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Catalysts Another way to control the rate of a reacton is to
change the activation energy needed. A catalyst (AT uh ls)is
a material that increases the rate of  reaction by lovering the
activation energy. Although catalysts affect a reaction’s rate,
they are not permanently changed by  reacton. For this resson
catalysts are ot considered reactants.

Many chemical reactions happen at temperatures that
would kil living things.Yet, some o these reactions are neces-
sary for life. The cells n your body (asn al living things) con-
i biological catalysts called enzymes (EN zym2). Your body
has thousands of different enzymes. Each one is specific—it
affects only one chemical reaction.

‘As shown in Figure 16, enzymes provide a surface on which
seactions can take place. By bringing reactant molecules close
together, theenzyme lowers the actvation energy needed. In this
way,enzymes make chemical reactions that are necessry for fe
happen atalow emperature.

Inhibitors Sometimes  reaction is more usefulwhen it an be
Slowed down rather than speeded up. A material used to
decrease the rate of a reaction s an inibitor. Most inhibitors
work by preventing reactants from coming together. Usually
they combine with one of the reactants cither permanently or
temporarly. Inhibitors include preservatives added 1o food
productsto prevent them from becoming stle or spoiling.
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Can You Speed Up or Slow Down a Reaction?

1. Puton your safey gogales and ab apron.

2. ) Obtain three 125.mL soutionsofvitamin C and water—

one st room temperature, one ot about 75-C, and one

ehilled o between 5°C and 10°C

3. 7 Add 3 drops o odine soluton to each container and st
23 coch with a clean spoon. Compare changes you observe
inthesolutions.

4. Clean up your work area and wash your hands.

Tink it Over

Infering What conclsion can you make about the ffect o

temperature onthe reacion of odine and vitamin C?
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With a splintering crash,a bolt ofightning strikes  tre n the
forest. The lightning spltsthe ree and setsfir to the leaves on
the ground below it. The leaves ae dry and crisp from
drought. The crackling fire burns a black patch in the leaves.
‘The flames lesp to nearby dry twigs and branches on the
ground. Soon, the forest underbrush s blazing, and the barks
Of trees tart buening. Miles away in an observation tower, a
ranger spots the fre and calls in the larm—Forest irl”
Forest fres don't just happen. Many factors contribute to
them—lightning and drought to name just two. But, in gen-
eral, wood docs not always burn casily. et, once wood does
begin to burn, i gives off a seady
supply of heat and light. Why is it
s0 hard o start and maintain
Some chemicalreactions?

< Lghtning cansupply enough
enrgy 1o ignite 3 orest .
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Energy and Reactions

o understand why it can be hardtostart some chemical reac-
tions,lok at Figure 12. Therockat the to of the hill can fall
over e clif, relensing energy when it crashes ot the rock at
the botom. Yet i remans maionless untl s pushed over the
onall b

Activation Energy Every chemical reaction is like that
rock. A reaction wont begin uniilthe reactants have cnough
energy to push them “over the hump.” The energy is used to
break the chemical bonds of the reactants. Then, the atoms
begin to form the new chemical bonds of the products. The
activation energy is the minimum amount of energy needed
1o start a chemical reaction. All chemical reactions need a
certain amount of activation energy to get started.

Considr the eaction in which hydrogen and oxygen orn | )JSCOUBPY
water, This reacton gives off a arge amount of cnergy. Butif | T
st e o g e ey can e dhanged | Q3 Y
Tor years. For the reacton to sar,  tny amount of activaton

energy s needed—even just an electric spark. Once a few mol-
ecules of hydrogen and axygen react the rest will quickly follow o]
because the first few seactions provide activation cnergy for

‘more molecules to react. Overall, the reaction releases more Rttt
energy than it uses. Recall from Section | that this type ofreac- o Asesment

tionis described as exothermic.

Sl ) Mt tetncionof sspakin escicn
B2 bevmeen ydrogen oo an oxyGen 37




image3.png
Faune 13

Energy Changes in
Chemical Reactions

Both exothermic and endthermic
reacions need aneray 10 get
Started. Reading Graphs What
oesthe pesk i the curve i each
oraph represent?

Exothermic and Endothermic Reactions Bry cheni-
el rencion eed acivaion nery o et i, Whcer o
ot rescion s illmorecoey o e cnivonment s
e i depends o s i o endobermi

e rscons fllo h patcr you can st the
it digram i Figre 13 The ot line ks e cnegy of
e reacomsbfoe e ection begins.The pek i the g
hows thesctvation oer Notice it at b endof t e
Lo th prdces o e encrgy hn he resctas. T it
evenc ol n -l f he, The b o fc s s
ook s o o 1 g of o Setherm e
Vo People c ke e of he het it s 0 e
i homes ad cook ol

N ook ot he grph of an endthermic rsctin om the
ightof Fgue 13 Endthermic esctons ai eed sctvaion
ey o s, b adigom sy ecdenergy toheep
g Nt tho he ey of 1 produces s Hgher thn
that of the reactants. This difference tells you that the reaction
st abr ncry 1o contione

e o pacedbaing s i vinga i the Dicoer
actviy i St e thesmal ey sy prsnt i
o was o s she recion. e rescion ot
ey dr i ey o he s, i the slotin
e ctdn Bt mos endthermic escons s s o
o o of e 1 . For e, abog bred s
S0deT e ] he baimg procs i complecl.

s bt oo scion dothereacians v s

B Sy e it





image4.png
Rates of Chemical Reactions

Chemical reactions don't al occu a the same ate. Some, like
explosions, are very fast. Others, ike the rusting of metal, are
‘much slower. Also,  particular reaction can occur at diferent
rates depending on the conditons.

1 you want to make a chemical reaction happen faste, you
need to get mare reactant particks together more often and
with more cnergy. To slow down a eaction, you need to do the
opposit. Chemists can control ratesof reactions by changing
factors such as surface area, temperature, and concentration,
and by using substances called catalysts and inhibitors.

Surface Area Look at Figure 14, The wreckage used to be
grain clevator. It exploded when grain dust ignited in the sir
above the stored grain. Although the grain itself docsn't react
Violently in sir the grain dust can. This diference i related to
surface area. When a chunk of slid substance reacts with a ig-
uid or gas, only the particls on the surface of the solid come
into contact with the other reactant. But if you break the solid
into smaller pieces, more partices are exposed and the reac-
tion happens faster. Sometimes, speeding up a reaction this
way is dangerous. Other times, ncreasing surface area can be
useful. For exampl, chewing your food beaks it into smaller
picces tht your body can digest more easily and quickly:

400 sl activity g

Interpreting Data

1. Messure the length and
width of a ace of 3
gelatin cube.

2 Galculste the are of that
face o the cube.

Area = length x width

3. Repeat for cach of the
otherfive faces. Then add
the sx values to get the
totalsuface area.

4. Using a plastc knife, cut
the cube in ha. Add the
surface areas o the two
pieces o get a new tota.

5. How did the oiginal otal
surface area compare
withthe tota area after
the cube was cut?

6. Predic th total surface
area it you cut each cube
intwo again. I you have
ime, st your prediction.
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Temperature Another way to increase the rate of a reaction
i 10 increase its temperature. When you heat a substance, its
partcles move faster. Faster-moving particles increase the
reaction rate in two ways. Fist, the particles come in contact
‘mor often, which means there are more chances for a reaction
10 happen. Second, aster-moving particles have more energy.
“This increased energy causes more partiles of the reactants to
et over the activation energy “hurmp”

In contrast, reducing temperature dows down reaction
rates. For example, milk contains bacteria, which carry out
thousands of chemicl reactions as they live and reproduce. At
room temperature, those reactions happen faster and milk
spoils more quickly. You store milk and other foods in the
sefrigerator because kecping foods cold slows down those reac-
tons,so your foods stay fresh longer.

Concentration A third way to increase the ate of a chemi-
aal reaction i to increase the concentration of the reactants
Concentration i the amount of a substance in  given volume.
For example, adding a small spoonful of sugar to a glass of
lemonade will make it sweet. But adding a large spoonful of
sugar makes the lemonade sweeter. The glass with more sugar
hasa greater concentration of sugar molecules.

Increasing the concentration of reactants supplies more
pasticls to seact. Compare the two reactions of acid and mag-
nesium metal in Figure 15. The test tube on the left has a lower
concentration of acid. This reaction i slower than the one on
the right, where the acid concentration is higher. You see evi-
dence for the increased rate of reaction in the geeater amount
of gas bubbles produced.

Rudion | Why may an increasein temperature affect the
Gicekpoint) rate of a chemical reaction?





