
Name C~ass_________ Date __________

(IiASIC CHEMISTRY
~Activity 1. Atomic Theory of Matter

SUBSTANCES
It is obviousthat the world is madeof many different materials. A particular kind of

material, with definitepropertiesandchemicalcomposition, is calleda substance.A
sampleof any substanceis made up of largenumbersof particlesof matter.

1. Name threecommon substances.

ELEMENTS

By meansof chemical changes,most substancescan be broken down into other
substances.However, therearecertainsubstancesthat cannotbe brokendown into
others by ordinary chemical reactions. These substancesare called elements.
Elementsare compo~dof only one type of atom. All substancesare eitherelements
or compounds.Compoundsare combinationsof two or moreelements.

1. After the nameof eachelement, write its symbol.

hydrogen sodium______ chlorine ______

carbon phosphorus potassium

nitrogen sulfur _____ calcium _____

oxygen magnesium iron _____

COMPOUNDS
Most elementswill combinewith otherelementsunder the right conditions. When
two or more elementscombine chemically, they form a compound.In forming a
compound,the elementscombinein definite proportions.For example, tablesalt, a
compoundof sodiumandchlorine, alwayscontainsoneatom of sodiumfor eachatom
of chlorine. The propertiesof a compoundare different from thoseof the elements
that form it. For example,the propertiesof table saltarevery different from thoseof

sodium, which is a soft metal, andchlorine, which is yellowish-greengas.
Organic compoundsare carboncompoundsthat occur naturally in the bodies of

living organismsor in their productsandremains.Organiccompoundsalmostalways
containhydrogenandusuallycontainoxygenandnitrogen,aswell. They may contain
other elements, also. Sugars, starches,proteins, fats, and oils are organic com-

pounds, Compoundsthat arenot organicare called inorganiccompounds.

¶ 1. In a compound,two or more are combinedin

2. List the namesof five kinds of organiccompounds.

STRUCTURE OF ATOMS
Thebasicunitof structure,of all elementsis theatom. Atoms, in turn, consistof three
types of particles: protons, which are positively charged~electrons, which are
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negatively charged: and neutrons, which have no electric charge. Protons and
neutronsare found in the densecentral portion of the atom called the nucleus.
Electronsare found in the spacearound the nucleus. Eachatom normally has an
equalnumberof electronsand protons,so that as a whole it is electrically neutral.

1. The nucleusof a certain atom has 17 protonsand 18 neutrons.The atom has

_________________________ electrons.

2. If the atom had 17 protons and 19 neutrons, the atom would have ______________________

electrons.

3. If the nucleushaving 17 protonsand 19 neutronslost oneproton andtwo neutrons,what change
in the numberof electronswould be neededto keepthe atom electrically neutral?

ATOMIC NUMBER, MASS NUMBER, AND ISOTOPES

Every atom of a given elementhas the samenumberof protonsin its nucleus.This
numberis called the atomic number of the element. For example,every hydrogen
atom hasoneproton. The~tomicnumberof hydrogenis therefore1. Every oxygen
atom haseightprotons.The atomicnumberof oxygenis 8. The identityof an element
is determinedby its atomic number~thenumberof protonsin its atoms).Every atom
with oneproton is an atom of hydrogen.Every atomwith eight protons is an atomof
oxygen.

The massnumberof anatom is thenumberof protonsplus thenumberof neutrons
in the nucleusof the atom. Mostoxygenatoms,for example,haveeight protonsand
eight neutrons.Their massnuthber is therefore16.

The atomic numberof an elementdoes not vary. Its atoms all have the same
numberof protons.However, the numberof neutronsin an atom of anelementcan
vary. Therefore,atomsof thesameelementcanhavedifferentmassnumbers.These
different varietiesof the sameelementarecalled isotopes.For example,an atom of
oxygen may have eight protons and nine neutrons. Its mass number is 17. To
distinguishone isotope from another,we write the mass numberalong with the
symbol bf the element. For example, the oxygen isotope of mass number 16 is
representedby ‘~0or by 0-16; the isotopeof mass number 17 is shown as ~Oor
0-17.

Thereare three known isotopesof hydrogen: ‘H, 2H, and ‘H. They havebeen
given the commonnamesof protium, deuterium, and tritium, respectively.Their
atomic structuresare shownin the following diagram.

C

Ordinary Hydrogen Deuterium Tritiurn
Mass number: 1 Mass number: 2 Mass number: 3
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I. How many protons, electrons,and neutronsare there in a protium atom?

2~The mass numberof tritium is

3. What is the difference, if any, in the numberof ~a protons and kb) neutronsin tritium and
deuterium?

4. Give the atomic numberand massnumberof the foIl owing isotopCs,

Isotope Atomic number Mass number

L_._______________________
.

~

Ch~rine(17+,1BN)

Carbon(6±,6N)

Carbon (St, 8N)

Oxygen (8~-,iON)

RADIOACTIVE ISOTOPES

The nuclei of many isotopesareunstableandundergochangesin which they give off
radiationand/orchargedparticles.Suchchangesoften endwith the productionof an
isotopeof anotherelement.Thisprocessis called radioactivity,or radioactivedecay.
The rate at which a given radioactiveisotope, or radioisotope,decaysis alwaysthe
same.This fact often allows usto calculatehow long acertaindecayprocesshasbeen
going on, and thus to determinethe ageof an object.

1. The breakdownof an unstableisotopeto an isotopeof anotherelementis called

,or

2. The atomsof someradioactiveisotopes,or radioisotopes,areusedin scientificstudies.Theyare

called ____________________

s ELECTRON STRUCTURE OF ATOMS
The electronsin an atom occupycertainregionsaround the nucleuscalled energy
levels. For our purposes,we will use the following simplified model for electron

.arrangements.The first, or innermost, energylevel can hold a maximum of two
electrons. The second(next-to-innermost)energylevel canhold a maximumof eight

electrons.The third energy level can hold a maximum of eight electrons(sincea
ninth electronwould occupythe fourth energylevel). Thus, thediagramson the next

pagerepresentatomswith filled outermostenergylevels.
Atoms tha havefilled outermostenergylevel tend notto reactchemically. Atoms

that do not have a filled outermost energy level tend to react and combine
chemically. They do this by shifting their outerelectronsin sucha wayas to produce
a filled outermostenergy level. This may be accomplishedby sharingthe outer

electronswith other atoms,by addingelectronsfrom otheratomsto the outermost
energy level, or by donatingouter electronsto other atoms.
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Helium Neon Argon
Atomic number: 2 Atomic number: 10 Atomic number: 18

1. Which of the following atomshavea filled outermostenergylevel?Which are the most likely to
form compoundswith atomsof other elements?

2
20 20 S~ C. 8Q ~3 d.y~2.22 2
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BASIC CHEMISTRY

~ctivity 2. Chemica’Bondsand Chemica’ Reactions

COVALENT BONDING

Most of the bonds in organic compoundsare
covalentbonds. In covalentbonding,the outer
energylevel of eachatom is Riled by a sharing
of electrons.A carbonatom hasfour electrons
in its outer energy level, When carboncom-
bines with other elements,eachcarbon atom
fills its outer energy level by sharing its four
electronsand four electronsfrom other atoms.
The diagramshowshow carboncombineswith
hydrogento form methane,CH4. A hydrogen
atom hasoneelectronin an energylevel that is
filled when it has two electrons. By sharing
electronswith the carbonatom, eachtivdrogen
atom obtains two electrons to fill its outer
energylevel, andthe carbonatomobtainseight
electronsto fill its outer energy level. Notice
that eachbond betweenthe carbonatom and a
hydrogen atom consistsof a pair of shared
electrons. In covalent bonding, the electrons
are alwaysshairedin pairs.

1. An oxygenatom hassix outerelectrons.It must share
in covalentbonding.

pairsof electrons

IONIC BONDING
The atomsof acompoundarejoined togetherby chemicalboncLs.Therearetwo basic
typesof bonds—ionicandcovalent. In ionic bonding thereis a transferof electrons
from oneatom to another.That is, oneatom gives up electronsand the other atom
gainsthem. In this way both atomsobtain filled outer energylevels.

The diagramon the nextpageshowshow sodiumchloride(ordinarysalt) is formed
by ionic bondingof sodiumandchlorineatoms. A sodiumatomhasoneelectronin its
outerenergylevel andeightelectronsin the nextinnerenergylevel. A chlorineatom
hassevenelectronsin its outerenergylevel. An outerenergylevel is Riled when it

haseight electrons.Whenthe singleouterelectronof a sodiumatom is transferredto
the outerenergy level of a chlorineatom, the chlorine energy level becomesfilled
with eight electrons,andthe sodium atom is left with a filled outer energylevel of
eight electrons.Whenthe sodiumatom gives up oneelectronwith a negativecharge,
it is left with an excesspositivechargeof one unit. The chlorine atom now has one
extraelectronand thereforehas an excessnegativechargeof oneunit. An atom (or
groupof atoms)that hasacquiredan electricchargeby losingor gaining oneor more
electronsis called an ion. Sodium chloride consistsof positive sodium ions and
negativechlorine ions. The attractionbetweentheseoppositechargesis thechemical
bond that holds the ions togetherin a crystalof the compound.

I

C

C

n

C
0
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atom

I

sodium \ chlorine
on(+) ion(—)

1. An oxygen atom has six electronsin its outerenergylevel. It needs______ electronsto fill that
energylevel.

2. A calcium atom has two electrons in its outer energy level. When calcium forms an ionic bond

with anotherelement, the chargeof its ion is _______

WRITING CHEMICAL FORMULAS
Compoundsare formed by combinations of atoms in definite ratios. Chemical
formulas represent these combinations by means of symbols. In an empirical
formula, the elementsin the compoundare representedby their symbols, and the
simplestproportionof atoms in the compoundin shownby subscriptnumbers.The
empirical formula for sodiumchloride is NaCl, showingthatthe sodiumandchlorine
atoms are combined in a one-to-oneratio. The formula for water is H~O.The
subscriptnumeral2 after the H meansthat thereare two hydrogenatomsfor each
oxygen atom in water. (A subscript1 is neverwritten.) A molecularformula shows
the actualcompositionof amoleculeof acompound.Astructuralfonnulashowshow
the atoms in a moleculeare bondedto oneanother.A dashis usedto representone
pair of sharedelectrons,or onecovalentbond.

1. For eachof thefollowing formulas,statethenumberof atomsof eachelementrepresentedin the
formula.

NaOH -

CCL —

C6H1206
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n’) Activity 2. Chemical Bonds and
CHAPTER 3

~1 Chemical Reactions Page 3

2. The structuralformula for carbondioxide is 0 = C = 0.

a. The empirical formulafor carbondioxide is _____________

b. Eachoxygen atom is sharing pairsof electrons.

c. The carbon atom is sharing pairs of electrons.

3. Write the empirical formulafor eachof the compoundsshownbelow.

CI H H H H H H H
I I I I I

Cl—C —CI H — C — C — C — H Cl— C — C — Cl H — C — C — 0 — H

I I I I I I I I
Cl H H H H H H H

4. Write the formula for the diatomic molecule formed by two atoms of each of the following
elements.

hydrogen oxygen

chlorine _____________ . nitrogen

CHEMICAL EQUATIONS
Thechemicalbondsholdingatomstogetherin acompoundcanbe broken.The atoms
can then form new bonds with other atomsin new combinations.This is called a
chemical reaction. Substancespresentat the beginning of the reaction are called
reactants.Substancesproducedby the reactionarecalledproducts. With the useof
symbols and formulas, a reaction can be representedby a chemical equation.
Chemicalequationsarestatedin a specialway. In the following example,Reactant1
and Reactant2 react, producingProduct 1 andProduct2.

Reactant1 + Reactant2 Product1 + Product2

j 1. Completeandbalancethe following equations.

H2 + 02 —~

C6H1106 + 0~ _________________

1:3 Chemical Bondsand ChemicalReactions 17
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(1 BASIC CHEMISTRY
Activity 3. Solutions and Suspensions; ACidS, Bases,

and Salts

MIXIU R ES
A mixture is a physical. rather than a chemical, associationof substances.Each
substancein a mixture retains its individual properties. No chemical bonds are
formed betweenthe substancesmaking up a mixture. A mixture can be separated
into its componentsubstancesby physicalmeans.Different typesof mixtures include
solutions, suspensions,andcolloids.

A solution is ahomogeneousmixture of two or moresubstances.In a solution made
by dissolving a small amount of oneor more substancesin a largeramountof liquid.
the dissolvedsubstanceçor substances)is called the solute. The liquid in which it
dissolves is called the solcent, Particlesof solutewill not settle out on standing.
Solutionsare transparent.

A suspensionis a rflixture in which particleslarger than those in a solution are
suspendedin anothermedium. For example, particles of fine clay mixed in water
form asuspension.Unlike asolution, the particlesin a suspensionmay not be evenly
distributed, and eventually they settle out. Also unlike solutions, suspensionsare

cloudy.
A colloid, or colloidalsuspension,sharessomecharacteristicsof both solutionsand

suspensions.The particles.in colloids are larger than those in solutionsbut smaller
than those in suspensions.The particles in colloids do not settle out, but are kept
suspendedby impactswith the moleculesof the dispersingmedium.

1. Statewhethereachof the following materialsis generallya solution, a suspension,or a colloid.

Salt in water

Mayonnaise

Soil in water

Hydrochloricacid in water

~I ilk

Sodium hydroxide in water

ACIDS, BASES, AND pH
Acids and basesarecommonand importanttypes of compounds.Watersolutionsof
acidscontainan excessof hydrogenions (H’), while watersolutionsof basescontain
an excessofhydroxyl ions (0H). The presenceof excesshydrogenions givesall acids
certainpropertiesin common,while the presenceof excesshydroxyl ions gives all
basescertain propertiesin common.

The acidteor basicpropertyof a solution is measuredby pH, which is determined
by thehydrogenion concentrationof thesolution.The pH scalerunsfrom about0 to
about 14, with the strongestacids having the lowest pH and the strongestbases
havingthe highestpH. A pH of 7 indicatesaneutralsolution, in whichthenumberof
hydrogenions is equalto the numberof hydroxyl ions. Pure waterhasa pH oft. ,A
solutionwith a pH of 6 is slightly acidic, andone with a pH of 8 is slightly basic

18 1:3 SolutionsandSuspensions;Acids, Bases,
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~jPTER3, Activity 3, Solutions and Suspensions;
Acids, Bases,and Salts Page 2

NEUTRAL

0 1 2 3 4 6 6 7 8 9 10 11 12 13 14
4

ACIDIC BASIC
Strong weak weak strong

1. Identify each of the following as acidic, basic, or neutral. Indicate the relative strengthor
weaknessof eachacid and base.

Sodium hydroxide(pH = 13)

Concentratedsulfuric acid (pH = 1) _______________________

Sodium bicarbonate(pH = 8.2)

Concentratedhydrochloric acid (pH = 1.1) ____________________

Water (pH = 7)

Sodium carbonatekpH = 11.4) ______________________

N EUTR ALIZATIO N
.Veutralizationoccurs when an acid is mixed with a basein the correctamounts.
producinga neutralsolution. The hydrogenions of the acid reactwith the hvdroxyl
ions from the baseto form water,

H~’+OH H20

If the amountsof acid andbaseare correct, all the W ions reactwith all the OW
ions. Anotherproduct,calledasalt, is formed in this reaction.The negativeion of the
acid reactswith the positive ion from the base,producingthe new compound.

HCI + NaOH —‘ H20 + NaCI

1. Completethe following neutralizationreactions.

H25O4 + ____ KOH ________________

HNO3 + NaOH ________________

2. Why is purewaterneutral,despitethe fact thatsomeof thewatermoleculesdissociateinto ions?

a

S
0
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Chapter 3. Vocabulary Puzzle
4

HI ~I_[ II

Across

Down

I~I I —

17 11111111

I. Total numberof protonsandneutronsin an atom.
3. Force of attractionbetweenions in a chemicalcompound.
6. A compoundthat producesan excessof hydrogenions in water.
8. A compoundproducedby a neutralizationreaction.
9. Atoms that differ only by the numberof neutronsin their nuclei.

11. A compound that producesan excessof hydroxyl ions in water.
13. A combination of substancesthat are not chemically bonded.
14. An electrically neutral subatomicparticle.
15. An atom with an electriccharge.
16. A substancedissolvedin a solvent.
17. A positively chargedparticle found in the nucleusof every atom.

2. A substancethat changescolor when the pH changes.
3. The numberof protons in the nucleusof an atom.
4. A radioactiveisotope.
7. The reactionof aix acid and a base.

10, Two or more kinds of atomscombined in definite proportions.
12. A homogeneousmixture.

II 1111

I I10 11

f_11111

~lII_L
12

rJI 1:1:
I

~II I a.
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16 Chapter2. BasIcChemistry

3. Usingkey choices,selectthe appropriateresponsesto the following descriptive
statements.Insert theappropriateletteror term in the answerblanks.

KEY CHOICES:

A. Atom D. Energy G. Molecule I. Protons

B, Electrons E. Ion H. Neutrons 3. Valence

C. Element F. Matter

____________________ 1, An electricallychargedatom

____________________ 2. Anything that takesup spaceandhasmass(weight)

_____________________ 3 A unique,or basic,substancethatcannotbedecomposedor

brokendown by ordinarychemicalmeans

_____________________ 4. Negativelychargedparticles,forming part of an atom

_____________________ 5. Subatomicparticlesthatdeterminean atom’schemicalbehavior,.or

bondingability
____________________ 6. The ability to do work

_____________________ 7. Building block, or smallestparticle,of anelementalsubstance

_____________________ 8. Smallestparticleof asubstanceformedwhenatomscombine
chemically

_____________________ 9. Positivelychargedparticles, forming partof an atom

____________________ 10. Namegiven to the electronshellof an atomthatcontainsthe most

reactiveelectrons
_____________________ 11. _____________________ 12. Subatomicparticlesresponsiblefor

mostof anatom’smass

4. Insert thechemicalsymbol(the chemist’sshorthand)in theanswerblanksfor
eachof thefollowing elements.

1. Oxygen 7. Calcium

2. Carbon 8. Sodium

3. Potassium 9. Phosphorus

4. Iodine 10, Magnesium

5. Hydrogen 11. Chlorine

6. Nitrogen 12. hon
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6. Figure2-1 is a diagramof an atom.First selectdifferentcolors for eachof the
structureslistedbelow. Color in thecodingcirclesandcorrespondingstructures
on the figureandcompletethisexerciseby respondingto the questionsthat
follow, referringto theatom in this figure. Insertyour answersin thespaces
provided.

o Nucleus

4 Electrons — — —

— — \~

I, (‘G~‘~

----S
Figure2-1

1, What is theatomicnumberof thisatom? ____________________

2. What is its atomicmass?_____________________

3. Whatatom is this? ___________________

4. If this atomhadoneadditionalneutronbut theothersubatomicparticles
remainedthesameasshown,this slightly differentatom(of the sameelement)
would becalleda(n) -

5. Is this atomchemicallyactiveor inert? _______________________

5. Match the
Enter

e chemicalequationslisted in ColumnA.
in the answerblanks~

C.

6. How manyelectronswould beneededto fill its outer(valence)shell? __________
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‘P

II. Respond~Kthefollowing instn)atThnsrelatingto theequatio9’P‘P p• -~

// /f2CO3 H ÷ HCO~ ,/‘

‘ft ./ ‘P ‘P
‘P 1, In thespacepçl’d, list the chemicalfo,ç4tla(s)of compounds. ‘P

ft 2. In the spa~E~eprovided,list thechen~$€~iformula(s)of ions.

3C�fethe product(s)of thy~on ‘P P~

‘Pa’ Modify theequationb>4adinga coloredarrow/i the properplace twThdicatethat the
reactionis reversJ~V

Organic Chemistry

12. Usean Xto designatewhich of the following are organiccompounds.

______ Nucleicacids ______ Fats ______ Proteins

Oxygen _____ KCI _____ Glucose

13. Matchthe termsin ColumnB to the descriptionsprovidedin ColumnA. Enter
thecorrectletter(s)or term(s)in the answerblanks.

ColumnA ColumnB

____________________ 1. Building blocksof carbohydrates A. Amino acids

_____________________ 2. and 3. Building blocksof fats B. Carbohydrates

_____________________ 4. Building blocksof proteins C. Fats(lipids)

_____________________ 5. Building blocksof nucleicacids D. Fattyacids

____________________ 6. Cellular cytoplasmis primarily built from E. Glycerol
- this substance

F. Glycogen

____________________ 7. Themostimportantfuel sourcefor body
cells G. Nucleotides

____________________ 8. Not solublein water H, MonosaccharideE

____________________ 9. ContainsC, H, and0 in the ratio CHaG 1. Proteins

____________________ 10. ContainC, H, and0, but haverelatively
smallamountsof oxygen

____________________ 11. _____________________ 12. Building blocksthatcontainN in
addition to C, H, and0 (two answer
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14. Using key choices,correctlyselectall termsthatcorrespondto the following
descriptions.Insert the correct letter(s)or their correspondingterm(s)in the
answerblanks.

KEY CHOIC1~S:

A. Cholesterol

B. Collagen

C. DNA

D,

E.

F.

1.

2.

3.

4.

5,

6.

7,

S.

Enzyme 6. Hormones

Glycogen H. keratin

Hemoglobin I. Lactose

Example(s)of fibrous (structural)proteins

Example(s)of globular(functional) proteins

Biologic catalyst

Plantstoragecarbohydrate

Animal storagecarbohydrate

The “stuf?’ of the genes

A steroid

Doublesugars,or disaccharides

J. Maltose

K.RNA

L Starch

15. Five simplified diagramsof biologic moleculesaredepictedin Figure2-3. First,
identify the moleculesand insertthecorrectnamein theanswerblankson the
figure. Thenselecta differentcolor for eachmoleculelistedbelowanduseit to
color thecodingcirclesandthecorrespondingmoleculeon the illustration.

Fat (9 Nucleotide 0 Monosaccharide

Q Functionalprotein (9 Polysaccharide

C

0
II

0—p—a

E ________________

A B

Figure 2.3
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FIgure2-4~Two DNA strands(coiled)

1. Namethe bondsthathelp to holdthe two DNA strandstogether.

2, Namethe three-dimensionalshapeof theDNA molecule. _______

3. How manybase-pairsare presentin this segmentof a DNA model?

4. What is theterm thatmeans“base’pairing”?

DNA


