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Inspire Chemistry

Module 14 Lesson 2:
“Heat”




Endothermic vs. Exothermic Reactions

Energy is conserved in chemical reactions. The total energy of the
system is the same before and after a reaction

N\

Heat Heat Heat

Endothermic Exothermic
The endothermic reaction is cooler The exothermic reaction is hotter
than surroundings than surroundings

ThoughtCo.



Learning Outcomes

After this lesson, | can:

D Describe how a calorimeter is used to measure energy that is
absorbed or released.

D Perform different calculations in a calorimetry experiment (For
adding a metal to water).

D Explain the meaning of enthalpy and enthalpy change in
chemical reactions and processes.



Part 1:

The calorimeter



MOCUSQUESUOH ey
/'\ a

/\ 2
How arié heét and temperat re

related?

{{I¥] The enthalpy change
for a reaction is the enthalpy of the

products minus the enthalpy of the
reactants.

Calorimetry Is the process of measuring the
amount_of heat released or absorbed during a
chemical reaction.

——
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How many calories are in the
presented food? “60 Calories” or “60 kcal”

How did we know “How

many calories” are in
the food?

Using a device
called: Calorimeter!

Nutrition Facts

16 servings per container
Serving size 1 Thsp. (2149)
|

Amount per serving

Calories 60

%6 Daily Value*

Total Fat Og 0%
Saturated Fat Og 0%
Trans Fat Og

Cholesterol Omg 0%

Sodium Omg 0%

Total Carbohydrate 17g 6%
Dietary Fiber Og 0%
Total Sugars 17g

34%1

Protein (Og

I

Vitamin D Omcg 0%

Calcium Omg 0%

Iron Omg 0%

Potassium Omg 0%

* The % Daily Value (DV) tells you how much a nutrient in
a serving of food contributes to a daily diet. 2,000 calories
a day is used for general nutrition advice.

! One seving adds 17g of sugar to your diet and
represents 34% of the Daily Value for Added Sugars.




New Vocabulary

calorimeter
thermochemistry Lesse w@
system Remember the equation to

. calculate heat:
surroundings

universe '\q —CX M X ATVS\
—— o\
enthalpy coechs ¢ oS3
\rk

enthalpy (heat) of reaction



= Describe (Bomb calorimeter & Coffee-cup
calorimeter).

.o Calorimetry

7
A calorimeter is an insvu:%c:d device used for measuring the amount of

heat ‘absorbed or released during a chemical or physical process.

f Ignition G A=
< .
J. J. S_ternlnals l N
@ Thermometer 1
| B §

Stirrer —‘ é{

Water

Insulation s )~ J)le
Sealed reaction
chamber containing
substance and
oxygen (the bomb)

Eomb CalorimeteL)




= Describe (Bomb calorimeter & The BO m b C a IO ri meter

Coffee-cup calorimeter).

Enthalpy Change and Calorimetry < 8/10 > i

Calorimetric Studies
on Combustion Reactions

Combustion reactions are usually
studied using bomb calorimeters.

A device used for measuring the
heat evolved during combustion
reactions

EduShare

https://edushare.moe.gov.ae/Uploads/Resources/
6dd55ff5-9a84-4bfa-85a2-
ef4c18a5ab9b/5742123240390656/index.html
Page 8




= Describe (Bomb calorimeter & Coffee-cup
Calorimetry

calorimeter).

* A calorimeter is an insulated device used for measuring the amount of
heat “q” absorbed or released during a chemical or physical process.

Ignition
J. J’ terminals
— Thermometer

Stirrer —‘

o ol

Water
Insulation s )~ J)le

Sealed reaction

chamber containing
substance and

oxygen (the bomb)

Bomb Calorimeter



Calorimetry

“How is a calorimeter used?”

* A known mass of water is placed in an insulated chamber to absorb
the energy released from the reacting system or to provide the
energy absorbed by the system.

. : D :
* The data to be collected is the change in temperature of this mass of
water.

<
e You can use a calorimeter to determine the specific heat of an unknown

metal.
P




= Describe (Bomb calorimeter & . 0*\\0»\9\(
Coffee-cup calorimetgr). COf fee-cup calorimeter (C) —

| L
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Det . ific heat . Perform different calculations in a
ctermining specitic hea calorimetry experiment (For adding a

metal to water).

Coffee-cup calorimeter

Figure 6 a. An initial temperature of 25.60°C is recorded for the 125 g of water in the calorimeter. b.
A 50.0-g sample of an unknown metal is heated to 115.0°C and placed in the calorimeter. c. The
metal transfers heat to the water until the metal and the water are at the same temperature. The final

temperature is 29.30°C.

First, calculate the heat gained by the water. To do this, you need the specific heat of water, 4.184 J/ (g-°C).

Gwater = 4.184 1/ (g - °C) X 125 g X (29.30°C — 25.60°C)

Gater = 41841/ ( 2°C) x 125 ¢ x 3.70 €

Gwater = 1940J



e  Perform different calculations in a
calorimetry experiment (For adding a metal
to water).

Determining specific heat

The heat gained by the water, 1940 J, equals the heat lost by the metal, ¢petal, SO YOUu can write this equation.

Ametal = q water
Qo = —1940)
Coetal XM X AT = —19401]

Now, solve the equation for the specific heat of the metal, cpeta1, by dividing both sides of the equation by m X AT.

_ —1940]
Cmetal = AT

m=50g
AT=T,-T,=29.3-115=-85.7 °C

L ~1940]
metl ™ (50.0g) (=85.7°C)

= 0.453 J/ (g-°C)



Det _ ific heat . Perform different calculations in a
Coffee-cup calorimeter etermining specitic eaw calorimetry experiment (For adding a
W — W metal to water).

s X

. ™M

V)
Figure 6 n initial temperature of 25.60°C is recorded for the 125 g of water in the calorimeter. b.
o & C— — —_—

,((\ﬂa mple of an un ann metal is heated to 115.0°C and placed in the calorimeter. ¢. The
— e —

metal transfers heat to the water until theGetal and the water are at the same temperature™\he final

temperature is 29.30;(:.\',[
S~— -
’\'J' = f rv‘k
c)
First, calculate@at gained by the water.)lo do this, you need the specific heat of water, 4.184 J/ (g-°C).
o}ﬁcu*w‘w*b‘f TF-T 10
v Gwater = 4.184 1/ (g - °C) X 125 g X (29.30°C — 25.60°C)

Gater = 41841/ ( 2°C) x 125 g x 3.70 € 3cc\s<A
\/@er = 194@———" Y“ S \)\\‘”C . & R¥ L(\AQWCB




e  Perform different calculations in a
calorimetry experiment (For adding a metal
to water).

Determining specific heat

The heat gained by the water, 1940 J, equals the heat lost by the metal,(¢myetal,J50 YOU can write this equation.

e e — L \] —
V“y\\( o Ametal = 9water

= (219407

\T = —1940]
—
myST, | T b

Now, solve the equation for tﬁ% specific heat of the metal, cipear, by dividing both sides of the equation by m X AT.

\5\_’9»

_ —1940]
Cmetal = AT

m=
AT= Tf T 29.3-115=-85.7°C

v
21940 J
e\ {0453 J)g-°C
@ (50.02) (—85.7°C) &)

_ v




USING SPECIFIC HEAT e cors e \¢J =7 B *  Perform different calculations in a

calorimetry experiment (For adding a metal

IN-CLASS EXAMPLE e F (F-D  towaten.

Use with Example Problem 3.

Problem oX
A piece’of metal with a mass of 4.68 g absorbs

256 J'of heat when its temperature increases
@@DWhat is the specific heat of the
metal? Could the metal be one of the alkaline

earth metals listed in Table 2 (on the next
slide)?




USING SPECIFIC HEAT
IN-CLASS EXAMPLE

Use with Example Problem 3.

Problem

A piece of metal with a mass of 4.68 g absorbs
256 J of heat when its temperature increases
by 182°C. What is the spe&ific heat of the
metal? Could the metal be one of the alkaline
earth metals listed in Table 2 (on the next

slide)?
e KNOWN S
vss mass of metal, m=4.68¢g
0 v
quantity of heat absorbed, g = 256
v~ AT =182°C
UNKNOWN

specific heat, c="? J/(g*°C)
[

T

SOLVE FOR THE UNKNOWN

e State the equation for the
guantity of heat, g.

g Fcx mx AT

* Solve for c.

q
m x AT

C =

SOLVE FOR THE UNKNOWN (continued)

e Substitute g=256J, m=4.68 g, and AT =
182°C.

256

=468 g)(182°0) - 0:301)/(g*°C)

Table 2)indicates that the metal could be
strontium.




USING SPECIFIC HEAT Table 2 Specific Heats

IN-CLASS EXAMPLE at 298 K (25°C)

Specific heat

SOLVE FOR THE UNKNOWN (continued) Water() jc}
* Substitute g = 256 J, m = 4.68 g, and AT = Fhanoll 24
1 8 2 o C - Water(s) 2.03
Water(g) 2.01
Beryllium(s) 1.825
256 J o Magnesium(s) 1.023
€= (468 g)(lSZOC) =0.301 J/(g. C) Aluminum(s) 0.897
Concrete(s) 0.84
Granite(s) 0.803
Table 2 indicates that the metal could be Calcium(s) 0.647
strontium. Iron(s) 0.449
‘Strontium(s) 0.30
Silver(s) 0.235
Barium(s) 0.204
Lead(s) 0.129
Gold(s) 0.129




‘ Practice

¢ A scientist heats an unknown metal block with a mass of 132 grams to 116.5°C and places it
into a coffee-cup calorimeter. The temperature of the water rises from 24.0°C to 32.5°C as the
water absorbs 4,978.96 J of heat. Calculate the specific heat of the unknown metal.



‘ Practice

Lo&‘; m\a\m R ?““( @

s 3
M

{# A scientist heats an unknown met ith a mass of 132 grams to 116. 5°C apdplaces it
into A coffee-cup calorimeter.JThe temperature of the water rises from 24.0° 0°C to as the

water absorbs 4,978.96 J of heat]
_______.__-—e-

'Calculate the specific heat of the unknown metal.w
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Part 2:

Chemical Energy & The
Universe



Chemical Energy and the Universe

RIS

 Thermochemistry is the study of@eat chang@that accompany chemical
reactions and phase changes.g‘évg_\

EXOTHERMIC

o \ o
\\.// \_//
SURROUNDINGS SURROUNDINGS

" 1"S“(_@en ce ©2020 Let's Talk Science
Heat enters the

Heat leaves the

system i
system AT




Chemical Energy and the Universe —
Terminologies “Keywords”:

 Asystem is the specific part of the universe that contains the
reaction or process you wish to study.

————

 The surroundings are everything else other than the system in the
universe.

* The universe is defined as the system plus the surroundings.

p |
y y 4
4 p |
| 1
‘ :
‘ 1
|
|
[
|
[
|
[
. | I
y y
y 4 i
) 7 /
; y y
y |14 y

System + Surroundings = Universe




Chemical Energy and the Universe

 Chemists are interested in changes in energy during reactions.
« =S \;
* The energy released or evolved from reactions carried out at €onstant

(pressure Is sometimes given the s%,w‘(’ i

LS b
* Enthalpy (H) is the ﬁeat content of a system aff constant pressur)
a\ovc—' “\’ C’»\cfv‘\"‘(‘ \Yb

we o~

* Enthalpy (heat) of reaction is the change in enthalpy during a reaction,

symbolized as@

AH,,, = Hfinal —H

rXn initial
Aern = Hproducts . Hreactants = reaction



Chemical Energy and the Universe

ENDOTHERMIC

Which one will have a
negative enthalpy change

AH_ < 0? Why?
. o o, o ..
Which one will have a positive \\_//
enthalpy change AH,,, > 0? SURROUNDINGS
W h y ? ©2020 Let’s Talk Science
Aern< O AHI"XI’] > O
é_Han = Hfinal o Hinitial

Aern = Hproducts = Hreactants K




Chemical Energy and the Universe

Enthalpy changes for exothermic reactions are EXOTHERMIC
always negative. 1
% Exothermic reactions: energy is released out

of the system (reaction).
o AH\‘antlve Hac < H'. —

sc@ence

Enthalpy changes for endothermic reactions are ENDOTHERMIC
always positive. —
\J

¢ Endothermic reactions: energy is absorbed

into the system (reaction). 1.
% AH__ >0 “Positive” HJ— 7

\ Hf - H 7 D SURROUNDINGS




Chemical Energy and the Universe

Do you know about heat pads?
What are they used for?

Do they release heat or absorb heat?

—a_-—




Enthalpy 4——>»
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IS

o
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W

S

S

=3

4 fe o — 2Feds
_ +f ¥ Chemical Energy and the Universe

The Heat-Pack Reaction

surrou
7 Rf

Reactants W= H _H:<0

———

AH<O0

Igure 8 The downward arrow shows that 1625 kJ of heat is released to the surroundings in the reaction

between iron and oxygen to form Fe,; O3. A heat pack utilizing this reaction of iron and oxygen provides energy
for warming cold hands.

Explain how the diagram shows that the reaction is exothermic.




Chemical Energy and the Universe

The Cold-Pack Process

.

Products

H"cvui

Enthalpy

M NHGNOS(S) - omemmemememmmmememememeceemcc o

Reactant
D— Endothermic Process .
\n
ZH>) pos

‘/égure 9 The upward arrow shows that 27 kJ of heat is absorbed from the surroundings in the process of
dissolving NH4NO;. This reaction is the basis for the cold pack. When the cold pack is placed on a person’s
ankle, his ankle supplies the required heat and is itself cooled.

Determine how much energy is absorbed by ammonium nitrate when the cold pack is activated.




| AH' :"H'C -k =7 O

9—34 —————————————— Products -------=--—mmmmmo o
= H =233 16)
-{:‘-\ RE@CTANTS == m e e

C

Is the reaction shown in Figure 15.23 endothermic or Endothermic. H
exothermic? How do you know? TP

—_—

I {4 * o, o V)4
roducts = Hreactants AH is positive

/

Is heat flowing out of the system or into the .
Into the system because it
system? —_—

absorbed energy.

i




Quiz

|dentify the equation that defines the er(lthalpy (heat) of reaction.

J

P Aern =H Hproducts

reactants
%Aern = Hprogucts — Hicactants  CORRECT

e —

VN

- g=cxmxAT

‘o~ No equation defines this.



Check your understanding!

N

The enthalpy change for a reaction, AH, is negative.

==

What does this indicate about the chemical potential
energy of the system before and after the reaction?

af\er - \b&bxf«
* |Before > After \{Hr/m = Hiingt = Hiniia
° Befo re < After Aern = Hproducts — Hrea\ctants

e Before = After If AH < 0 “negative”, sc@, > Hpinal



Important point

The enthalpy change, AH, is equal to g », the
heat gained or lost in a reaction or E)’r?)cess
carried out at constant pressure. Because all
reactions presented in this textbook occur at
constant pressure, you might assume tha@=

-~

AH .




Plenary

What is the name of the insulated device that is used to measure the amount of
heat absorbed or released during a chemical or physical process?

2. thermometer

2% dosimeter

C calorimeter CORRECT

204 altimeter



Plenary

Which of the following best describes what is
studied in thermochemistry?

% physical changes C heat changes
CORRECT

%2 phase changes % temperature changes



Plenary

N
¢
Which of the following imf en?halpy?

% The actual enthalpy of a substance cannot
be measured.

2.4 Itis represented by H. .~

C Itisa measure of temperature.>< CORRECT

204 Itis the heat content of a system at constant

pressure. / K?{Dj A“ l




Plenary

The chemical reaction that occurs in a heat pack is
bthermic. What is true of the enthalpy change for

the reaction?
\ ,‘ o JANS)
WO

2 It is greater than zero. o Itis zero.

B Itisless than zero. ;2 The enthalpy change
CORRECT cannot be determined.



Learning Outcomes

D Describe how a calorimeter is used to measure energy that is absorbed
or released.

D Perform different calculations in a calorimetry experiment (For adding a
metal to water).

D Explain the meaning of enthalpy and enthalpy change in chemical
reactions and processes.



