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With 2 splintering crash, a bolt of lightning strikes a tre
forest. The lightning splits the tree and sets fire to the e
the ground below it. The leaves are dry and cris
drought. The crackling fire burns a black patch in the
The flames leap to nearby dry twigs and branches
ground. Soon, the forest underbrush is blazing, and th
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Activation Energy Byer ,
rock. A reaction won’t b egi}; lcl}rllet?lnt(}:lai reaction is like that
energy to push them “over the hump ”r;E}lICtants have enough
preak the chemical bonds of the rea;ltant: eTn}ifrgy is used to
begin to form the new chemical bonds of .the o (tihe atoms
Jctivation energy is the minimum amount of fr::r ucts. Ehe
10 start a chemical reaction. All chemical reactioi}; I;;i; C;

certain amount of activation energy to get started.

Consider the reaction in which hydrogen and oxygen form |

a large amount of energy. But if

you just mix the two gases together, they can remain unchanged
for years. For the reaction to start, a tiny amount of activation
energy is needed—even just an electric spark. Once a few mol-
ecules of hydrogen and oxygen react, the rest will quickly follow
because the first few reactions provide activat
?:12? molecw.ales to react. Overall, t
fon iyéhan ituses. Recall from Section
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FIGURE 13
Energy Changes in

Chemical Reactions
Both exothermic and endothermic

reactions need energy to get

started. R C What
does the peak in the curve in each

graph represent?
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) ray to ';:ci started. But, 1n addition, they need .eneljgy to ke
o Notice that the energy of the products 1s higher t,.
This difference tells you that the reactj,.
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going
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must absorb energy to continue. . .
When you placed baking coda in vinegar in the Discoy.

/ he thermal energy already present in t.

solution was enough to start the reaction. The r.eaction conti.
ued by drawing energy from the solution, making the soluti:

feel colder. But most endothermic reactions require a continy.

activity in Section I, t

ous source of heat to occur. For example, baking bread requir:

added heat until the baking process is completed.
In what type of reaction do the reactants P%ave fess
energy than the products?

]
A"\ |
{__“‘-—Activation‘ - . Activation
energy | 3 energy |
\ ; >
3 | 3
7] S R VS P 7]
g [T T ot f j c
L Heat =3 |
released | |
1 J | |
i P ] o | R 4\77 T ;(»7‘_’4/7 |
‘ ! | 5
Reactants - Products Reactants Products
Time Time
/\\




aAC '
“'v-tf()ng
) C, hke
. 2 Of gy i
1 1
ns . W differes
% n
tar 8 SO Koy {
: - OOt | ik ISt ' vou
- : W AOw T -~ SHCT Mo
\ S i C Oten
1sts can ‘Ldllion, 'fen-and

e}

.- Vou need t

: . : ¢ to dot
a

- ctmncb\'changing

o . ant:i COncentration,

sts and Inhibitors.

COntrol r ,;l -
- ates o

» face area, temperat
bstances called Catalyv
14. The wreck

ren ) €D grain dust j
<d grain, ~Jinough the or

5 + dust can. Th

48¢ used to be 3
1stignited in the air
: al‘IlltSGlf doesn't react
- lbs difference is related to
il the:lsluignce reacts wi.th a lig-

o ce ot the solid come

her re it
actant. But if vou break the solid

Dieces, Mmore parti
e \_\hmePt’_aTUCles are exposed and the reac-
ADLC L. DOITIE .
s lmes, speeding up a reaction this
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-rampie, chewing your food breaks it into smaller
-our body can digest more easily and quickly.

ihe

Area length - width

3. Repeat for each nt the
other five faces Ther Yals
the six values to get the
total surface area

4. Using a plastic knife, cut
the cube in half Add the
surface areas of the two
pieces to get a new total

5. How did the original total
surface area compare
with the total area after
the cube was cut?

6. Predict the total surface
area if you cut each cube |
in two again. If you have
time, test your prediction.

FIGURE 14 .
Surface Area and Reaction Rate

Grain dust reacts explos:wely Wl'th

oxygen. Minimizing grain dustina
grain elevator can help preventan
accident like the one shown here.
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FIGURE 15
Concentration and Reaction Rate

Bubbles of hydrogren gas form
when magnesium reacts with acid.
Relating Cause and Effect What
makes the reaction faster in the
test tube on the right?

Temperate Another way 1o Increase II]L:, ra,lc of a Feag I
15 10 ‘,ilu reasc its temperature. \VII"_” y””,h.k"u] d S-UbstanCe,:‘
partic les move faster. Faster-moving pjn‘llc -Ls lnc.reaSQ |
Feaction rate in two ways. First, the particles u)n;e n C()n@
more olten, which means there are n]()l.(‘ '(;h;mus Tl Teac ir’
second, faster- moving particles have more e“er,y

1ses more part icles of the rCaCtant;

G upeen
v ingre

to happen. |
This increased energy cat )
gel over the activation encrgy
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In contrast, reducing temperature 5t
ains bacter!

“hump.”
slows down e
i 1 rcaqit

rates. For example, milk cont £1a; which carry
thousands of chemical reactions as they live and Feproduyg |
room temperature, those reactim.ls happenhfast;:r anq i
spoils more (Jlliddy. You store milk and Otder 00ds ip t
refrigerator because keeping foods cold slows down those ey
tions, so your foods stay fresh longer.

Concentration A third way to increase the rate of a chep,
cal reaction is to increase the concentration of the reactap
Concentration is the amount of a substance 1n a given volyp,
For example, adding a small spoonful of sugar to a gla i
lemonade will make it sweet. But adding a large spoonfy]
sugar makes the lemonade sweeter. The glass with more sug,

has a greater concentration of sugar molecules.
Increasing the concentration of reactants supplies my

particles to react. Compare the two reactions of acid and may
nesium metal in Figure 15. The test tube on the left has a oy,
concentration of acid. This reaction is slower than the one
the right, where the acid concentration is higher. You see evi
dence for the increased rate of reaction in the greater amou;

of gas bubbles produced.

g ) Why may an increase in temperature affect the
0L/ rate of a chemical reaction?
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After a reaction, an enzyme
molecule is unchanged,

et Reading Skill Relating Cause and Effect Use the
sation e your graphic organizer about speeding up
sl reactions to help you answer Question 2 below.
qviewing Key Concepts
i Detining What is activation energy?
o Ucscnbing What role does activation energy play in
diennical reactions? '
WMaking Generalizations Look at the diagram in
Lipure 13, and make a gcncralization :ab()ut activation
aerpy in exothermic and endothermic rca_ctll()n's.
entifying What are four ways that chemists can
antrol the rates of chemical reactions? i
fpplying Concepts Which would react morca(llllléquz’l
i chemical reaction: a single sugar cube of
s of sugar crystals? [xplain.
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Comparing Reaction Rates Place
an iron nail in a plastic cup. Ada
enough water to almost cover the
nail. Place a small piece of fine
steel wool in another cup and add
the same amount of water. Ask
family members to predict what
will happen overnight. The next
day, examine the nail and steel
wool. Compare the amount of rust
on each. Were your family's
predictions correct? Explain how

: tion rates. |
surface areas affect reactio \
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