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Inspire Chemistry

Module 14 Lesson 1:
llEnergy”




Outcomes:

After this lesson | can:
D Define energy.

e

G-
D Distinguish between potential and kinetic energy.

D Relate chemical potential energy to the heat lost or gained
in chemical reactions.

D Calculate the amount of heat absorbed or released by a
substance as its temperature changes.




Part 1

Learning objectives:

* Define Energy, Potential Energy and Kinetic Energy and chemical potential .

s—

* State the law of conservation of energy.
Ne~~—

* Compare and contrast temperature and heat.

aj’/“' 1= /)




GIN{EEETL Chemical reactions

usually absorb or release energy.
C/-Lé\"/ﬁ e



Focus Question

What is energy?

@ps://www.youtube.com/watch?wdmcevCSS@




New Vocabulary

J Energy —

. Law of conservation of energy
. Chemical potential energy

J Heat

J Endothermic+

J Exothermic

 calorie ~

J Joule

 Specific heat /




Review Vocabulary

temperature: a measure of the average

kinetic energy of the particles in a sample

of matter. \\\/

Y\‘g‘a, ‘ —
TE ) e

3




» Define Energy, Potential Energy and Kinetic Energy and chemical potential .

The Nature of Energy

 Energy is the ability to do work or produce heat.
£ /2 LG e
* Energy exists in two basic forms: potential energy
and kinetic energy. =k
&3
* Potential energy (PE) is
energy due to the
composition({x=s59) or
position of an object.

* Kinetic energy (KE) is
energy of motion.

Water intake Turbine



Define Energy, Potential Energy and Kinetic Energy and chemical potential .

Types of Energy

Kinetic Energy Potential Energy

Motion Energy gctrical Energy Gravitational Electric

Potential Energy Potential Energy

Sound Energy Radiant Energy Chemlcal Energy
o
3
%
(Thermal Energy Guclear Energy

N

i‘.? Scivace facks



Define Energy, Potential Energy and Kinetic Energy and chemical potential .

Quiz

1. What are two basic forms of energy?

<

o, potential and electrical

(B) potential and kinetic ~ CORRECT

< kinetic and electrical

VN
e
>

< kinetic and thermal



Define Energy, Potential Energy and Kinetic Energy and chemical potential .

The Nature of Energy

Chemical systems contain both kinetic
energy and potential energy. u’ﬁTENTlAL ENERGY )
KE o |
The kinetic energy of a substance is
directly related to the constant random
motion of its representative particles
and is proportional to temperature.

=Y,
The potential energy/of a substance . . ,
— - — /' Elastic Potental | (Gravitational Potential [’
depends on itscompositionythe type of L ey L ey

vatoms, the number and type of chemical
bonds, and how the atoms are arranged.




State the law of conservation of energy.

The Nature of Energy

; N -

&;\b\&—ﬁ 0y s
The law of conservation of energy states that in any chemical reaction or
physical process, energy is neither created nor destroyed, but can change

from one form to another. &\

is mknown as the(first law of thermodynamics.

\F'.E = maximurm

_— KE=0

_ 9 —

J _ I
* kEincreases & !
op.E decreases |
h |

|

v PE=0
K.E = Maximum

Ground Ground Ground

PE+KEu3r:,'ri-;ht &) 2[!13-I23EI1E:-.:II25EL:5 :a-b.]“i-}Ele-:trcni-:s. All rights r-:st-:Er-:I:KE

—_—

What can you say about the value of KE +PE in every position? Is it changing?

—————

No, their sum is constant (doesn’t change)



« State the law of conservation of energy.

Energy Conversion

-

Chemical Light

T T
Light Chemical



« State the law of conservation of energy.

Energy Conservation

Energy Conversion

Energy Conversions

Energy can be converted from

one form into a more useful

form. Many items that we use ’/

rely on energy conversions.
https://edushare.moe.gov.ae/Uploads/Re

sources/78e0121d-a7a5-4ea3-aff5-
c8f6c5f155db/767204/index.html

Page 3




Quiz

2. Which of the following best describes the law of
conservation of energy? s

It states that energy is neither created nor destroyed
but can be transformed.

T—

< |tis the first law of thermodynamics.

‘-
X Ui
o5 It states that energy cannot be converted from one

form to another.

() Both A and B are true. CORRECT



on Kinete Evergy and chormica The Nature of Energy
potential & %4 s ' &S,
» ( Chemical potential energyjis energy stored in a . ) .
substance because of its composition(zs%): @ - @ ]
d the type of atoms. oo Water /_2
O the number and type of chemical bonds, = —

d and how the atoms are arranged.

 Chemical potential energy plays an important role

in chemical reactions. /D
'y

.‘. 8~
CH, + 20, —— (.0, + 2 H;0
Methane Oxygen Carbon Dioxide Waler

Hy d roca Laic L s>
J ’ Combustion Roa@ &




Quiz

3. Which of the following best describes chemical
potential energy? o

:< It is energy a substance has due to the charge of its
electrons. X

@ It is energy stored in a substance because of its
composition.VCﬁRECT =

- ke

-« Itis energy a substance has due to the motion of its
particlesx

- Itis energy stored in a substance due to its ability to

undergo chemical reactions. Y




Which of the following gas stoves is hot? Why?

\L




Is energy “heat” produced in this

chemical reaction? How do you feel it?
\

Yes. We feel it
through the

high
temperature.

b

7 R i
< L o9 e o~y
CHy + 20, ot Co, + 2 H0

Methane Oxygen Carbon Dioxide Waler

Combustion Reaction



* Compare and contrast temperature and heat

The Nature of Energy
; \J;)
6) &\J

e
* Heat isfenergﬂthat is in the process of flowing from a
warmer object to-a cooler object.

e The symbol@is used to represent@




Part 2

Learning objectlves

C/
* Perform mterconve‘?smn between units of temperature and heat.

* Describe the relationship between the@ecific heat ca@of a
substance and the resistance to change in temperature.

* Calculate the amount of heat absorbed or released by a substance as its
temperature changes. | L]




What are the used
units to measure

heat uqn?
(B




N A< Measuring/l-leit' Joole = ?\"5'5\%
% / T ~— Aly ‘2-5 4; 2C
* A calorie (cal) is defined as the amount of energy sy

; toce
requwed to raise the temperature of one gram of ~ ®J%. ":'? wale
pure water by one degree Celsius (1°C).

/l - :Lkm
Aooo M =
* The energy content of food is measured in looco o = AKen |

(nutritional QalorieD

. Cl nutritional Can@equals@OOk’calories orl_
kilocalorie (k_ga_l).

N
= AQlorie

* Perform interconversion between units of temperature and heat.



Measuring Heat

N

A joule (J) is the Sl unit
of heat and energy.

A joule is equivalent to

p—

0.2390 calories.

Perform interconversion between units of temperature and heat.

Table 1 Relationships
Among
Energy Units

L 2
1)=0.2390 cal
N—
|- 1cal
(.7~ 4184)
1cal =4.184)
4184)
1cal
1 Calorie
1000 cal
@orie = 1 kcal > o
1000 cal
1 Calorie




DPRTN ¢ TJNWQV\,A S&s\qb

Qu 12 "# Ucks"

A
4. Which of the following is the Sl unit for energy and

heat?

<

"o, hutritional Calorie

<

> calorie

et kilocalorie

@ joule CORRECT

Perform interconversion between units of temperature and heat.



CONVERT ENERGY UNITS

IN-CLASS EXAMPLE

Use with Example Problem 1.

Problem
A breakfast of cereal, orange juice, and
milk might contaln@Uﬁutrltlonal Calories)

Express this energy in joules.
KNOWN
amount of energy = ggg@alories
UNKNOWN

amount of energy = ?@

SOLVE FOR THE UNKNOWN

Convert nutritional Calories to calories.

* Apply the relationship 1 Calorie = 1000

cal.
. 100gcal_) S@an
230 Calories X T 23x1o.

Convert calories to joules.
* Apply the relationship 1 cal =4.184 J.

2.3 x 10° eal x 4'112;0): 9.6 x 1050

* Perform interconversion between units of temperature and heat.



Know o - —°
Un\@\\evsn'{ X 24?.
Ca \Oc‘\% —> _J_O\\\&(
@ y’ )//- Cal —2 d
~— 2. =
Calorie.s (C"") A\S i C—»‘I\:}L'(— . IZQ- T
| < 230000 ca| = T
D (o.os&,feeo ce
4 Calores = P
2‘?0 CQ(D(u'as = 9 cal

230 0o0 XL-.1&
{‘?yé 1325 J )

—.6 \§ T




Spfgfic Heat

g €

T T —

* The specific heat of @ny substance)is @e amount of heﬁ
required to raise the temperature of one gram of that

substance by one degree Celsius.

* Because different substances have different‘ compositions, )

each substance has its own specific heat.
_—

* Some objects require more heat than others to raise their

—t

temperatures. 252 Y@Eoc
7/:00(7‘ : BT =2
’—:7‘216 29 00

* Describe the relationship between the specific heat capacity of a substance and

the resistance to change in temperature.



Specific Heat

/l\ Table 2 Specific Heats
at 298 K (25°C)

Table 2 Specific Heats
at 298 K(25°C) C

Specific heat

Specific heat

J /( go°C ) Concrete(s) 0.84 e
Water(l) 4.184 [ Granite(s) 0.803
Calci !
Ethanol(l) 24 aidumis) 0.647
- Iron(s) 0.449
Water@ 2.03
e Strontium(s) 0.301
Water( !

2_0_1 Silver(s) 0.235
Beryllium(s) 1.825 Barium(s) 0.204
Magnesium(s) 1.023 K Lead(s) 0.129
Aluminum(s) 0.897 Gold(s) (0.129>

* Describe the relationship between the specific heat capacity of a substance and
the resistance to change in temperature.

Substance J/(ge°C) /



Specific Heat

\\
Which substance will (resistf~si) the
change in temperature when heated

C

Table 2 Specific Heats
at 298 K (25°Q)

Specific heat

Substance

more than the other: - "(°c)
o oncretels -

Concrete or Silver. Why? Concrete Concretets)  \084)
Granite(s) 0.803

o -84 _
o-23 Y 71 Calcium(s) 0.647
Because the specific heat of concrete is Iron(s) < 0.449 )

higher. Concrete needs 0.84 J to heat up 1 Strontlum[s} 0.301

gram by 1 °C.

However, Silver needs only
0.235 ) to heat up 1 gram by
1°C

9P
8y 2‘

+/c +4C

* Describe the relationship between the specific heat capacity of a
substance and the resistance to change in temperature.

@1

Barium(s) 0 204
Lead(s) 0.129
Gold(s) 0.129




Think Critically!
7 T
The specific heat of concrete is 0.84 J/(g * °C), so(1 g§f concrete

/

absorbs 0.84 J when its temperature increases by

5o %, T Ti= 68
Imagine that the temperature c_)f_a@f concrete increasedgby

How much heat did it absorb?
Hint: Use the °

—4 G
specific heat. C 12 a/) @ —

* Calculate the amount of heat absorbed or released by a substance as its temperature
changes.



Specific Heat

The following equation can be used to calculate heat
absorbed and released.

Equation foCalculating He@

M‘ T _T- q represents the heat absorbed or released.
Wk F -1 ¢ represents the specific heat of the substance.
_— gq=cXmX AT m represents the mass of the sample in grams.
) = J - AT is the change in temperature in °C; or
w $S Tw;inal - Ti-n'rh'a|~

The quantity of heat absorbed or released by a substance is equal to the product of its
specific heat, the mass of the substance, and the change in its temperature.

Calculate the amount of heat absorbed or released by a substance as its temperature
changes.



Quiz

5. Which of the following is the equation for calculating

oo M=cxmxAT
o g =CXAT

@ g=cxmxAT  CORRECT

Calculate the amount of heat absorbed or released by a substance as its temperature

changes.



CALCULATE SPECIFIC HEAT

Use with Example Problem 2.

Problem

In the construction of bridges and
skyscrapers, gaps must be left
between adjoining steel beams to
allow for the expansion and
contraction of the metal due to
heating and cooling. [The
temperature of a sample of iron
with a mass of 10.0 g changed from
50.4°C to 25.0°C with the release of

@_J_. What is the specific heat of
iron? ]

Calculate the amount of heat absorbed or released by a substance as its temperature
changes.




CALCULATE SPECIFIC HEAT 4=N%T KNOWN .25

IN-CLASS EXAMPLE | energdy released =114) T =504°C AT=pT;

Use with Example Problem 2. mass ofiron=10.0gFe T;=25.0°C 25 -Se.Yy
Problem UNKNOWN +) =H25-4C
In the construction of bridges and specific heat of ironf¢’= ? J/(g*"C)

skyscrapers, gaps must be left
between adjoining steel beams to
allow for the expansion and
contraction of the metal due to

SOLVE FOR THE UNKNOWN
Calculate AT.
AT = 50.4°C - 25.0°C = 25.4°C

heating and cooling. ( The e State the equation for calculating heat.
temperature of a sample of iron q= @@m/&ﬂﬂy
W|th a mass of 10"6 g changed from . Solveforc. ™™°%
T 50.4°C to 75.0°C with the release cxmxAT_
bof 114 J. What is the specific heat mXxAT — mXx AT

of iron? ) C /:mxA

Calculate the amount of heat absorbed or released by a substance as its temperature
changes.




CALCULATE SPECIFIC HEAT

IN-CLASS EXAMPLE

SOLVE FOR THE UNKNOWN (continued)

q
mx AT

e Substituteg=114J, m=10.0g, and AT =
25.4°C, L e

. 114 )
€=110.0 £)(25.4°C)

* Multiply and divide numbers and units.

C =‘O.449 J/(ge*°C)

Jrow

C =

* Calculate the amount of heat absorbed or released by a substance as its temperature

changes.



4.1f the temperature of 34.4 g of ethanol increases from 25.0°C to
78.8°C, how much heat has been absorbed by the ethanol? The specific

heat of ethanol =2.44 J/(g °C) @’ —

Unknown
Eqn=ogv4n.4 g v Heat absorbed (q)?
T=25.0C “~
Tf = 788°C v

c=2.44)/(g°C)
AT=T,—T =78.8—25=53.8°C

q=2.44J/(¢-°Z)x34.4 ¢ x53.8°¢
—4.52x10°)

T




Section Summary

D Energy is the capacity to do work or
produce heat.

P Chemical potential energy is energy
stored in the chemical bonds of a sub-
stance by virtue of the arrangement
of the atoms and molecules.

P Chemical potentigl energy is released
or absorbed as heat during chemical
processes or reactions.



Select the correct answer.
In a process called photosynthesis, green plants convert light energy from the Sun into

“Critical thinking”

chemical energy stored in sugars (CgH4,0¢). The bonds in a glucose molecule are weaker

than those in water and carbon dioxide.

Which graph represents the energy transformation during photosynthesis?

energy

I [

before reaction

after reaction any time of reaction

B light energy
chemical energy

total energy

Process of Photosynthesis
”"w

Sunlight

Carbon
dioxide

energy
I 3

C

before reaction

-
after reaction any time of reaction

B light energy

chemlical energy

total energy

4

enelrgy b

B light energy
chemical energy

total energy

[

before reaction

-

after reaction any time of reaction

energy

4

L

B light energy
d chemical energy

total energy

before reaction

|
L S

after reaction any time of reaction ~.




Select the correct answer. “Critical think mg 7

In a process called photosynthesis, green plants convert light energy from the Sun into
chemical energy stored in sugars (CgH4,0¢). The bonds in a glucose molecule are weaker

than those in water and carbon dioxide.

Which graph represents the energy transformation during photosynthesis?

Process of Photosynthesis

poe

')}\"‘2',‘?."9 . @*yﬂ')

Oala
D>

. —— O Y

light
energy W tig ?nergy energy b
A a chemical energy A

total energy

I [

L

B light energy
chemical energy

total energy

[

before reaction after reaction any time of reaction

before reaction

-

after reaction any time of reaction

B light energy
energy
A chemical energy energy
total energy 1

-

B light energy
d chemical energy

total energy

before reaction after reaction any time of reaction

before reaction

-

after reaction any time of reaction




