
carbon bonds

Question

Name ________ __________________ ___________________ O~ass____________ Date ____________

ACTIVITY 2-2. ORGANIC CHEMISTRY
All organiccompoundscontaincarbon.Theouter shellof thecarbonatom
containsfour electrons.In organiccompounds,eachcarbonatom fills its
outer shell by sharing four pairs of electronswith other atoms.That is,
eachcarbonatom forms four covalentbonds.Someof thesebondsmay
form betweenone carbonatom and another,A frameworkof carbon-to-
carbonbonds forms the basic structurein most organiccompounds.A
carbonatom may be joined to anotheratom by a single bond, a double
bond, or a triple bond.

The following structural formulas show threedifferent compoundsof carbon and hydrogen.
Beloweachstructural formula, write theempirical formula for that compound.Label thedouble
and triple bonds in thesestructures.

HH HH

H~~?_?_H H—C=C—H

NH

OH

Carbohydratesare organic compoundscomposedof carbon,hydrogen,
and oxygen.The proportionof hydrogenatomsto oxygenatomsin car-
bohydratesis the sameas in water—two hydrogensto one oxygen.There
are three basictypesof carbohydrates—monosaccharides,disaccharides,
and polysaccharides.

Monosaccharides,or simple sugars,are the least complicatedcarbohy-
drates. In biology the three most common simple sugarsare glucose,
galactose,and fructose.Thesethreesugarsall havethe sameempirical
formula (C6H1205), but their atomsarearrangeddifferently (seebelow).

H

H — C — OH

C
1~

H

GALACTOSE

\OH__

H FRUCTOSE

H—C—OH

OH Hd’\OH ?/~C-OH

H —C C— H

Questions
1. In what way do glucoseand galactosediffer from eachother?Circle the partsof both com-

poundsthat showthis difference.

2, Another name for glucose is

3. The simplestpossibleformulathat illustratesthe proportionof elementsin monosaccharides

is

carbohydrates

mono-
saccharides

H GLUCOSE

— OH

25



dehydration
synthesis

and hydrolysis

Carbohydrates,proteins,and lipids are all synthesizedand brokendown
by the sametypesof reactions.In dehydrationsynthesis,a hydrogenatom
from one moleculejoins with a hydroxyl groupfrom anothermoleculeto
form water, leaving the two moleculesbondedto the sameoxygenatom.
For example,when two moleculesof glucosearejoined by dehydration
synthesis,theyform maltoseand water(seebelow).

In hydrolysis,complexorganicmoleculesarebrokendownby theaddi-
tion of thecomponentsof water— H4 and OH-. Both dehydrationsyn-
thesis and hydrolysis requirecertainconditions of pH and temperature
and the presenceofparticularenzymes.

H

H—C—OH

H

H—C—OH

H

Questions
1. In the spacebelow show the hydrolysis of maltose. (The reaction is the reverseof the

dehydrationsynthesisof maltose.)

2. What are the productsof the hydrolysisof maltose?

3. In what life processdoeshydrolysis occur?

C

If4
H—c—OH H—C—OH

c o C—O
H/I ~H H/I
I/H \i I H

C+ H20
~OH H/N/’\OH H/I
OH’\I ___ ___

cI I I I
H OH H OH

+Glucose + Glucose Maktoee Waler
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When two monosaccharidescombine, they form a disaccharide. A disac-
disaccharides charide can consist either of two moleculesof the same simple sugar

combinedor of two different simple sugars combined. Some common
disaccharidesare maltose,sucrose,and lactose.

Questions
I. Name the monosaccharides that make up the following disaccharides:

maltose:

sucrose:

lactose:

2. What is the empirical formula for maltose, sucrose, and lactose?

3. Why is the empirical formula not doublethat of the monosaccharides?

4. What are the commonnamesfor sucroseand lactose?

polysaccharides
and polymers

Questions

Themostcomplexcarbohydratesarethe polysaccharides,whicharemade
up of long chainsof glucoselikeunits. Starch,cellulose,and glycogenare
polysaccharides.Largemoleculesmadeup of chainsof repeatingunits are
calledpolymers.Polysaccharides,suchasthe onesmentionedabove,are
polymers.

I. What substanceis the repeatingunit that makesup starch,cellulose,and glycogen?

2. Starch,cellulose,and glycogenare all madeup of the samerepeatingunit. In what way do
thesethreesubstancesdiffer from one another?

3. Nameanothertypeofcompound(besidepolysaccharides)that fits thedefinition ofa polymer.

ii ids Lipids areagroupoforganiccompoundsthat include fats,oils, waxes,and
relatedsubstances.Lipids arecomposedof carbon, hydrogen,and oxy-
gen;butthere is no definite ratio ofhydrogento oxygenatomsin lipids as
thereis in carbohydrates.Simple lipids, which arethe mostcommontype,
are madeup of three fatty acid moleculesand one glycerol molecule.
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r
Questions
1. Label eachof the componentsin the equationbelow. What type of reactionis shown in the

equation?
H H 0

I r———’~ Ii U
H— C—tpH }j~,O—C — C15H31 H—C—O—C— C15H31I 0 0H
H—C—L0H+I~O_C — C15H31 H—C—0—C—C15H31 + 3H20

0 jo
II ii

H—C--419HE~O— C — C,5H31
H H

2. What type of compoundis glycerol?

3. Write the empirical formula for fatty acids.

4. What is the differencebetweena saturatedand an unsaturatedfatty acid?

rot Ins Proteinsare the most abundanttype of organiccompoundin cells.They
P e are made up of many amino acid moleculesbondedtogether. Proteins,

which may be very largeand complex,play a wide variety of roles in the
cell. Somearestructural,othersarehormones,neurohumors,enzymes,or
pigments.

Amino acids are madeup of carbon,hydrogen,oxygen, and nitrogen;
somealso contain sulfur. Amino acids arebonded togetherto form pro-
teins by dehydrationsynthesis.The type of bond formedbetweenamino
acids is called a peptide bond. It involves a carboxyl group from one
moleculeand an amino groupfrom the other,

Questions
I. Name threefoods that are high in protein.

2. Below is the generalformula for an amino acid. Circle the amino group and the carboxyl
group.

H R o
//

/N?C\
H H OH

3. Usingthegeneralformulafor aminoacids,in the spacebelowshowtheformationof a peptide
bond.
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Class ____________ Date ____________

4. What doesthe R representin the generalformula for amino acids?

5. If the R is a hydrogenatom, what armnoacid is formed?

6. If the R is a methyl group(CH3), what amino acid is formed?

enzymes

Questions

Enzymesare proteinsthat act ascatalysts in living cells. A catalystin-
creasestherateofa chemicalreaction,allowing it to proceedrapidly when
it would otherwiseoccuronly very slowly. Enzymesare highly specific in
theircatalytic activity. The specificityof enzymeaction is the resultof a
“lock-and-key” arrangementin which the enzymeand the substanceit
reactswith (thesubstrate)join togetherto form anenzyme-substratecom-
plex. When the reactionis completed,the enzymeand the newly formed
reactionproductsseparate,leavingthe enzymeunchanged.Enzymesare
highly efficient catalysts,andonly small quantitiesareneededto catalyze
thereactionof relatively largeamountsof materials.Eachenzymehasan
optimum range of temperatureand pH at which it operatesmost effi-
ciently.

I. Is an enzyme“used up” by the reactionit catalyzes?Explain.

2. In what way doesan enzymeaffect the
this effect?

reactionit catalyzes?How does the enzyme produce

5. The substancewith which anenzymereactsis its

6. Could life aswe know it existwithout enzymes?Explain.

‘hey
tins,
the

5, or I
11

gen;
pro-
mo
one

3. What is meantby enzymespecificity?

de

4. Whatis theactivesite of an enzyme?
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Enzyme concentration

CE
o >.
coc

/

Substrate concentration

Questions7-JO are basedon the graphsabove.

7. Accordingto graphA. at what temperatureis enzymeactivity thegreatest?

8. Accordingto graphB, what is the optimumpHfor pepsin?As pH increasesabovethat point,
what happensto enzymeactivity?

9. According to graphC, how doesincreasingenzymeconcentrationaffect the rateof enzyme
action whenthe substrateconcentrationremainsconstant?

10. Accordingto graphD, how doesincreasingsubstrateconcentrationaffect therateof enzyme
action whenenzymeconcentrationremainsconstant?

nucleic acids

Questions

Thereare two types of nucleic acids found in living organisms—DNA
(deoxyribonucleicacid) and RNA (ribonucleic acid). Both are giant
moleculesof high molecularweight, consistingof a seriesof nucleotide
units bondedtogether.Eachnucleotideconsistsof a five-carbon sugar
bonded to a nitrogen base and a phosphategroup. DNA containsthe
hereditaryinformation, while RNA functionsin proteinsynthesis.

1. What are the three basic components of the nucleotides that make up nucleic acids?

2. Whereis DNA found in the cell?

3. Describethe basicfunctionsof DNA.

4, Describethe basicfunctionsof RNA.

.4
C•1 Temperature(°C) pH.4

C
0

C”
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Name_ CIa._________ Oat._________

REVIEW EXERCISES: UNIT 2

A. Using the vocabularytermsin thefollowing list, fill in the blanks in the statementsbelow.

atom hydrolysis pH
atomicnumber ionic bonding polymer
carbohydrate isotope polysaccharide
colloid lipid protein
compound massnumber proton
covalentbonding mixture radioactivedecay
dehydrationsynthesis monosaccharide radioactivity
disaccharide neutron solution
electron nucleic acid suspension
element nucleus

I. A materialwith definite propertiesanddefinite chemicalcompositionis a

2. A substancethat cannotbe brokendown into othersubstancesby ordinary chemicalmeans

is a(n)

3. A substanceformed by the chemicalcombinationof two or more elementsis a(n)

4. The basicunit of stmctureof all elementsis the

5. Atoms are made up of three types of particles:

,and

6. The densecentralportion of the atom is the

7. The numberof protons in the nucleusof its atomsis the

of an element.
8. The numberof protons plus the numberof neutronsin the nucleusof an atom is its

9. Different varietiesof the sameelement having differentnumbersof neutronsin theirnuclei

are called_________________________

10. The breakdownof an unstableisotopeto an isotopeof anotherelementwith the releaseof

radiation is called__________________________________

or -

11. Chemicalbondingin which thereis a transferof electronsfrom one atom to anotheris

12. Chemicalbonding in which thereis a sharingof electronsbetweenatomsis
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13. Measurementof the hydrogenion concentrationof a solution may be given in terms of

14. A purely physical association of substances is a _____________________________

15. Three types of mixturesare _____________________________

,and

16. The four most important typesof organiccompoundsfound in living cells are

and _________________________

17. Glucoseis a ___________________________________maltose is a

and starchis a _________________________________

18. Thetype of reactionby which proteinsaresynthesizedis ___________________________

19. The type of reactionby which carbohydratesarebrokendown is

20. Large moleculesmadeup of chainsof repeatingunits are ___________________________

B. Placethe letter of the definition in the spaceto the left of the term it defines.

______ 1. amino acids A. Type of reactionby which complexmoleculesare

_______ 2. enzymes synthesizedfrom simple molecules.
B. A substancecomposedof similar repeatingunits.

_______ 3. nucleicacids
- C. Proteinsthat act as organiccatalysts.

_______ 4. unsaturatedfat D. Digestionis accomplishedby this typeof reaction.

______ 5. amino group E. COOH

______ 6. hydrolysis F. RNA and DNA

_______ 7. carboxylgroup G. Alcohol found in lipids.

_______ 8. dehydrationsynthesis H. Units of which proteinsarecomposed.

_______ 9. glycerol I. A lipid containingcarbonatomswith doublebonds
betweenthem.10. polymer

.3, iNn
2

C. In theanswerspacefor eachquestion,write the letter of thechoicethat bestcompletesthe
statement.

1. The unit of structureof all elementsis the (a) neutron (b) atom (c) proton (d)

electron -

2. The massnumberof an atom is (a) the numberof protons in the nucleus (b) the

numberof neutronsin the nucleus (c) the numberof protons plus the numberof

neutronsin the nucleus (d) the numberof electronsin the nucleus

_______ 3. Isotopesofthe sameelementdiffer from oneanotherin the (a) numberof protonsin

the nucleus (b) numberof neutrons in the nucleus (c) numberof electrons (d)

locationof electrons
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____ ________________________________________ Ct..._________ Date_________
-

base -

— 7. Organic compoundsalways contain (a) oxygen (b) proteins (c) nitrogen (d)

carbon -

8. Carbohydratesare composedof (a) carbon, nitrogen,and oxygen (b) nitrogen,

oxygen,and hydrogen(c) carbon,hydrogen, and oxygen(d) sulfur, nitrogen, and

carbon

____ 9. Glucose and fructose are both (a) monosaccharides (b) disaccharides (c)

polysaccharides(d) starches

_____ 10. Maltose and sucrose are both (a) monosaccharides (b) disaccharides (c)

polysaccharides(d) starches

______ 11. Monosaccharidesjoin to form disaccharidesby (a) hydrolysis (b) hydration (c)

dehydrationsynthesis (d) dehydrolysis

______ 12. Disaccharidesarebrokendown into their componentmonosaccharidesby (a) hy-

drolysis (b) hydration (c) dehydrationsynthesis (d) dehydrolysis

_______ 13. Celluloseand glycogenare (a) proteins (b) fatty acids (c) polysaccharides(d)

disaccharides

_______ 14. Simple lipids consistof (a) threefatty acid moleculesand one glycerol (b) fatty

acidsonly (c) glycerol only (d) amino acids

Thebondsbetweenamino acidsin proteinsare (a) peptidebonds (b) unsaturated

(c) hydrolytic (d) carboxylic

Enzymesare (a) carbohydrates (b) lipids (c) proteins (d) hormones

Enzymes (a) decreasereactionrates (b) increasereactionrates (c) are involved

only in synthetic reactions (d) are involved only in hydrolytic reactions
Nucleic acids are composedof (a) a nitrogenbase, five-carbonsugar, and phos-

phate (b) a nitrogen base,six-carbonsugar,and phosphategroup (c) a nitrogen

base,five-carbonsugar,and carboxylgroup (d) a nitrogenbase,phosphategroup,

and glucose
—.........._19. DNA (a) is thesiteof proteinsynthesis (b) containsthehereditaryinformation (c)

is found only in the cytoplasm (d) is found only in animal cells

-‘—--_....20, RNA is involved in (a) lipid synthesis (b) carbohydFatesynthesis (c) proteinsyn-

thesis (d) DNA synthesis

. 4. Chemicalbonds in which electronsaresharedbetweenatomsare called (a) ionic

(b) covalent(c) divalent (d) electronic

5. Chemicalbondsin whichthereis a transferofelectronsfrom oneatomto anotherare

called (a) ionic (b) covalent (c) divalent (d) electronic

6. A pH of 7 indicatesa (a) strongacid (b) strongbase (c) neutralsolution (d) weak

are
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PUZZLE: UNIT 2

Across

3.
8.
9.

11.
12.
15.
16.
17.
19.

Numberof protonsin nucleusis ________ number.
Glucoseis a simple
Proteins are made up of acids.
Positively chargedparticlesfound in nucleus.
Substancethat cannotbe brokendown by ordinarychemical reactions.
Type of chemicalbond in which electronsare shared.
Number of protons plus neutrons in nucleus is _________ number.
Substancesformed by chemicalcombinationof two or moreelements.
Type of reactionby which proteinsand carbohydratesare brokendown.
Negativelychargedparticlesfound outsidenucleus.

Down
2.
4. __________

5.
6.
7.

10. _________

11.
13.
14.
18.

Elementthat rusts.
Substance with pH of 2 is strong
Substance made up of three fatty acid molecules and one glycerol molecule.
Homogeneousmixturesof two or more substancesthat do not settleon standing.
Substancesin which particleslarger thanthoseof solutionsaredispersedwithin a medium.
NaCI is commontable
Proteinsthat act ascatalystswithin cells.
Basic unitsof structureof elements.
Type of bond in which thereis a transferof electrons.
Atom or groupof atomswith electricalcharge.
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