213
Ahlstics 20121 Foresiry 2005 | Reading 2013
Automotive Maintenance 2012 | Game Design 23 | Paptie ong
Avigtion 2014 | Gardening 2013 Armiphibian Study 2014
Backpadking 2014} Geneslogy 2013 | Rl Shooting i s d
Baskatry 2014 Geocaching 2010 | Fobotics 2011
Bird Study 2013 | Geology 2013 | Rowing 2014
Bugling {see Music) Goif 2012 | Safety 2013
Camping 2011 § Graphic Aris 2013 | Salesmanship i3
Canosing B4 My 23 Boholorship 204
Chemighry F31Y ] Homes Fopals 2012 ) Scouting Hele s
Chaess 2011 | Horsemanship 2013 ] Scuba Diving 2009
Cinematography Indiari Lore 11 Sculptue 24

fsee Yoviermaking] 2008 | Inssct Study 2008 | Segrch and Resous 2012
Chirorshininthe Ivearding 2010 | Shotgun Shooting 23

Comprunily ZOAZ | wngdism Z005 | Shating ot 1.7]
Citizenship in the Nation 2005 | Kayaking 2012 | Smal-Boat Sailing 2013
Citrenship in the World | 2INE2 '} Landscape frchiisciure Bnow Sports 2014
Climbing 2011 {sep Architecturs} Soll and Water
T Codlecting 2B law Y Corseregtion 23
Coflechions FHZ ] Leatherwork ZO13 | Spmes Eaplorstion 2013
Communication 2013 | Lifesaving 2008 | Sports 2012
Composiie Materias 2012'] Mammal Study P34 Stap Collacting 2013
Computers Hedicine 2012 ) Surveving 2

fsee Digial Technclogy] 2008 | Metahwork 2012 | Sustainabiity 2013
Cousing 2013 1 Mlining In Boniety 2014 Swimming 24
Crime Pravention 2012 | Model Design and Buliding 2010 | Texiiis 2014
Cyeling 2013 Motorboating 2008 | Trieater 2014
Dentistry 212 | Moviemaking 2013 | Traffic Safely 2013
Ciggitsd Toohnolony FIE ] Wi andd Bugling 2013 | Truck Transporiation 23
Dieshlifiss Awareness - 2IN4 | Hatus 4 Vet Madichs 2z
Doy Care 2012 | Muciear Science 2070 Water Sports 2014
Cwafling 2013 Cceanography 2 Weather 203
Electricity 2013 | Orienteering 2012 | Welding 2012
Elactmnics 20141 Painting 2012 1 Whitswsler et 153
Emergency Preparadness 2012 | Personal Fitness 2073 1 Wildsmess Survival a0z
Engray 2014 | Personal Management - 2012 ] Wood Carving 2014
Enginesring 20121 Pels 2013 Woodwok 2011

BOY SCOUTS OF AMERICA » SUPPLY GROUP
NATIONAL DISTRIBUTION CENTER DIRECT MAIL CENTER
2100 Westinghouss Boulevard PO Box 808
PO Box 7143 Pinevills, NC 28134-0308
Charfotis, NC 28241-7143 For fast credit card orders—
VISA, MasterCard, American Exprass—
www.scoulstufforg ¢l BSA operators foll-free

1-800-323-0732
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