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12-1 Apply

Exothermic vs. Endothermic Changes

Cheryl was asked to classify some chemical reactions as either endothermic or exothermic. She
added 5.0 g of five different solids to 20 mL of water and monitored the temperature change until
all of the solid had dissolved. The results of the experiment are shown in the table below.

Solid Beginning water Final water Change in water
temperature ('C) temperature ("C) temperature ("C)
NH,NO, 25.4 22.1 -3.3
CaCl, 25.4 28.9 : +3.5
LiCl 254 ' 23.9 -1.5
NaCl 25.4 251 —0.3
NaOH 25.4 295 44
Questionsw

1. List the solids that underwent exothermic reactions in solution and those that underwent
endothermic reactions,

A Visk 0F pynsse | |
Excthermic = (nm , NaOH Q
Endathermic = N Lln\\)(% LiCL NaCl

2. How could you determine which solid releases the greatest amount of heat per mole'P

@ﬂ Pad\ Salo? d:sg’ol mg in O 1deﬂ+ml amaunt oﬁ rmdrer\

3. The equation for NaOH dissolving in water is NaOH(s) » Na'*(ag) + OH (ag). Rewrite this
equation to include the word “energy” in its appropriate location.

NaQW ey — \\10.‘ (C\Cﬂ t OH mn) 4 ém{uou (/’\Iff?f?‘)

4. Explain what happens to the energy that ”d1sappears from the water in an endothermic
reactlon

Th Wl@m y s obsoehed by Yo reoctants aud becomes
Stored. in H\Q Chomical ]oomﬂa ol 4 nmﬁllxui‘

- Loey
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The Cold Facts About Hot and Cold Packs

Have you ever needed to soothe a strained back
with a hot pad or reduce a swelling with a cold
pack? These easy-to-use hot and cold packs
contain chericals that undergo exothermic or
endothermic reactions. Exactly how these
reactions produce their healing effects is easy to
explain chemically.

Most chemical reactions give off heat.
Consider, for example, the burning of a match.
The chemicals on the head of the match store
energy in their chemical bonds. When you
strike the match, the original chemical bonds
are broken and new bonds are formed,
releasing the stored energy as heat. This is an
example of an exothermic reaction that occurs
very rapidly. Hot packs involve exothermic
reactions that occur more slowly and at lower
temperatures. Hot packs are designed to allow
a controlled reaction to occur on demand.

A hot pack has an outer plastic covering and
an inner paper bag with small pores or holes.
In some packs, the paper bag contains a
mixture of powdered iron, table salt, activated
charcoal, and sawdust. These ingredients have
been slightly moistened with water. When
oxygen is added, a chemical reaction occurs.-
The user supplies the oxygen when he or she
removes the plastic covering and shakes the
bag. When oxygen comes in contact with the
powdered iron, the powdered iron begins to
rust, or oxidize, very rapidly. As you probably
know, iron usually rusts more slowly, for
example, when a hammer is left out in the rain.

and noticeable heat. The exothermic reaction
releases heat, which can then be absorbed by
your sore back.

Cold packs, on the other hand, are designed
to make use of an endothermic chemical
reaction to produce a low temperature. One
type of cold pack consists of two sealed bags,
one inside the other. The outer bag is made of
a thick plastic and contains ammonium
nitrate, a white powdered salt. The inner
plastic bag is much thinner and contains
water. A firm blow to the cold pack will break
the inner bag and release the water. The
ammonium salt then dissolves in the water
and the resulting solution becomes very cold.
The endothermic reaction must absorb energy
from the environment. A cold pack placed on
your skin will absorb thermal energy from
your skin, making your skin feel cooler.

Chemical hot and cold packs can be used to
provide quick and effective first-aid treatment.
The reactions, however, are only temporary
and the packs cannot be used again.

Critical Thinking

1. Both the hot pack and cold pack require
the user to input energy to begin the initial
reaction. How is this energy provided in
each case? (Making comparisons)

2. Explain why a cold pack becomes colder
as it absorbs heat from your skin.

In a hot pack, however, oxygen and iron mix (Applying concepts) .
very quickly, resulting in very répid r:ztn;tjuL (\oﬂwww 0 '2 J/fu’t b,‘? Q,MA b--?gi l/k/ Hoa v,
& . j Vo Con o .
| g\\(x\i‘m Y hod sk Cwiidyy Ovqgen 10 My Wi A initiat s H T

v L ( FhdD ) LA
i, mixed Ha s g Ao and allows Ha

Hithing ™ s (old pack hraks Lo 44
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temparatune.
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12-1 Review and Reinforcement

Chemical Reactions That Involve Heat

On the line at the left, write the letter of the definition that best matches each term.

C 1. heat a. reactions that release heat
{ ﬂ 2. thermochemistry b. the Sl unit of energy and heat
(A 3. exothermic reactions c. the energy that is transferred from one object
(\ : to another .
4. endothermic reactions d. the study of the changes in heat in chemical
reactions
b 5. joule ' e. example of an exothermic reaction
Q 6. ’combustion ' f. reactions that absorb heat

If the statement is true, write “true.” If it is false, change the underlined word or words fo make the
staternent true. Write your answer on the line provided.

v 7. ltis energy that maintains your body temperature close to 37°C.

"

it 8. Bond breaking in chemical reactions releases energy.

efent € 9. Heat is transferred between two objects that are at the same
temperature.

10. An exothermic reaction absorbs heat from the environment. 4

i

e 11. All combustion reactions are exothermic., .
Lo it 12. If a reaction is endothermic, the amount of heat appears on the
! right side of the arrow in the balanced equation.
’TI" AL 13. Energy can be stored in the chemical bonds of a substance.

Answer each of the following questions in the space provided.

14. Provide two examples from daily life that demonstrate how heat is transferred from one object

to another. .
fosbilivies @ 2 hm ¥€0\ wa/\m”\a Q Spmm! (¢ _Matkes
houads Leod cold log bmmng Woams e coom.
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12-1 Review and Reinforcement (continued)

15. Why is the joule, the ST unit of energy, also the appropriate unit for measuring heat?

leax QAL Om orgsy Qe nodatert. Cnergy (o
b() %-mmsCeA 9(9 JAA I Q??MA af hoaf

16. Provide an analogy that explains why bond breaking requires energy.

Yossib\w amalogy ¢ Pal Royer

Kedl Rover

17. When ammonium chloride dissolves in a beaker of water, the beaker becomes cold to the touch.
Explain this phenomenon.

Endothoame . Hent \% obsorod Lrom M boab of bc/
s naackunsd |, pud iis haad Hauden causes Mu Jounp ol

e booded 1o Arop.
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| , 12-2 Review and Reinforcement
o S

Heat and Enthalpy Changes

Complete each of the following sentences by filling in the appropriate word or phrase from the list

below.
less . endothermic change
moles exothermic pressure
! energy standard enthalpy change enthalpy

1. The heat absorbed or released in a reaction depends on a quantity called JQMMKUQID »,/ .
9y

The enthalpy of a substance is similar to, but not exactly the same as, the ,‘U”"@f
of a substance.

The symbol AH literally means a __( Al A/{gl/e in enthalpy.
The AH for a(n) H il reaction always has a positive sign.
will always be ___ (044 than H_, . e

Conditions such as temperature, [21\_2@ Al , and the physical states of the
substances in a reaction can affect AH.

N

T

In an exothermic reaction, Hy, o416

o\ koW

7. The enthalpy change measured at 1 atm and 25°C, when the reactants and products are in
their standard states, is called a St O

You must know the number of ¢ 9( S of reactants involved in a reaction
to calculate AH.

el
w

j Answer each of the following questions in the space provided.

9. How is the enthalpy of a substance related to the energy of a substance?

The enthalipy ol o substewmce is J4S onergy plua & Srag [ Foda
hwu:m e OQ@ Wit b Wu& a1l aﬁ M s ubitasee .

— Cé‘r WOF/C)
& DA<k

10. If you were given AH® of a reaction, could you determine whether the reaction was
exothermic or endothermic? Explain your answer.

\’f&’) a (+) DH® weudd indjaus e €adoibeunic Han
WW»@ O (=Y NHO woudd ndlirger o Lapibayiie iin
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-12-2 Review and Reinforcement (continued)

11. Compare the enthalpy of the reactants and the products in both exothermic and endothermic
reactions.

T, oushalpy pl e producks is lowel Hau HAat of o
A D n a Cxobhoumi'C Tyn, TThe 2nvhal Py oL Vo

Wdﬁ@*'s 1S crnpaky: o (ot of Ha nepeiendd in cun eudodhon e

AN

12. What is meant by the standard state of an element?

T he (S‘J/,Z/mdﬂwq Sl 1S e most Sty le ﬂ()l/ﬂt o F au
olowess it Saudetd  Qonili+HonS

Solve each of the following problems as directed. Show all your work.

13. Calculate the amount of heat released by the combustion of 1.75 mol of benzene (C.Hy)-

| 2CH 4150, 12C0, 1 6H0  AH'= 980
J\\‘:FSM()( C H Fi%{ﬁ é‘_j B v I ~
)zl 85.¥5 3

14. How much heat is transferred when 1000 g of calcium oxide (CaQ) reacts with carbon
according to the equation below? Is this reaction endothermic or exothermic?

CaO + 3C ~ CaC, + CO AH® = +464.8 K]

| '99-_(? Cc@) )t = 530

15._Ammonium dichromate decomposes in a vigorous reaction when it is heated. Calculate the
heat transferred for the decomposition of 53.0 g of ammonium dichromate according to the
following equation. o

| (NH,), Cr,0, = N, + 41,0 + Cr,0; AH"=-315K]
Sa.oq(wuﬂ?c,,o‘)h [ \mol B8 k3N w =(. S €5
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