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HOw TO USE THIs PAMPHLET 
The secret to successfully earning a merit badge is for you to use both 
the pamphlet and the suggestions of your counselor. 

Your counsclor can be as important to you as a coach is to an athlete. 
	WK 

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. 

If you or your counselor feels that any information in tliis pamphlet is 
incorrect, please let us know. Please state your source of information. 

\1rit badge pamphlets are reprinted annually and requirements 
eJated regularly. Your suggestions für improvement are welcome 

Send comments along with a brief statement about yourself to National 
Advancement Comrnittee, S209 • Boy Scouts of America • 1325 
\\bst  Walnul 11111 Lane • P.O. Box 152079 • Irving, TX 75015-2079 ' 
auit.badgeScouting.org . 

WHO PAYs FORTHIS PAMPHLET? 
This merit badge pamphlet is one in a series of more than 100 coveri 
all kinds of hobby and career subjects. lt is made available für you 
to buv as a service of the national and local councils, Boy Scouts of 
America. The costs of the development, writing, and editing of the 
merit badge pamphlets are paid für 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. Describe three exampies of safety equipment used in a 
chemistry laboratory and the reason each one is used. 

b. Descrihe what a material safety data sheet (MSDS) is and 
teil whv it IS u.,;ed. 

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

d. Discuss the safe storage of chemicais. How does the safe 
storage of chemicals apply to your home, your schooi, 
your community, and the environment? 

2. Do EACH of the foilowing: 

a. Predict what wouid happen if you piaced an iron naii 
in a copper sulfato solution. Theo, put an iron nail in 
a copper sulfate Solutlon. Vscribe your observations 
and make a cociusion based on your observations. 
Conpare your prediction and original conciusion with 
what actuaHy happened. Write tue formuia for the 
reaction that you described. 

b. Describe how you wouid separate sand from water, tabie 
sait from water, oii from water, and gasohne from motor 
oii. Name the practicai processes that require these kinds 
of separations. 

c. Describe the difference between a chemicai reaction and 
a physicai change. 
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. Construct a Cartesian diver. Describe .:-.unc::::: :: :erms 
ci how gas:s in gener! a.:ve unde[ Jkiterent pessures 
and diifer :.: tempe:a :.: :. iscribe how the behavior ci 
gases affects a ha:.•::::•: :: alt:::::es and a scuba 
±ver underwater. 

4. De EACH ci the 

a. Cut a round OnicE .2 -  D srnaii chunks. ::arate the 
onion chunka 	: 	:uaI portion :.ea -e the flrst 
portion raw. C::: 	s:nd cortion :.: :nion chunka 
until the pieces are transIuew -xik - 
until  
Taste each tvne ei onic.::. Des-ribe the 	: : 
onion . s:us partialiv :::-:: onion v 	:::s::elized 
on 	Explain what h:.::ens to n.:s.....s in the onion 
durmg the cocking process. 

ii Desci-i -- s s :hemical similarities and 	erences 
betwe€:: : ::hpaste and an abrasive h:.hold cieanser. 
Ex:. ..: 2: -.: -.: : he end use er purpose cia :::Juct aifecrs 
its cherntcai 

c. In ::: comaine:.  
aL•s;::: o oI. 	whv the 	.a:a: dc not  

-- :M w ill help the two 
and add t te the r:.::;:ure. Describe what i.::ened. and 
explain how :hat substance worked to combne the oil 
and vaier. 

Lrt the fonr :Iassha! dkisions chetstrv. Briefiv deactibe 
ea:: ane, ::.J teil ::: it app 	to vc.:: evervdav hie. 

6 Dc  FACH of the focwing: 
\ arne two go'::::-nent agencies that are resnonshIe 

tracking tke use ci chemicas for comir5::..:. 
rial 	on: 	and briefiv desche its 

the j:::: 	ritt the enment. 
Du-  - 	.....Expiai:: ... :heir:a! ‚.:::: ci oane. 
gic 	:a: 	g.andacid:.t.::. Pic.-:: ..... 

an exarnple. Briefiv .sscrihe whar 
haiana and to iricrease 

.derstandrng : : 



c. U.::; reaon :::rn chemistv, de:;.: :e effect on tne 
env:n...ent oi UNE oi the folowuig: 

1 The p:'dction o aluminurn canz er plaszic 
miik carens 

.. i.fur from burnin ca 

3 	ed meic: :1 

4J Newspaper 

J 	 the purpose 	 in 
aen-, 	how ihe ue o 

pnaes u unzers r. 
: :. cn;ironmenz. Aio. 

enain vhv thoshares 	: ..::: rnoved from 

a. Vi: a aboraorv an :1 to a pracncing ch€::::u. Ask 
'xhar the :hernist dees and 	-_ Tz anc 
are n- ud to werk as a cher..: 

i Csng resources found at the urarv ann :n penodcas, 
.00ks rind rhe Jrreniel Lvitb vaur parer 	nermission. 

chemiszs.:Iu. 	ee:s. :hemcai rechr..:...ns, er 
industria :. 	-. ach 	:he four posLus. fnd 
ou the e.:::aticr 	ramm: :quirements. 

c. Visk an i:.: ............... hat ivakes chenical 
:.r. 	es and tc.. ... 	 the ::r 

sec. v% glE. H an. p:.. .:u:us are fcooced a;d how 
re dtev handedl 

i. Visu a ceuruv farm agencv er nfa  
age:tcv ar:. eam how ci r::stm ts u:.r. 10 meer the 
needs of .... .....:tre 1: .rur or?Cnlv. 
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Introduction to 
Chemistry 

'.v does akin.:  21111 	 J :bre when vinegar is 
:r'ce vaporizes and 

makes a spookv 	 :rr: :ie? How can charcoal für 

the outside grill be madc o carbon when diamonds are 
made of carbon? 

Chemistry answers these questions and many marc rv 

studvaa the substances that make up our world an(" 
Man: r:rances reac rvith each other, horn they cha:rr. iran: 
ce:rarn ::rrcas connecz orolecules, and horn :nolecule 
are all parts of chemistry. Stretch your imagicaton tc 
molecules that cannot be seen—but can be proven t:  
and you become a chernist. 

Expioding Chernistry 
Try this expenrnent as your  

introdücton ta chemistry. Rat 

an safetv goggies. Break an 

eerJescen 	ac 0 	dbCt p 

haF. Drop - he peces into an 

empt'y camera fHrn canster. 

FH the fHm canister haPJuH 

of vjater cnn quicky press 

trre cap an, Hoid the canster 

arnav from your face, pont 

g at the c.» 	'g 	Dc 'ca 

hear an, vthing?What hap- 

penec? Onit c'nemistry cnn . 	. 

expian 
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Chemistry 
and Chemicals 
Chemistrv is one of the phvsicai sciences. Science is the studv 
bv which people trv 10 understand and expialn our world and 
the universe in a rational, logical manneL Chemistrv is some 
limes called the cenzml science because its properties are 
important 10 hio!ogists rh sicists. geologisis, and astronomers 
alike. Chemistr:  .s pre::t throughout modern societv in medi-
cine, manufacturing. and agriculture. 

What Is Chemistry? 
Chemistrv is the sece of the sn'&: of matter. Matter is v- 

thing that has rna 	nd occupies.ce. Chemistry incIu- 	Two milkon atoms 
the studv of substances: their structures. properties, and reac- 	can fit on the tip 
tions; and the energv changes of those reactions. 	

ofa pn. 

The Building Blocks of Our World  
Chemicals are made of moiecule.s, and molecules are made of 
cii: 	Look at water. lt is a chemical. A .. er molecule is 
Iwo hvdrogen atoms attached to one oxygen atom. 

WatermotecuLe 	- 

-- 

Hydrogen and oxygen are elemenis found in the periodic table 
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Chemi: are considered pure subswnccs :ause 
thev are m±: up of oniv one type of substanc 'en we 
encounter r:s::: of s:ral chemicals. Milk. 	anp1e. is 
mostiv .:-: 	et. milk also contains other che::;:: 	.::: as 

carbohvdrates.  
'hu car. : .: -..:p the co:.: . :ner of ar:. .:ornmerc. 	.. ..: or 
househ:±. ::: ::::—iike cereal. J:odorant, or ::::mins—and 

- d the ‚ist o gredie— All wese ingredients are chemicais. 
m the bottle and tat 	re chemicais. 

Compounds 
:::en writiw chemical formulas, chemists show The number 
Oft... .... 	: atom inthe  
molecular formula of methane is CH. ; , 	...... :.;.. :::: :1ere 

are four hvr:2en .Y ................. :.......:ron 
atom .: ?ach ::::..:..‚ 	.:: .:-..:‚: 

4 •. :. 	structural formula sho 1.w these atoms 
are arranged. 

.' 	Often. chemists need to know how w 

............................ires. thev can 
thea üiiüeistaiiü manv or the 
properties of the compounds. 

Some moiecuies are verc 
simple. c:: -.: amTT 	: :•: w 
atoms. T j ir, w 	:r:i:: 

and c.:b: .......'. 1:. 	. .... 
othergase.. 	 :::e 

dozens 01 atoms. while 
Methane 	 9 	 others contair. : MS 

	

4 	or even 

I J  The 
acdD\.  

thar contains our gr: . :odeis com osed of only carbon, 
hvdroge.. iitrogen ...... 	: d phosphorus. but it contains 
millions 	these atc:::. .:. :: ific combinations. 
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What Are Chemicals? 
When people hear the word chemicals, they may feel afraid. 
They nconsciously may think that all chemicals are poison-
ous, but not all chemicals are even dangerous. Remember that 
water (H 20) is a chemical. 

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

Chemicat Reaction or Physical Change 
In a chernical ni'action, 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 teil if a 
cheinical change has taken place. Try 
this experiment with a flame—one sign 
of chemical change. Look for another 
clue of a chemical change. 

Step 1—Put on safety goggies. Stand a 
short candle (2 or 3 inches tau) in a 
bowl, with vater about a half-inch 
deep. You may attacll clay to the can-
die and bowl to heip keep the candle 
upright. Light the candle. Hold a cold, 
dry  lass 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 
	 1)  

place are: (1) flame is present; (2) gas is 
given oft; and (3) color changes. 

‚ 

4) 
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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 giass rises. Does the 
water now occupy about one-fifth of de volume of the glass? 

WHAT HAPPENED? 

The three things necessary for combustion to occur are heat, 
fuel, and oxvgen. Dry air is about 21 percent oxvgen and 78 
percent nitrogen by volume, with sinai1 amounts cl other gases 
such as carbon dioxide and hydrogen. The fianie in this experi-
ment actua!ly goes out hefore all the oxvgen is consumed, 
while the heat ci the flarne causes the gases to expand. When 
the f!ame goes out, the temperature in the glass drops, causing 
the gases to contract and the water level to risc quickly. What 
is left in the glass is mostly nitrogen. 

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

Reactants 	- Products 
C6H 12 N4  + 602 - 3CO 2  + 6H20 + 2N2  + heat 

14 	CHEMISTRV 



The pressure of 

an Ice skate 

metts the Ice just 

beow the bade 

so that Ice skaters 

actually glide 

on water.  

(‚r, 

Physical Change 
Ice melting and v. ir evaporating are exampes Df  

mir z -, o chemical reacuons, 
phvsi:a :har.- 	not - n new compounds. 
%Väter is still 	.. 	is a liquid, s:1;±, or 
an  Che 	::: 	:ate to anothe: ::es 
nihang  

Everv spring, ph:.:  
when solid ice on mountaintops ::: : :.: .. a  1.: - 

downhiil, and evaporases so svater vapor. Tms can be 
represented bv the equasion 

HO s - HO d. -' HO g 
i —'Liquid —'Gas 

.................... 

DIT ice is irozen carbon dioxide. At room temperasure, it 
ci: :: es directiv horn a solid so a gar. The suriace semperature 
oi dm-  Ice is verv cool at —109 degrees Fahrenheit 

Can Blaster 
F:::i an a:: so help 	with stur experiment. \•t: n people 
in vcur a:a that stur experiment will be noisv. 

Step 1 —Put on safeiv goggies so protecs vour eves. •

g 4-93w17 

0 

I 

I 
L 
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Step2—F. at; 

ard: ir 
r' an er 

oIacan 
zhe 

o' the can. the hetzer 
Step3—Pu 	: 

en Sei [e 
'4cr e Ilurner 

- 	 b"rer cr 
stea 

t cat, heat ; 

ex Z 
Caution:Keerour 

:rc'rn the 

.:ep 4—flirn 
off the heat. 

:ven 
mtts aüuing 
tengs e  quickiv 
remove the can. 
rum it upside 
down, ani 
su::.:::t it in 
rhe ice vater. 

.4 
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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 lt starts to boil. The 
rnolecules of steam in their high-energy state spread out, 
with most escaping out of the top of the can. 

* 

L ....... 

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

CHEMISTRY 	17 
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Safety and Chemistry 
Some chemicals are safe 
enough to be eate 
such as sugai; coc 	. 
oil, and baking so 	. 	. 
Other chemicals a 
potentially danger . 
that vou need to 
gloves and safety 
when you handle 
Examples of dang 
chemicais are bat] 
cleaners, drain cl€ 
and acids. Man' cherni• 
cals must he stored 
safeiv to avoid possible 
fires or polsonings. 
Flammable materials 
should be stored away 
from heat and flame, 
which are sources 
of ignition. 

Storage in Your Horne 
If you have younger brothers and sisters, make sure your 
parents place childproof locking devices on kitchen and hath- 	Never store 

room cahinets. Before storing a chemical at home, read the 	a chemical in 
label. If the label recommends to keep nut of reach of children, 
store the chemical in a high or locked cabinet. Chemicals such 	a container 

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

made tor it. 

CHEMISTRY 	19 
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Storage inYour School 
At most schools, all chemicals are stored in a common area, 
often organized by hazard cla.ssifiction. Schools try to select 
less-toxic chemicals mcl mini;nize chemical Lise to reduce waste 
and safety risk. Teachers working with chernicals receive train-
int in safe storage, proper use, potential hizards, and diiosal. 
Schools have a cheniical spill phm in case of an accident. 

Storage inYour Community 
Businesses in your community use chemicals that can be toxic 
if not storecl or used correctly. A spilled chemical on a business 
propertv could be washed by min into a local stream, w hich 
cou]d drain into a town's waer supply. Governineat regniates 
the proper use, storage, and disposal of chemicals. 

Material Safety Data Sheet 
What would you do if you accidentally 
splattered a chenical in your eyes? You 	•• 
should read the container's label and 
follow the instructions. The label might 
teil you to rinse vour eyes thoroughly and 
seek medical attontion. In the hosnital's 
emergency room, the nurse would ask 
what you spiattered in your eves. A bug 
kiher called Bug-13-Dead might he all 
cu knew. The nurse would know the 

chemicals were pesticides, but which 
one? A material safety data sheet is 	 •: 
hmportant in these situations 

1 

Safe use and storage of chemicals is criticai 

for protecting the environment for everyone. 
Unsafe storage in one environment can affeot 

other erivironments. 

MEI 
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Bv US. law. all chemical manuiacturers and importers of 
hazardous sub:.a:ices—.:ee pe:.: household cleaners, or 
even p:.::—m:: write an Ms: 5 to teil uss:s about pLe::,tiai 
hazards, All MSije gives b....= .::. sumers aio emerev ...... 
sonne the correct procedu :,-.- a-sing a panicula: 

overnmentagc:os:ledtheOc:cns Seev 

and Health Admin se:.o1 mc-r-r exnCse:e 

chemicals in the 	 ane 

A:: -, .'-3DS alle:»' the hazardous chernical manufacturer to 
alen the chernical user and emergencv :sonnel about impor-
tant safetv Information. Alrhough fonr can differ. U.S. Iaw 
requtres an MSDS to iflclUde certain dene. 

With your parents permission, lind MSDS reports 

on a paint and an insecticide through the website 

hltp://www.ohsah.bc.ca . On both MSDS reports, lock 

for the following information: 

• Toxicity and heatth effects—both immediate upon 
exposure and long-term exposure effects 

• First aid—what to do if the product gets in a per-
son's eyes or on the skin, or is breathed into the 

lungs or swallowed 

• Reactivity—ifthesubstance will reactwith its 

other products, and the chemicals released i ne 

product is burned 

• Storage—temperature, location, and hand 	 Flash pointrefers 

to minimize risk 	 to the lowest 

• Disposal—directions and legal limitations temperature at 

• Pmtective equipment—safety equipment which chemical 

personal prOteCtiOfl vapors will ignite 

• SpIli and leak—procedures or actions to take in en exposed 
the event of a spill or leak 

toflame 
• Physical data—for example, its melting point boiling 

point flash point, and flammability (if it will bum)  

cHEMISTRY 	21 



A material safety data sheet (MSDS) will contain several sec 
tions, all required by U.S. 1 aw. Eight sections are now required 
on an MSDS, though some intemationally fosmatted matenal 
safety data sheets will have 16 sections. 

The eight required sections am, with descnptions: 

Section 1: The identitv of the material and the manufacturers 
name, address, and emergency phone contact Information 

Section 2: Hazard tngredients.This section lists all ofthe 
hazardous ingredients in the product, as weil as some of 
the exposure limits. 

Section 3: Physical and Chemical Characteristics.This section 
teils what the product will look ilke, smeil like, and also with 
what it will react. 

Section 4: Fire and Explosion Hazard Data.This section lists the 
flash points, firefghting materialsmethods. and any unusual 
burning characteristics of the product. 

Section 5: Reactivity.This section teils what and how other 
chemicals will react with the product. 

continued on page 24' 

Icons like these 
placed on 
chemicals can 
teil you a little 
about them. 
such as if the 
chemical is 
hazardous (top), 
a biohazard 
(cenler), or 
flammabte 
(bottom). 

These abbreviations commonly used in the MSDS am 
important to kn~.  

LEL Lower explosive limit.The point at which a materie-
becomes too 'lean« to bum. 

P€L Permissible exposure limits. Teils how much of the 
product you can safely be exposed to without suffering 
undue harn. 

TLV: Threshotd limit value. Similar to PEL 

1W Time weighted average.The amount of the material to 
which ttie average human can safeiy be exposed over an 
eight-hour working day. 

UEL Upper explosive limitThe point at which a materie 
becomes too »rich» to burr 

1 
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MATEAt SAT!TY !ATA SHEET •...• 
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Section 6: He&th Hazard DataThs section lists any kriown routes 
ofeatry intc : -- e human body, as weil as the associated health 
risks from eacn route of entry. lt also lists any known cancer 
research that may have been done on the product 

Section 7: Precautions for Safe Use. This section iists procedures 
to use in case of accidental spills, as weil as information about 
proper disposal. 

Section 8: Control Measures.This section ilsts ways to avoid 
making contact with the human body such as respiratory protec 
tion, gloves, and ventilation. 
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Safety Equipment 
Chernistry experiments are fun as long as everyone is safe. 
!4ake  ure your experiment is safe by learning about recom-
nendeLi afcty equipment. 

Safety Goggies 
When working with chemi-
cals weai splashproof 
goggies to protect  
your eyes from 
spilled or splattered 
chemicals. 
Rernember that 
goggies worn 
around your neck or 
forehead do not protect 
your eves. Some siate laws 
require every person in the 
laboratory to wear goggies. 

Fire Blanket 
Most ciothing is flammable. If someone's ciothing catches on 
fire, wrap the person in a fire blanket to cut off the supply of 
oxygen to the fianies, just like snuffing out a candle. 

flRE 
BLANKET 

PULL LOOP TO OP4 
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Safety Gloves 
Disposahle gloves like those used in the medi-

\- 	 cl or dontal profession are safety gloves. 
Some chemicals, like acids, are unsafe for 

skin contact. Although sorne si.ibstances 
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 cm work for tempo-
rary assistance until proper medical attention is available. 
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Fire Extinguisher 
If a f1ammabe chemicaY is spilled near an 01 

a dry cheinical fire extinguisher can be critic 
putting out a fire. 

Quick Safety Tips 
• Always have access to a telephone to 

contact medical personnel if needed. 

• Do not work alone or without your 
parent's permission. 

• Follow the experiment's instructions exactly. 

Knowing both where the safety equipment is located 
and how to use it are extremely important. If your 
clothing catches fire, you will not have the time to search 

for the fire blanket or read its instructions before major 

injury occurs. 
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Analytical Chemistry 
Often, a chernist or chemical technician is given a sample and 
asked one of 	questions: I.::t is in it? or Hou' inuch of 
sorne snef' .:.ztericJ s in ir 

F: , 	u'wers 	:hese :'.o questions is what analytical 
chemistrv is about. The first question deals with qualitative 

W1ic. 	in ti-. 15 	 ecci 	question deals 
quantita: 	ana:: 

Quantitative Analysis 
Suppose you are an analytical chemist given a mv:sy clear 
acid. V, 	boss :sks, 	::.:c1 acid is in the solution?" 
You 	ind 	answe 	a:ing out a chemical reaction. 

acid, it will 	a base. 

Acid—any substance -,hat 

can produce a hydrogen 
ion (H) in water; tastes 
sour, Uke lemon juice. 

' 	 Base—any substance tht 
canacceptahydrogenic 
(H) in water; tastes bitter 
and feels slippery in wate-. 

For example, vinegar contains acetic acid. Baking soda, 
or sodiurn hvdroge:i carbonate, is a bass. These t.':c ingredi-
er.s t"'rce gas .rhen reacthg. simhar lo the acI didigestion 

±e i:rodaction. 

L C 

Concentration 

is the measure 

of how much of 

a substance is 

mixed with a 

set volume. 
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Drop a dirty penny 

in a glass of cola. 

Lot the penny 

stay in the cola 

overnight. How 

cloes the penny 

look in the 

morning? The 

acid in the cola is 

strong enough to 

clean the coin. 

WK- 

uk , 
 

To see now  
Pour about a qua::e: tea 
s.on of baking  sa into it. Stir. Re; steps, 
adding t'ai ::g, until no mc: rj 

occus Fi.v .:..:: 	 : 	i require? 	:s due 
:..)jCIl is  

oiution no 1c: 	:is an excess of e.:h-r acetic 
sou 	:ivdrogen carbon:e. 	basc Ls ne.:::alized 

Thc- 	emicaI formula 	trat s :.:ii s  e.\;crirnent 
is as :•:lows. 

HCHO + >HCO - \ - C,HO, + II20 ± CO2 
Soc?:m 	Water C::on 

•en 	ace::e 
carb.:ate 
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Qualitative Analysis 
Now ask the other kind of question analytical chemists ask. 
lnstead of hott,  mach, ask what is in the sample. 

Toothpaste vs. Abrasive Cleanser 

Ruh some toothpaste between two fingers. Now do the same 
with an abrasive household cleaner and a drop of watenHow 
are they the same? Like many household items, the labels list 
the ingredients. Copy the table below and fihl in the blanks. 

Type of ingredient Toothpaste Household cleaner 

Abrasive (often 
carbonate or phosphate) 

Surfactant (detergent 
ike sarcosinate) 

Solvent (water) 

Fluoride (enamel 
hardener) 

Additives (perfume, 
color, flavor) 

Both items clean by using abrasive 
action and a detergent. 1\vo important differ- 
ences are the fluoride in the tooihpaste and 
the type of detergeut, cailed a carbonate. 
Fluoride reacts with tooth enamel to make 
it a harder surf 	which k therefnre less 
prone to tooth deci Fiu1 de aiso fghts 
cavity-causing bacterw 

Calcium carhuiute is typically present 
in both products, but sodium carbonate is in 
only the ahrasive household cleaner. Sodium carbon- 
ate is a harsher ahrasive. If sodium carbonate were used on 
our teeth, it would scratch the enamel. 
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Biochemistry 
Biochemistry is the study of the chemical basis of life. But what 
is life? The simplest unit of Hie is the celL All living organ-
isms—from the smaIiest bicteriurn to the largest mammal-
are made of one or more cells. 

Typical animal and plant cells 

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

- MFOCHONRON 	
CL V 

•'Q[ LASMA MEMf3RANE -- - 

OL 	C/\AUS - 

- 	.-- 	 - -- 	
/ 

N :- 

U'/EUS 

I 

Many biochemists study these proteins to understand the 
reactions necessary for life. Proteins ‚ire importailt in biocliern-
isiry hecause some of thern ctiLaiyze (uake fas/er) the reactions 
that fleei to occur for a ccli to survive. 

There are many different types of proteins. Most are dis-
tincr to specific ccli types or organisms. This distinction has 
helped biocheinists and medical personnel identify and treat 
many diseases. 
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rnyone else in 

nd more then 
more than 
fingerprint,the 

pattern of human DNA is corivicting evidence. 

Photosynthesis 
Plants, algae, and some bacteria have the unique ability to 
use sunlight to chemically convert carbon dioxide and water 
into sugars, oxygen, and energy. This chernical reaction can be 
\•vriiten as: 

6C0 7  + 61-1-,0 	 C6 H 1 06  + 602  
Carbon 	\•\'ater Sunlight Sugar 	Oxygen 
dioxide 

Why are these reactions so vital? The above formula gives a 
chie. Plants use carbon dioxitc' to make sugars. During this 
process, plants release oxvgcn nun the atmosphere.Animals 
cannot make sugars from carbon dioxide. So, they eat plants 
tu get the sugars and other compounds that they cannot make 
indepenclently but that are necessary or life. Animals also 
need oxygen to break down the carbohydrates in food to have 
energv for life. This would not be possible witls.ui the oxygen 
that piants produce. 	tJ 
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Agncuttural Chemistry 
gh 	most of 	r grante. 	hemisirs benes a counWfarm 
cult 	henome :...... There 	: 	 :ertiiizers. fungic: 

1 weed 1:... .. C:. 	::.:s for agency, county  
- 	anes 	:d omons and io. :la- agricuttura 

acM 	- eension office. 

crop growth. or similar 
Ti 	T.S. Deptient 	.-grlculnire. through 	regional 

iaborat:es and A:::ltur. 	.esearch Service, spor::s research government 

.n the deveic::::.ent of agricultural chem::.t.s. These agencyto learn 
developmems are passed on to Mrmers through coumv agems. - how chemstry 

is used to meet 

the needs of 

agricultwe in your 

county.The 

Interne is usefu 

tot locating 

agency telephone 

numbers and 

addresses, 

Fertilizer s 
Plants need more than carbon dtoxide and waser to survive. 
Thev need a -real manv mineral 	::: s. Because piants can- 
not m:: 	around. thev 2lUSi reiv ::. 	- 	.roundings for the 
rde 	::itrients. If th-: nutrient 	... 	.-plerei the 
piants can die. To pres::: cro 	. 	.:::: 	mers and 
gardeners r: comme:.:. :1 ferniizers  

labeled witi: ::: 	um- 
be 	:. 	0 	.. .er similar 
:tumbers t ::.- to ihe i 	:s of three 
pant nut!.-:::s: nitro... 	- ....... 	and 	:::............. 
The first r:her 	tii 	: 	 : 	nirr 	:r.culated hv 
the arnou - 	. 	eement ni:: 	:: 	;. The second numher is 

number :±.: 	-. al- 
-.urn, as cacuiated b -..- the amoum of p01 

oxde KO.. 
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Je p1ar1 need nitrogen. 	sphcnu. andpoias s .nt 
10 grox 

\t! :n is an i::: rtanr par 01 prc•: 	2:1d n1:.c 
acd. In addition, eacd rtcectJ 	 ccmans ::jr 
2 -, trogen atoms Most nants can:.:: u se nnro$en irz'm 

terc nir:.::n. as a source to 	dte  
thev :.•.:-: 

eher i ertnt eIernen fdr plan -u- lt 
tvpicaiFv ts feun:::. : : :ieic acic. :roteris. and the energ 
:urt-encv" f or::.. a compeund caed :ncsine :nphos-
'hate, ATP i 	entia part af enzv:nes cia: oc verts sugars 

:o rtarcji ar. :::c. srarage form a::d te cellulose a strdc:ura 

iJdng ho:.: ::f pIa:irs. 

Potassit.:: :on:rhu;es te ih-: ::ergth and ngidic: 	a 
am the:a not ertoug.h pe s:urc, the eaves an d stalks 

xiI 

Carbon Dioxide—Oxygen Cycie 
move in cv1s ci 

:tarure. 1: -. :.e p:oces : - 	tosvnthess ::::.: 	: the ca:bon 
diaxide cim .:r. atci : 	and give off oxvgen. Wher. 

Y. e tci th:s food rej:a-
senis .:aves rom the pl 	: ::-. snima. 

The carbon dioxide-oxygen cycle 



The Chemistry of Cooking 
There are several reasons to cook our food: lt is easier to 
chew ancl digest, lt is safer from food poisoning, and lt may 
taste hct!er. 

rII:L 

1, 

it 

Onion Chemistry 	 1 
Onions are an anc 
The ancient Egypt 	useu union 	 r 
for medicine and 	iummificatic__ 
Today, all around the world, onions 
are used primarily tor their great flavor. 
What happens when you cook onions? Why 
do people prefer onions cooked insead of i -z1.w? 

Cooking is chemistry in action. 
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ONION TASTE TEST 

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

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

Translucent onion. Line a pan with a few tablespoons of 
cooking oil. \Varm the oil over medium heat on a stove burner. 
Add onion chunks. Cook and stir tor about three ninutes, until 
the onion becones translucent (kind of see-throngh). Remove 
half the onions and cool. Taste a translucent onion. How does 
lt taste different from the raw onion? 
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1 

.10 

Caramelized onion. Continue 
cooking and stirring the 
remaining onions in the pan 
for another 10 minutes over 
medium heat. The onion will 

	4 

becoine brovn, or caramelized. 
Remove the onion from the heat 
ancl allow it to cool. Taste the 
carameiized onion. How does 
it taste compareri with the raw 
and translucent onion? Why? 

HOW lT WORKS 
In the raw onion, you taste 
the bitter thiosulfates. The 
thiosulfates are volatile, wliich 
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 
turus brown. The heat converts the onion's carbohydrates into 
simple sugars that, ilke fructose and glucose, make the onion 
taste sweet. 

How can onions make you 
cry? Propanethial sulfoxk/e 
vaporizes from an onion 

when it is cut.This sulfur 

compound floats in the air. 
When some of it makes 
contact with the eye's nerve 
cell membrane, it produces 

sulfuric acid. lt is no wonder 

that your eyes make tears to 
wash out this toxic acid. 
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Carbohydrates 

Cari.ohvdrates are the suiars  and starches in foods. Thev come 
iairi1y (rom vegetables. The cellulosc o( wood and other 

•:b rous  piartts is a carbohydrate that humans do not have the 
enzyme to digest. 

There are two main voys to cook carbohvdrites: toasting 
and hofling. When toosied on a hoi fire, the corhol]vdrates in 
foods such as breads break down to give carhon and release 

- d other o 	npo 	tu 	prodticts. With a cooler fire,  
tI c Sugars are ch. t,LL 	ü o 	iht hiu 	n caramel 	ch has 
a pleasant flavor. With this type of fire, some of the starches in 
bread are citU tu sugars. 

In cookiug 	egetables and cereals by boiling, some of the 
changes are physicol. The storch granules absorb water and 
may burst. Some hydrolysis (reaction with water) occurs and 
there is some convers.ion of starches to sugois. The woody 
sterns of green vegetabies, made of tough fibers, become ten- 
der and easier to cht'w because swelling softens these fibers. 

Proteins 
Proteins come frorn lean meats, fish, eggs, rnilk, nuts, and some 
vegetables like beans and peas. Proteins are made from amino 
acicls. lt is inlI.)urtant  to eat enough proteins because there are 
sone amino acids that humans cannot make. 

When cooking proteins, it is better to use 
bw rather than high temperatures. Boiling and 
haking are better thon frving, hroi!ing, or 
steanung. A poachcd egg, für exarnole, is more 
digestible than a fried or scrambled egg. 
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Fats 
:'t -he rat e need ' -on 1eat- buter. oleomargarne 

	

iI 	--eia - e rnatenas stcI' 
- Ineannuts Ti 	: :ot:pdcookfatstooi 

1-11is prevellt5 we kmaki 0 ac;oiein, carbon an 
-7--. :-tatir.g arid inowestinle com0oLnd 

ee 

Baking 
Ir ba - bread. coak reh -  on t!e generation ana e\pansion 01 

carbon d oide to 	- 	- 	- - ire and heat heip 
tahre - ipthestarchgra.- 	-- asv 	gei. 
Fatus- i makingpa.rr 	::. 	1e 
tre c:cnncKogetherT 	 flak  

One vav to p: LLe carbon dioxine in b: : - to a1d 
baker east. h: 	-- neessar-  snerg; -o 	e bv 
hreakng down -z-i - 	 -ieeds iii - -,-  things tc 
ure. tood and 	he b-p:: 	of the veast '-eac: - i 
a ::rbnndioidt 	iaicon 	-pori:- -. aking 

	

he otner vt - ro pro :- 	- dio 	aaking is 
to reac an ac 	:. 	ucar: :: 	s ch- :cal reacilon is 
ike ihe .i 	ar aad b - : -ig soda experiment. 

Mix a package of 

baker'syeastwith 

aboutahatfcup 

of very warm tap 

water, Stir in a 

spoonM of sugar. 

Pouritin an 

emptysoda bottie 

and seal the top 

with a bailoon. Let 

the bottle sit in a 

warm place tor an 

hour. Did some-

thing change? 
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Inorganic Chemistry 
Inorganic chemistry is the study of all elements and their com-
pounds exc'pt carbort compowtds. (You will understand why 
carbon is excluded when you study organic chemistry.) Metals 
are among the most useful inorgarlic materials. In general, 
metals can be recognized by their shininess, hardness, and 
ability to conduct heat and electricity. Jewelry, paper clits, 
keys, and coins are müde oi rnetals. Metal wires carry electri-
City in your home. Some metals are elements, but many are 

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

AHoy Composition  

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 fron (Fe), 1 percent carbon (C) 

Stainless steel 70 percont iron (Fe), 20 percent chromium (Cr), 
10 percent nickel (Ni) 

Dental amalgam Silver (Ag), tin (Sn), mercury (Hg) 

wm 
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Iron 
Iron is the most wdely used metdl. Iron and its alloys, 

4 	 like carbon steei and stainiess steel, are useful 
beca 	f heir strength and hardness. 

iIO\ 	e used in tools, nails, 
aüjmobiic janles and bodies, 

structural steeL ar'd mach nery. 

r 
0 	Corrosion and Rust 

fron is easily attacked by oxygen gas and water vapor 
r in air. lt is converted to reddish-brown iron oxide, 

commonly called rust. As the outer layer of iron oxi-

dizes, lt splinters away from the surface, exposing 

the next layer of iron to oxidation. Corrosion costs 

billions of dollars a year in prevention, control, and 

replacement of weakened structures. Look around 
you—everywhere there is evidence of corrosion.The 

process of rusting is shown by the equation: 

4Fe (s) + 2H 20 + 302  - 2Fe203  x 2H 20 (s) 

Paint, varnish, or enamel can cover iron to protect the 
metal from rusting. Coating iron in zinc (Zn) is called 

galvanization. Metal garbage cans commonly are 
galvanized and corrode slowly. Zinc, similar to 

aluminum, forms a protective film by oxidation 

and resists corrosion. 
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Auminu m 
A1unum s one ef the most '.sef 	ct!s 
}- 	lt 	ightwzit and cc 	es- 
tant. Aluminum is used in pro..:..:: :e frozen 
food trays, 	.vrappc:, soda .ir.s electrica: 
wiring, bicvcies, airpla:.es, anc ve: .he silver 
color of fire,vorks. 

n, whch ox .. zes or rusts 
eas!v. :.::.: im rents OXc 	. AtuaiIy, 
alur;., 	'clize 	sily 	±. 	e oxide 
forms a tight, thin film that protects the 
unerving a.:.': .u— 	further oxion. 
Ths on itv:z. 	:deal for drink cis used 
for 	:b.'::ed soda. 

is the most comrnon element 
in the cru JErth and the moon. The ch.!-
lenge is no: :. :-iing aluminum hut in refi:Y::g 
it, hecause aluminum does not exist as a pure 
element. V:n bauxite. n impure hvdrated 
oxide ore, s :efined hv .sng sodium hvdrox-
ide, lt prod.c 1::ia. Electrolys, -*s: -.tri-
city passing through a fluid from a cathode to 
an anccie. se'ates the aluminum element in 
the ref::::c :: 

2AL,03  + 3C —+ 4A1 + 3C07 
Alumina 	Carbon Alumi- 	C::)on 

anode 	nun] 	dioxide 

Aluminum forms the pyramid cap of the Wash ngton 

Monument. At the monument's capping ceremonv 

in 1884, thousands of people were introduced to 

the material. 

Electrolysis is a 

process in which 

electrical energy 

is used to bring 

about a chemical 

change. 
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Activity Series of Metals 
ac1c together to j. 	 element 

0:: :e mc:ai activitv,  serie 	Ic 	::c-:: listed 
below it. Based on the ac::.::: :•s*rt, fc::: 	:;pothesis, 
or a:.sed 	 .:h: would happen if an 
iron ri ;;e soacJ in ccpp.r 

Activity Series 

Most Active lithium (Li) 
potassium (K 
calcium (Ca) 

sodium (Na) 
magnesium (Mg) 
aluminum (Al) 
manganese (Mn) 
zinc (Zn) 
chromium (Cr) 
iron (Fe) 
nickel (Ni) 
tin 	So) 
lead (Pb) 
hydrogen (H) 
antimony 'Sb) 

bismuth (Bi) 
copper (Cu) 
silver (Ag) 
mercury (Hg) 
platinum (Pt) 
gold (Au) - Least Active 



r 

1 
Try this experiment. Wearing safety goggies, place a clean 

iran nail in a clear cup. A lang na .'•arks est. Get same cop-
pe s'Ifate (CO2 'ich s sold as root kl.er at harc'.'are 
stcres. Pou ...... .........s.:e solution in the cup, preerabIy 
leaving the top of the nail out of the solution for comparison. 
V: happened in 5, . .rnd 20 n'ites? How does your con-

ciLsion compare with or hypotliesis? 

Fe (s) + CuSO4  (aq) - Cu (s) + FeSO4  (aq) 

q) = queo 

1 
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loses electrons to cop- 
pc:: -z• 	e 	CC: 	 c sulfate to produce 
iron s 	 _ 	ons 
to bec;: cc 	 . 	 how 
re-C :own or 	 blcc cccer sulfa:e sc•c::on v::. 
become a lighter blue. 

ets -ansfer ei rcs in a predictable fin. The 
chemicc .ccess of trc:s:cr::ng electrons car 	:ited to the 

and metal ions 	arranging thern in the 
acra'tr: se. 	c::e am d . .......:ble m:J :siaced 
at the top. 	as: 	mcs: 3 	cietal 	7..e bot- 
toni. Hvdiccen gas behaves like a metal and is piccc. 
rniddle. Metals helow it cannot liberate hvdrogen gas. 

Zn (s) ± 2HCI (aq) - H (g) + ZnCI, ( 

48 	CHEMSTRY 



Fach metal in ;e activitv senas is capable of dspat. 
korn soluzion the metal ions in anv sah of anv metal below lt in 
the series. In the experiment. since iron is ab, cve copper in the 
series. the iron dsplaced the copper ions in the copper sulfate. 

• If vour nalI was galvanized, then zinc, not fron, is in contact 
wiih the cope: sulfare. The iarger the interval between eIe 

die rnore vigorous die reaction \Vouid zinc be more 
reacive 

• %ouki gold 	be expected to dkpace copper ic 	- a 
solution o copper sulfate' Whv Whv not 

• Trv a similar experiment wirh a naH and sorne 
pennies in a giass of lernon iaice. -%V-hat hap 
pens tc die coper ;n ihe penn -c-15 7  

Lt 
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1 

Step 1 —Make a tunnel by cutting the top off a plastic bottle. 

• : ---[PARflON 

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

Sand andWater 
One part of water treatment is filtratiori, a process that works 
like a net to catch particies that are too large to pass through. 
You can demonstrate the process with an experiment. 
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Step 2—Put the bottle-top funnel, 
2 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. 

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 smalier particles. 
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Disappearing Act 
FiIt two drinking glasses to the top with water so that 
the glasses are aImo.Q jf[Qflg1  a spoonful 
of send to one.Iy stir, trying not to make lt ovee 
flow. Now adda second spoonfutfand. Did lt 
overflow? Dd the sand settle to the bottom? Now 
repeat the experiment by adding table sa!t, instead of 
sand, to the s cid glass.When you stirred the salt, 
did it seem to ii-appear? How mant ;ofuIs of 
salt could you jui before the glass 

Table salt, which chemists call sodlum chloride (NaCI), is a 
sodium ion bonded to a chlorine ion. When sodium chloride iS 	Ions are atoms 
mixed in water, the sodium lons with a positive charge are 
attracted to the oxygen atom in water. The chioride ions with a 	that carry an 

negative charge are attracted to the positive hydrogen in water. 	eiectricat 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. 

Have you ever had buhbles in your nose when you 
drank a carbonated soff drink?The bubbies are car-
bon dioxide originahy dissolved in the drink under 
pressure. When you opened the can and drank the 
saft drink at a iOVVer pressure, the carbon dioxide 
was released. 

Lost at Sea andThirsty 
If some thirsty chemists lost at sea Ianded 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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To understand Separation using boiling points, try 
this experiment. 

Step 1 —With adult heip, fill a teakettle half full of water. 
Add ¼ cup of salt. Close the top and swirl it to stir. Taste 
a teaspoonful. Yuck! 

The boiling poirit 

is the temperature 

atwhicha 

substance boils 

at atmospheric 

pressure. 

Step 2—Fit 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 00 yet. 

0 

1v 	
r 

(1 

\ 	
r 
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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 glas. 

w",  
Step 4—Fill three reseaLible bag with ice. Set one on the re 
pan, wrapping lt around the straw. Set the other two ice bags 
around the outside of the glass. 

Disti!Iation is the 

process in which 

a liquid mixture 

oftwo ormore 

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 you can buy bottled and sold at the 
grocery store. 
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WHAT HAPPENED? 

Heating the teakettle brought the water to its bolling point 
temperature, where it began to boll—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. 

AA 

	

1 	1 	b 	 tf 

'..". 

011 and Water Separation 
Try this. Fill an empty 2-liter bottle with 3 or 4 inches of 
cooking oil, baby oh, or mineral oil. Add approximately the 

Oensny is the 	same amount of water and a few drops of food coloring. 
mass per unit 	Tightly screw on the cap. Shake 

the bottle. The oil and water begin volume of a 	to separate as soon as you stop 
substance. 	shaking the bottle. 



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

w 

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

ttract, 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 dose to the negative side of another molecule. 
This attraction causes cohesion—water pulling together. 

CHEMISTRY 	57 



K li

l- 

Guess the number of drops of water from a medicine 
dropper that can sit on the head of a penny before lt 
overflows. Now try lt and count the drops.The bub-
ble forms on top of the penny because the water is 
attracted to itseff—it is cohesive. 

OiI, which is nonpolar, does not dissolve in waten After 
mixing by shaking the bottle, the oil and water quickly form 
separate layers as the water molecules pull together. 

58 	CHEMISTRY 



.hea cure a corns ou af th 	oind at 3 n Oh 	it carnes ‚vater 

with it.You knov, cou ca cannot run an waer—the cater rrjst ne 

separated fron "-, e o An oil-water separtar s a lerne bot-,e an 

its stde with a weir, or wa that divides the secaratar. The :eter cnn 

od ' up the area behrc te wall in the first haf 

Tie oil separates ta 

'nae a ayer on top üt 

the .',stCr Someofth 
od iayer spUls over th 
top of the weir to the 
second section and is 
cr ed out.The water  
rra,nsfromthebottorn  

te first secto',. 

011-Watet Cup 

Fill a disposable piastic cup wuti nait oil and haif waten Let 
the oii and water separate into two la ers. Poke a hole with a 
pencil near the bonom of ehe cup. Watch ehe vater flow out of 
ehe drain hole, as lt would in an oil-water separator. 





iiutituuI'* 

ORG.:. 

All Iife—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 lt affects 
people's daily lives. 

What Are Organic Chemicals? 
People use the products of organic chemistry every day. 
Hydrocarbons, such as gasoline or natural gas, provide energy 
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. 
These chemicals are neither bad nor good, hut 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 (CH4). Gasoline is a common organic liquid. Plastics 
are probably the most common form of organic solids. 

Hydrocarbons 

are compounds 

rnade of hydrogen 

ancl carbon, the 

simplest being 

methane. 
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£I!.1ii.1 11,1, 1 ir, 
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 srnell. In the 
analytical chemistry experiment, you noticed bubbies from this 
reaction. The carbonic acid decomposes to vater and carbon 
dioxide, which bubbies out of solution. The reaction is: 

CH3C0OH + NaHCQ -* CH3COONa + H 2CO3  
CH 5COONa + H20 + CO2  

Plumbing tip. Use this tip to clean out a 
slow-draining pipe. Pour a cup of baking 
soda, 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 heip to break up deposits, which 
are flushed away by the hot water. 

[.J1rte1r. rrrrnTi 
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. 

( 

62 	CHEMISTRV 



Motor 011 Separation 
In your garage, you might find motor oH arid gasane. Gaspcv'ered 

weed cutters operate cm a mixture of gasoline and Mo-or oWThese are 

not pure compounds but mixtures of hydrocarhons—o•omoounds 'hat 

cc,ntair, varying amounts of carbori and hydrogen. Because the\' have 

dfferent coiling pointS, they can be separated dv dstadon. 

naL:ai gas plant separates ethane and propane, among 
other hydrocarbons, from ehe raw natural gas stream. The 
product left behind consesis primarilv of methane for home 
and industrial heating. The ethane, propane, aral heavier 
hvdrocarbons can be cracked in an ethvlene plant. The ethvl-
ene product then is food for ehe poivethviene plant, which pro 
duces polvethvlene or plastic peilets. The pellets can be melted 
anti 	 :a::en: 	roducts. 

1 

There are many kinds of plastics. 
These that are easily recycled 
are staniped with a code number 
inside a triangle. 

1 

'Td '4v# 
Polyethylene 
terephthalate 

Fo yethyen e 
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Plastics, Polymers. and Recycling 
Plastics are organic materials that people deal with every day. 
Thev range from hard piastic parts in cars, appliances, and fun 
niture to resealable sandwich ha-s. Pol mers are different from 
the materials already discussed in that thev are made of lang 
chains of malendes. This gives them manv of their good prop 
ereies. Polymers are forrned hv chemicall linking many units 
of srnaller molecules together. Most of these smaller units are 
products of the petrochemical industry. 

lt 15 ohvious that most of the modern world's lifestvle is 
based on organic chemistr . Will this change in the future? As 
petroleum reserves are used up, the raw materials needed to 
make drugs, plastics, and other products will need to come 
from other sources, ii we can lessen our need tor oil. gasoline, 
and other fuels, we will greativ extend the fite of th 	raw 
material sources. Chemical research is under way t 	id other 
sources, such as plants, to provide the necessary m:. ials. 

Drug Synthesis 
Drugs er pharmaceuticais have become an integral part of 
everyday life. Most drugs, whether prescription or illegal, have 
been svnthesized by organic chemists. But man' of these 
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One of r zeat cangers of destroying the 
world's rain fores, ..hich contain the greatest 
genetic diversitv of he world, is that this source 
forn drugs:b 1. 

edknes e. - for cirdiac problems and heart and lung surgeries 
vere de - 	m compotrnds discovered in the ram forest. 

Once a new drug has been discovered and shown to be 
effective, ihe orgarlic chemist muse design a s nthesis or chemi 
na! reaction in the laboratorv to duplicate the natural cornpound. 

P Food 

and Drug 

Administration 

protectsthe 

ubli 	by 

moni: 

supp mE. 

Irugs, vt 	es, 

fa and 

wen radiaudn 

i'g'aroducts 

ike mcrowaves. 

; 

r 	L 
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Other 	Ccmtounds 
CIc.sely rela:c 	::::-.s 	chemicals used in every- 
das foods. Aji e::::e 	:e ::emical availahle around the 
house is sucros - . 	s:ga. .•:other example is vinegan 
One area of active rarch is noncaloric sveeteners like sac-
charin and aspartaine. 

Stubborn 011 

Fill a clear ernptv plastic bottle half full of watet. Add a table-
spoon of cii and screw on the cap. Shake the hottle. As discov-
ered in the oh and svater Separation experiment, oil and watet 
do not mix. 

Sur- face Tension 
Surface water molecules are strongly attracted to the 

molecules on their sides and directly below them. 

Watet molecules are not attracted to air.The watet 

molecules on the surface exert all their strong attrac- 
Tip: Remember 	tive forces, called cohesion, on the molecules beside 

theword 	 them and directly belowthem.This strong force is 
known as surface tension. 

surfactant 

because it 	 Here is the challenge: Find a mvstery ingredient to add to 

disrupts t1-e 	the bottle so the oil and watet will stay mixed after shaking. 
lt yen added seap or detergent to the oil and vater. good tor 

surtacetenston. 	von. Those are both surfactants.  See how surfactants break the 
surface tension of vater bv trving this activitv. 

Fill a bowl with vater, theo sprinkle baby povder or 
deodorant shoe powder on the water surface. The powder fleats 
on top because of surface tension. Add one drop of dishvash- 

1::. 

Detergent comes from the Latin word detergere 

which means "to clean." 

\Vhen dropped so wat: 	 n T 

surface, tails up. The buib is attracted to the water molecules-
like magnets. The soap molecules push the powder floating on 
the surface to the edges of the bowl, 



Goat Fat 
The ancient Romans stirred goat fat and wood ashes 
in a pot over a fire to make soap. People continued 
to make soap by a similar process until cornmercia 
soap making became common in the early 1900s. 

1 l 
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\Vhen vou aded a eoaD—a surfaceant—and shook ihe 	 - 
boreie in ehe seuhborn oB experiment. whv dill ehe oh change 	gIo 55 	311v 
front one large droplet on ehe surface of ehe warer ro bubbles 
and email dronlees ca ehe surface 	 floang in a 

Besides changng ehe surface cension of ehe water, eheliquid an in 
oo 	 with. the oH, 	jr si ak.n ,2 hundredS 01 

mieiles form. Thev rarv in size and ehe oH ball forme witk 
ehe taue ci the soap chain poiming inward in ehe oh and the 
neativei charged heade ca the outside :icking our in 
ehe waee 
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Physical Chemistry 
: - nch ochemistn-  ca 	phscalch -  :r'is where 

phvsics ana chemistrv rneet. Phvsica d 	ists otten trv iG 
quantitativelv describe arid measure chemical events and the 
charactensucs ot atoms ana molec&ues. Ptvstcat criemica] 
me:hods can determine the distance between atoms in a mol-
ecule. their spalial arrangement relationship to otte another in 
space. and -,he strengih of the bund that holds -hem together. 
These methods often involve the use of eiecrromagnetic radia-
tiom hut vou fan studv the imeractions tettveen molecules hv 

common obiects 



Caresis Div 
and 

Stepi — -- 

; a- c.--, 
 croie: @: pi;'tt 

he h:e s:e Jcw s 	- 	- - 

Oherw- 	cri:c 

- 	ed. 

Step 2 —HI - diean clear as s ±k 5a::e 

Physical chemistry studies the spatial distance 
between molecules, which expiains the ability of 
a aas to chanae volume bv comoressina. 

1 
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Step 3—Squeeze ehe sides of the boirie. The diver should sink 
ca ehe bottom. 

Step 4—Relax your grip an the bottle. Naiv what did the diver da? 

Diver floats 

ESSuE 

Diver sinks 

Why Did the Diver Sink? 
..0 used a transparent pen lid, squeeze the bottle and watch 

ehe bubble inside the diver cioseiv. When the bottle is 
squeezed, the waeer pressure increases and ehe air bubble 
becomes smaller. 

Liquids are called incompressible because their 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 cioser together and take up less main. 

The diver, like a boat, floats because of buovanc the farce 
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 waten At this paint, the pull 
of gravitv exceeds the bus ant farce, so the diver sinks. 
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Backpack Hiker 
Have vou ever backpacked in the mountains? \Vhile vou were 
hiking, dlii von notice it was more difficult to breathe The 
atmosohere, or ehe air around us, stavs dose to 21 percent 
oxygen anvwhere in the world. What is different at the high 
aitieude is the bw pressure. Imagine at the bower pressure ehat 
the air molecuIes float farther apart. \Vhen you inhale air at 
high altitudes, a smalber number of oxvgen molecules fill our 
bungs. So at high alhtudes, vou muse breathe faster to suppiv 
ehe same amount of oxvgen Co vour bbood, as vou wouid ae a 
lower altitude. 
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PHYSICAL CHEMISTRY 

As a scuba diver descends 10 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 
10 ff1 their lungs. At a higher pres 
sure, the body accumulates nitro-
gen in the blood and tissues. When 
the diver returns 10 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 bubbies 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. 

Chemists use the word density 10 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 volurne, bot 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 bailoon 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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2 oilution 

.1... 

The term dliurion is rommonpiace in todavs sociern 
Hardiv a dav goes bv without a news renort ahorn 

oliution and its efiect on the environment in the part 
as people pressed forward with adrances in technologv 
hving standards, and conveniences. linle thought was 
given to the possihilliv that bvproducts might harm 
the environment 

Todav people are concerned ahorn environmental 
contamination ftom pollution. lt is becoming more 
impertant to understand pollution, materials that pc. 
the environment. how to stop pollution. and how to de 
up polluting materials. 

Main-  cui-rent problems—ah and water pollution, toxic 
wastes. and warte disposal—were paniaiIv caused by nie 
irnproper use of chemistrv. Hope 1ICS in our chemisis, who 
ran help to solve theseproblems and oerhaps reverse much 
oi nie damage that has been done. 

1 

:Loose 

30 10, asic 
Govemment Agen c es 

- 	
- wnether any 

sr ience ts interwoven tr. 	strurture ot our soretv an 
goerrment. Government agencies were tormed to proteet pOIIULt 	5 

nie people and enviromnem horn chemicais and to monitor poducec 
nie responsible use of chemicals. 

The Environmemal Protertion Agencv protects human P15t1 	a v 	1. 

heaith and the air, waten and land upon which our hea]th ..: how 
depends. Congress enacts nie environmental laws. but it is the 
EPXs responsibiiity to develop and enforce these regulations. 
The EPA conducts research beiöre setting national standards produced and 
and deiegatiacthem to states and tribes to implement. The 

- howtheyars 
state-level eii3. -~ironi-nental agenctes i ssue permits. 
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companv plans ta build a new :efnev, 

• must obrain an e ,  issions permit rotn the 

vhich the refinerv is :o be bcilL ThIs peri 

ais :he anount and evp-2z  o chemi:als the 

:ner an release lnto the al: water. ani sei. 

The EPA ls nart oi the lare: U.S. Public 

\$ 	 Heahh and 	ices Department. which hicludes 
Y5 	several agn.c worling with chemicais. stch 

as :he FDA. Cemes or Disease Coro. and ehe 

Look frthe 	 National Institute ot Safetv and He,:t - . The olawing 

.ncies and departmen:s a:e asc' responsihle fo: heml-
vourbeheImet. 	 . 

.. .rmv korps 0? Englneers. Deparzmern ei  

Deparimen: of Deense, National Secuhtv Agencv. Cemra 

Imeiligence Agencv. Na ona Scienze F natlon, Natiena 

Institutes o f  Standards and Technologv, and American Secierv 

er Testing and Materials AST-M, 

.H no  LltjCii 

Most ::: -..::.s ::d te breathe. The air PI3VS a crhica :ee 

;he car ........ 	s-oxvgen ccie he:ween panz.s artd ani:nris. 

Despi:e 	.::i: t::.: nce of clean am hnwever. we mt;nualIv 

durnp  

The most common air poliutams in the Uni:ee States are 

:iqaid and soiid pa:tces ar.ci gases such as carhen menex:de. 

:fr xides, n:trogen oxides. hvdrocarbons. and ozone. These 

pciutants :ause manv problems, rancing fram health moh 

u -  anz u decreased praducdvitv of piams Most ef :he 

carhcn :nono:'.ide comes fmm the incomPete huming ef 

fnels hke gas and coa 

E • . ii generatmg • ts, dustnal iactones, d rs aU conLiibte 10 polL 
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Sulfur oxides come frotn several soutces. Natural sources 
include volcanoes and decaying vegetable and animal matter 
in the oceans and on land. An unnatural source is the burning 
of coal. 

Acid Rain  
The hurning of fossil fuels, including coal and gasoline, 
releases uxides of sulfur and nitrogen. In the atmosuhere, 
these can react with water to form corrosive inorganic acids 
such as s1furic acid. When it rains, these acids also fall and 
nay greatly damage the environmeut. i'hey can burn the 
!eaves of trees and damage trunks and roots. If the damage is 
severe enough, trees can die. 

Acid-formrng gases and particies have been linked to a variety of environmental 
problems, including forest decline, limestone and marble decay, and respiratory 
disease in humans. 
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The extern of an acid rain problem can he measured by 
determining the pH of the affected water. The symbol p11 is a 
scientitc term that expresses ihe concentration of hydrogen 
ions (H +) in a solution. The greater the nuni her of hydrogen 
ions, the more icidic the .vater and the lower the pH. A p 1 1 of 
7 is neutral—neither acidic nor basic. i\ pH below 7 is acidic. A 
pH above 7 is basic. The pH scale is a logarithrnic 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 lt 
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 co]iect sulfur oxides and prevent them from being 
released into the atmosphere. Studies show that acidified lakes 
can be neutrahized. Over time, they can be restocked with fish 
and returneci to their original condition. 

Make an air pollution tester by sliding an empty tissue box inside a 

knee-high nylon hose. Prepare a second one the same way. Place one 

of these pollution testers in a horizontal position in an open place on a 

rooftop location, away from pets and people. Store the other pollution 

testet inside, also horizontally, as a controiYou may need to bring the 

outside pollution tester temporarily indoors during rain. 

After a few weeks, examine both testers with a magnifying glass. 
Count and record the 
number of broken threads 
on each. 

Return the testers to 
their previous locations for 	 j 
a couple of weeks. Count 

and record the number of 

brokenthreadsagain,The 

acidic soot in the atmo-

sphere causes the breaks. 
How do the indoor and L ' 
outdoor testers compare? 
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ACIP 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 
pollutlon. Volcanoes and forest fires are two natura! sources. 
Humans contribute much more from activities such as grinding 
and spraving, which cause dust, and burning coal and gasoline. 
In general, ihe 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 to countries over-
seas. In addition to the ohvious problems that these particies 
can cause, thev also promote rhe reactions (hat cause acid rain. 

Ozone 
Three oxygen atoms bond together to make an ozone 
(03) moleculc. Ozone is found in nature primar- 
ily in a thin inei of atmosphere about 20 miles 
above Earth. Scientists are concerned about the 
hole in the ozone layer over Antarctica—where 
there are very bw levels of ozone. In the upper 
atmosphere, the ozone bayer 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 catalvst 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. 
Froon-free and/or CFC-free air conditioners and refrigerators 
are the technology of the future. 

r • . .. LI 
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Although ozone in the stratosphere protects us, breathing 
ozone is harmful for plants and animals, especially people who 
have breathing problems like asthma. lii cities, ozone is pro-
duced by the interaction of hydrocarbons and nitrogen oxides 
under the influence of sunlight. lt is a major and dangerous 
coinponent of smog. 

Ozone is a twofold problem. We need ozone in the upper 
atniospliere 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 Warm ing 
Carbon dioxide is not normally a pollutant. Animals and 
humans exhale carbon dioxide, and plants remove it fmm the 
atmosphere in thc' process of phOIOSyTLtIlL'SiS. As a grecnhouse 
gas, carbon dioxide (only 0.04 percent of the air), traps heat 
many times more than oxvgen. Many scientists believe 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, ancl nitrous oxide 
are also greenhouse gases. Scientists heavily dehate the impact 
of average temperatures near Earth's surface possibly rising, an 
effect called global warming. 

-Y 

- 	 f 

i ne wore Smog is fog and smoke combined. 
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TheGeenhouse Effoct 
The anaiogv that Earth is a greenhouse is appropriate. Eanhs 
atmosphere lets jn visible lighr and infrared radiation heat 
energvand then Iraps sorne oi the heat enery so that Earth 
stavs warm '.Vithout the greenhouse gases trapping heat. the 
whole Ea -th wouid be as coid as the Arciic all vear. 

Signicant changes in Earths temperatures could have 
dramatic consequeaces. and there is no easv solution to ihe 
problem. \Ve could rrv to reduce the amount of carbon dioxide 
we add to the environment \Ve could trv to replace the lost 
vegetaton. especiallv the raintoresis. We can perhaps devebp 
technologies to remove some of the excess carbon dioxide horn 
the atrnosphere, in an-, -  case the possibi 	of global warming 
presents chailenges and opportunities. 
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Phosphates 
L: 	::ients list on abox of deteent bu will 
tliscc;-: .::z 	hings go into detergent. One ingredient is a 
bufic 	: :. 	:er softener. The huilder binds firmiv to the jens 
in hard 	that the suriactant can attach je dirt and eis. 
The uilder ob is te build ue the nower of „he surfactant. 

Until receniv. most laundrv detergents used phosphate 
builders. Phosphates are lowcost. ow-toxicitv. and effective 
water softeaers. Thev seemed ihe perfect builder. umil a 
surprising thing happened Aigae in some lakes grew om of 
conrroi, covenng the top ei the water. Fish depend on oxvgen 
from the air above the lake jO dissolve in the water for them 
to breathe. \Vhen the algae die and decav. rhey use !arge 
amoums o§ oxvgen. Fish suffocated because water. covered 
withdec :ig aigae, bad tee linie oxvgen fer them to breathe. 
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hernsis iound that phosphates are excellent nutrients 
aiae The Iaundrv deter cm phosphates front washing 

inc drainage dumped imo rivers, strearnr, and lakes. 
npting our-of-controi algac growih. 
Todav. phosphates have been removed front iaundr 

detergents, and stronger legislarive action is being taken 
to control these substar.: that harm the environmem. 
Yet am ihis tirne, phosphates are still widelv used in hoch 
ishwashinn detergem and m iertilizes 

Solid. \Vastes 
Algae 	way Trash tvpicallv has been dispesed 3f in two wavs: hv dump 

ng it in landfills or bv burning lt. Boch methods ae still used 
:odav. hut neither is perfect because dumping is unsanitarv ami 
buming causes air pouution. 

New technologies may heip to reduce air pollution from 
nurning trash. Saniiarv landfluls are ancL'her 	ossibic scuion 
However. landfihls can have some mator problems. \Ve are 
running ouc o land to make landfills. And. if ponriv managed. 
1andflis can leak wastes that pollute wate:. 

Another possihle solution to rhe solid waste Problem  is 
ecycling. Bv recycling. we have less waste :o dispose oL amt 

we are ahle 10 -ge,  muicipe use 	it of papen cans amt gass 

Every year,  

Antercens use Recycling helps our planet ar.d us. lt reduces our depertdence 
on crude cii. owers our enernv needs, reduces ',he a:ncrmt of 

more tItan 25  wasre that must he d - sposed ci. and reduces pohunon. 
billion p astic Different polvniers have difrereni p:operties that determine 

their uses. Probablv orte of the most famiiar piasiics 	blowrr 
'oamcuos - 	- 	 - 	- 	- 	- p.vstvrene, or plasuc Icam. Thts matertal i;;rseo tor not- 

beverage cups. egg cartons. and disposable plares. II has enotsgh 
heat resistance cc stand up to boing waten 

The Problem wth poivstvrene is lt will :ake up tc' 400 vears 
fix-  rzs long -hain mclecues ic decom ose u: a andftll. P1astc 
bam has become a svmbc o f  our wase iisposa problems 
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Many polymers can be melted aiid formed into new 
objects. Sonie commonly recycled plastics are polvethylene, 
plastic soda bottles, and milk jugs. Recycling recovers most of 
the raw material and energy that goes into making an object. 

Aluminum Cans 
Recycling aluminum cans saves the wilder 

ness from mining and reduces landfihls, 

but the biggest impact is the saved 
energy. On average, electrolysis uses 
three times as much electric& ener-

gy as required to recycle the same 

amount of aluminum. 
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Natural Resources Saved by Recycling 1 Ton of Newspaper 

Natural Resources Amount Saved Equivalent 

Water 7,000 gallons 200 bathtubs fufl 

Landfill space 3.3 cubic yards 10-foot-square area in a room 

Oil 3 barrels Six 20.gaUon tanks of gasotine 

Trees 17 trees How many trees does your yard have? 

Electricity 4,000 KW-hours Six months of electricity for a home 

Caicutate this! How many trees could your tarnfly 

save by recycling the daily newspaper? Make a 

stack of one weeks papers from Sunday through 

Saturday. Measure how tafl the stack is in inches. 

A recycled stack of newspapers 4 feet tall can save 

a tree 40 feet tat[. 

inches of newspapers per eek) (52 weeks 

per year) (48 inches per tree) trees saved 

by recycUng per year 

Recycling the Houston Chronicle daily für a year 

would save more than five trees, each as tab es 

a three-story houseYes, people can plant more 

trees, but as a who!e trees are consurned faster 

than they grow. 

!-' 
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ft takes 1,050 

rccd milk 

jugsto make a 

6-fügt pastic 

park bench 

1 

Glass 
Sa.d, soda ash, and Hmestone are mixed ano heated 

ro make glass. Eventuav, gass breaks donn H a 

andfiht. Recyclirg gass does not save energy etther. 

So why recyce cnass?The ansaier is to save the 

ndf spaoe—anc is a nreoous resource. 



8t',Isitwin1Ii 
Did vou eniov ehe work von did Co earn the Chemistry merit 
bae? lt so, vou might like to learn more about careers in 
c1Temitrv and related fieids. To prepare tor a career in anv 
1::: of chemistrv, a high school student should take as 
m:vscience :ou:es 

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

Training Required 
wiCh a bachelor's degree in chemistry attended a 

cc1re c: university and look about a quarter to a third of 
their courses in chemistry, with several supporting courses in 
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physic, mathematics, and Computer sCienCe. Many Chemists 
stay in schnol after earning a baChelor's degree and earn 
advanCed degrees. The master's degree typiCally requires two 
years of studv, and the doctorate requires at least three years 
beyond the master's de gree. 

Industrial Chemst 
ScarCely anything used by society is untouched by chemistry. Big 
chemical companies and petroleum companies, obviously, employ 
chemists, as do pharmaceutical companie, large manufacturcrs, 
utilities, and biotechnoiogy companies, 	name a few. Most 
chnists work in industry. A business using chemicals often has 
SC\'C al choices for a chemist like technical sales and service, 
rnanufactunng, markeung, and research and development. 

(. 

1 	. 	 :..... ..-.. 

Many large chemical and petroleum companies hire 
industrial chemists. 

Chemical Engineer 
A chemical engineer is a professional with a broad background 
in chemistry comhined with training in manufacturing princi-
ples, physical design, and economics. Computers are a vital 
tool for the chernical 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 consuidog. A chemical engineer's first position 
could be in a refinery, chemical plant, or an engineering firm. 
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There are positions in which chemisis aiid chemical engi-
neers are interchangeable. Clietuical ongineers can advance in 
company management or be private consultants. Chemical 
engineors have mang doors oceu to them; they also can move 
on tu careers in law or medicine. 

Training Required 
The student who enrolls in an engineering college takes basic 
engineering courses for the first two vears md basic chemistry 
courses. In the third or fourth year, in addition to some of the 
advanced courses that a chentistiy maier would take, there 
are specialized courses in ciiemical engineering. iI1C student 
would also have courses in physics, mathematics, and 
Computer science. 

Chemical Technician 
Chemical technicians are trained mainly in chemistry lahora 
tory rnethods. They have knowledge of chemistt -y but not the 
extensive knowledge of theory that the chernist and chemical 
engineer have. 

p
Chemical technicians have many responsi-

bihties in manufactunng plants, often as mem-
bers of teams that include chetnists, chemical 
engineers, craftspeople, production emp!ovees, 
and maintenance workers. lhey may install or 
operate the machinery used to make cheniicals. 
They may analyze prodticts from a new process 
under testing, or they mag be part of teams that 
run hundreds of analyses every day in a manu-
facturing plant. 

Cietnicai technicians may join chemisis in 
research and develontuent or help chemical 
engineers run pilot plants. Their training and 
skills fit them for manv positions in ihe chemi-
cal industry. Thev have the flexibility to ha ncfle 
different responsibilities in a plant as needed. 
Chomical technicians are not Timiled to the 
chemtcal industry, bot couid be u.seful anywhere 

there is a call for their skills: in other industries that use 
chemicals; in hospital laboratories tesling medical samples 
or hospital materials; or in foderal, stab, and local government 
agency iahoratories. 
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Training Required 
Two c rhree vears of study bevond high school are needed to 
quaiii Jrt the associates degree given hy 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. 
Besiles chemistrv, students usuallv take mathematics, Eitg]ish 
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 iibrarian also is a specialty that mav be appropri- 
ate. \ chemist or chemical engineer vithi doctorate may spe- 
cialize in research and development. Chcmist 	tcach in high 
schools, technical Institutes, colleges, jod universilies. 

Chentsts interested in lax mav hecome 
patent attorneys. This specialty is best serve, 
by an undergraduate degree in chemistry, 
followeclby a law degree. 

Another career that builds on an under-  
graduate degree in chemistry is high-Ievel 

 management in industrial companies. The 
aspiring manager would ne€'d a master's 
degree in business administration. Chemists 
finding their imerets and talents pointing  
this way after the' hegin an industrial career  
can take nighl-schoLl courses until they 	 ' 
complete their degree requirements. 

A bachelor's degree in chemistry or chemical engineering 
can lead to interetiug careers that overlap many other disci-
plines. For example, a career in biochernistry, biotechnology, 
or n dical research could begin with an tindergraduate degree 
in chuoustry. 'I'here are many opportwiities in envirotimental 
chemistiy, clinical chemistry, geochemistry, and related areas 
in which chemistry is applied tu other disciplines. Chenlistry 
students who think thev 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 Resources 
Scouting Literature 
Aslroiunny, Covkirig, Electricity, 
E1u'r,9) Engini'eririg, En vironmental 
Science, Fingerprinting, Fire Safety, 
Forest.ry, Gardening, G&' log", Inventing, 
Mc'dicine, Metaiwork, NuclL'ar Science, 
Oceanograpin, Painting, Plant Science, 
Potteiy, Public Health, Pulp and Paper, 
Soil and Water conserocition, Spare 
Exploration, Textile, and Veterinwy 
Medicine incrit badge pamphlets 

Visit the Boy Scouts of America's 
oflicial 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 
Scieiice Experiments With Everyday 
Materials. Black Dog & Leventhal 
Publishers, 1997. 

365 More Simvle Science 
Experiments 1Vil/i Eucryday 
Materials. Black Dog & Leventhal 
Publishers, 1998. 

Cobb, Vicki. Chemically Active! 
Experiments You Can Do at Home. 
HarperColiins, 2001. 

Evernden, Ma rgery. The Experimenters: 
71velue Great Chernists. Avisson 
Press, 2001. 

Gardner, Robert. Science Projects About 
Küchen (hem.stiv. Eislow, 1999. 

Kramer, Alan. How to Make a Chemical 
Volcano und Other Mysterious 
Experiments. Scholastic, 1991. 

Moje, Steven. cool (7/um istrv: Great 
Experiments Wit/t Sunp(e StatT. 
Sterling, 1999. 

Newmark, Ann. Chetnistrj Dorling 
Kindersley, 1999. 

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

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

Snyder, Carl H. The Extraordiri.aiy 
c/iemistrv of Ordinan' Things. 
Wiley, 1995. 

VanCleave, Jariice Pratt. lanice 
VanClcaL'e's A + Pro jects in 
chcvaistl7. Wiley, 1993. 
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