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Work




Energy Transformatio

#=)° Heat, g, - energy that
transfers from one object to
another because of a e
temperature difference

Flows from warmer to
cooler




Energy Transforma z; S
- Thermochemistry - study‘of”/, N
energy changes that occur
during chemical reactions and =
changes In state.

* Energy stored in the chemical
bonds of a substance is called
chemical potential energy.



Exothermic and '
Endothermic Process -

» System - part of the universe @
which you focus your attention

- Surroundings - everything else in the
universe.
- Law of conservation of energy - in any

chemical or physical process, energy is
neither created nor destroyed.




@ An -
endothermic
process Is
one that
absorbs heat
from the
surroundings.




Endothermic Reaction!

T

£ absorbed

l Acts

Reaction progress —pm

Reactants

2A1,03 + energy —> 4Al + 30,



exothermic
process Is
one that
releases heat
to Its
surroundings.



Products

Reaction progress —

2H>()) + Oz(]) > 2H20(g) + energy




Recognizing Exothermic and Endothermic Processes
On a sunny winter day, the snow on a rooftop begins to melt. As the melt-

water drips from the rootf, it refreezes into icicles. Describe the direction of
heat flow as the water freezes. Is this process endothermic or exothermic?




for Conceptual
Problem 17.1

1. A container of melted paratfin wax is allowed to
stand at room temperature until the wax solidi-
fies. What is the direction of heat tlow as the

liquid wax solidifies? Is the process exothermic
or endothermic?




Units for Measurmg
Heat Flow

Heat flow is measured in two
common units, the calorie and
the joule (1 calorie = 4.184 J)

The energy in food is usually
expressed in Calories.

1 Calorie = 1 kilocalorie = 1000 calories




calorie-joule
conversions

* 1) 60.1 cal to joules
» 2) 34.8 cal to joules
» 3)47.3 J to cal
* 4) 28.4 J to cal




Heat Capacity and
Specific Heat

The amount of heat ne&dé
increase the temperature of _
an object exactly 1°C is the
heat capacity of that object.

Depends on mass and
chemical composition




Heat Capacity and @\

Specific Heat Z: /j R
» Specific heat - amount of heat

it takes to raise the temperature *
of 1 g of the substance 1°C.

heat (joules or calories)

- m X AT  mass(g) X change in temperature (°C)



Sample Problem 1 7 S
Calculating the Specific Heat of a Metal

The temperature of a 95.4-g piece of copper increases from 25.0°C to
48.0°C when the copper absorbs 849 J of heat. What is the specific heat
of copper?




for Sample Problem

4. How much heat is required to
raise the tempemt ure of 250.0 g

of mercury 52°C?

The specific heat of
mercury is 0.14 J/gC.



Practice

* 1) A sample of aluminum
requires 3.1 J of energy to
change its temp from 19°C to
37°C. What is the mass? The
specific heat of aluminum is
0.90 J/g°C.



plece of wood iIs burned has I:leen
stored in the wood as

a) sunlight.

b) heat.
c) calories.

d) chemical potential energy.




about heat Is false?
a) Heat is the same as temperaturé.

b) Heat always flows from warmeF
objects to cooler objects.

c) Adding heat can cause an
increase in the temperature of an
object.

d) Heat cannot be specifically
detected by senses or instruments.




N
spaces: In an endothermic’ process;

17.1 Section Quiz. @ —
the system heat when
heat is its surroundingss

“~Z/ 4 ‘ \ \
3. Choose the correct words 197/ '§‘
/ /
so the surroundings

a) gains, absorbed from, cool down.
b) loses, released to, heat up.

C) gains, absorbed from, heat up.

d) loses, released to, cool down.




below can be used to convert
between the two units used to=
measure heat transfer?

a)1g=1C
b) 1 cal = 4.184 J
c)1'C =1 cal

d)1g=4.184J



materials have equal mass, the one that
becomes hotter from a given amount of
heat Is the one that

a) has the higher specific heat capacity.
b) has the higher molecular mass.

c) has the lower specific heat capacit)k
d) has the higher density.




17.2 Mea

Express g E
Changes -




Calorimetry

The heat content of a
system at constant pressure
Is called the enthalpy (H) of
the system.



Thermochemical
Equations

A chemical equation that
includes the enthalpy .
change is called a
thermochemical equation.

CaO(s) + H,O(l) ——> Ca(OH)»(s) + 65.2 k]




Thermochemical
Equations

- The heat of reaction is the' *
enthalpy change for the
chemical equation exactly as it
Is written. If AH is negative, the
reaction is exotherm: if it is
positive the reaction is
endothermic.

CaO(s) + H,O(l) ——> Ca(OH),(s) AH = —65.2Kk]J




Using the Heat of Reaction to Calculate Enthalpy Change

Jsing the thermochemical equation in Figure 17.7b on page 515, cal-
culate the amount of heat (in kJ) required to decompose 2.24 mo

2 NaHCO3; — Na,CO3; + H,O + CO»
AH =129 kJ



Practice

» The reaction for heat packs to treat

sports injury Is: -
* 4Fe + 307, — 2Fe2 03 AH = -1652
kJ

« How much heat is released when
1.00 g of Fe is reacted?



s N
—Ca(OH)2(s), A H=-65.2 kd. This
means that 65.2 kd of heat is -

during the process.

a) absorbed
b) destroyed
c) changed to mass
d) released




325 g of water if its temperature
changes from 17.0°C to 43.5°C%
The specific heat of water is 4.18
J/g°C.

a) 2.00 kJ

b) 3.60 kJ

c) 36.0 kJ
d) 360 kJ




17.2 Section Quiz. C\\

-+ 3. Oxygen is necessary for releasie rff §

N

s\
from glucose in organisms. How many \‘}‘
heat are produced when 2.24 mol glucose
reacts with an excess of oxygen?

CeH1206(s) + 602(g) - 6C02(g) +
6H2O(g) + 2808 kd/mol

a) 4.66 kJ
b) 9.31 kJ
c) 1048 kJ

d) 6290 kJ
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Heats of Fusion and
Solidification

* The molar heat of fusion (AH
the heat absorbed by one mole of a
solid substance as it melts to a liquid
at a constant temperature.

* The quantity of heat absorbed by a
melting solid is exactly the same as
the quantity of heat released when the
liquid freezes.




Sample Problem 17.4 - >\>

Using the Heat of Fusion in Phase-Change Calcu atlo’ns

How manyv grams of ice at 0°C will melt if 2.25 kJ of heat ale added:

The AHys,s for

water is 6.01
kJ/mol



Practice
The AHs, s for

water is 6.01

kJ/mol
* 1) Ca(c%?ate the energy released
when 15.5 g of ice freezes at 0°C.

» Calculate the energy required to
melt 12.5 g of ice at 0°C and
change it to water at 25°C.
(Specific heat capacity is 4.18
J/Ig°C)



vaporize one mole of a given liquid is
called its molar heat of vaporization
(AHyap).

* The quantity of heat absorbed by a
vaporizing liquid is exactly the same
as the quantity of heat released when
the vapor condenses.



Heating Curve for Water

Hvap ‘|

Boiling
point

=

Melting
point

Temperature

Heat Supplied —




Using the Heat of Vaporization in
Phase-Change Calculations

How much heat (in kJ) is absorbed when 24.8 g H,O(/) at 100°C and
01.3 kPa is converted to steam at 100°C?

The AH,4p for water is
40.7 kd/mol



Practice 7z =

- 1) Calculate the energy to/ |-
melt 15 g of ice at 0°C, heat
it to 100°C and vaporizeitto *
steam at 100°C. The
specific heat of water is 4.18
J/g°C. The AHys for water is
6.01 kd/mol and the AHya, for
water is 40.7 kd/mol.
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1. The molar heat of
condensation of a substance
Is the same, in magnitude, as
its molar heat of

a) formation.

b) fusion.

c) solidification.
d) vaporization.




ethanol (C2H50H) iIs —43.5 kJ/moI
As CoHs50H condenses, the =
temperature of the surroundings

a) stays the same.
b) may increase or decrease.

C) INncreases.
d) decreases.




17.3 Section Quiz

3. Calculate the amount of‘h L |
absorbed to liquefy 15.0 g of
methanol (CH30H) at its melting _
point. The molar heat of fusion for
methanol is 3.16 kd/mol.

a) 1.48 kJ
b) 47.4 kJ
c) 1.52 x 103 kJ
d) 4.75 kJ




17.3 Section Quiz

4. How much heat (in kJ) is‘relez
when 50 g of NH4NOs3(s), are
dissolved in water? A Ssoin = —-25.7*
kd/mol

a) 12.85 kJ
b) 13.1 kJ
C) 25.7 kJ
d) 1285 kJ




