Temperature, Heat, Expansion

Objectives

Distinguish aspects of heat flow (endothermic, exothermic,
potential energy, kinetic energy, heat and temperature).

Define temperature, heat flow direction, thermal expansion, and
specific heat.

Understand thermal expansion and its importance regarding water.
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A. (PE) - stored energy
B. Kinetic Energy (Kt) = energy of motion
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Energy (PE) 9 stored energy

1. An objects energy just prior to
falling (position)

2. Food, Heat

4., Ammunition
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Energy (KE) 9 energy of motion

1. A falling object ( )
’

’- 50% PE 50% KE

2. Temperature

The average
of molecules

" Max KE = ¥2 mv?
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average
kinetic energy (KE

= Fahrenheit (°F)
m (°C); also called centigrade

= Kelvin (K)

“Absolute temperature”
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Mmass
quantity of matter

m Units: calories (Kcal) or joules (KJ)
= Calorimeter = instrument used to measure heat

m Physical and chemical changes involve changes

In energy:
(1) Exothermic - releases energy or heat
(2) Endothermic - gains/absorbs energy or heat

Temperature, Heat & Expansion



—
(P
—
i)

18
(P
s
(2)
r
(T
a
(P
N
(L
—
)
{ O
U]
Ll
(L
(a)
LG




Mass



versus Heat

Heat incorporates temperature and

burning one match verses five matches
= Temperature for both is the same (~400-600 °C)
Heat of one match = ~500 cal
Heat of five matches = ~2500 cal

burning a match verses a bonfire or house

0 The temperature of a bonfire or burning house is almost the same
as a burning match (~400-600 °C)

The heat of a match is ~500 cal while
the heat of a bonfire or house is thousands of times greater
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Heat flows from to
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Energy Interactions
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Energy Through the Water Cycle

State If energy released or gained for each phase change.

steam

Temperature) #Heat & Expansion



Energy Through the Water Cycle

Names of processes are Enrichment

Releases Energy

Gains Energy

steam
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Heating and Cooling Curves
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http://somup.com/cFX6DGni0X

Heating and Cooling Curves

Inguiry.Questions:

= Why doesn’t the temperature change as ice melts?
As water boils? (PE Vs, KE)

= What kind off energy relationships are 0ccurring as' Ice
melts and then boils? (Eradotheriiic)

= What do'we call the stages when ice melts (/meélting
pojnt) and water bolls (Do/ing point)?
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Phase Change Diagrams

“Endotnermic AVEF= -+

Heat flows Into the system firom
the surroundings

AHes 4=

Heat flows from the system into the surroundings
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Phase Change Diagrams

Endothermic “Heating Curve”
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Phase Change Diagrams

Endothermic “Heating Curve”
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dl
b

Temperature, Heat & Expansion

Time (minutes)




Phase Change Diagrams

Endothermic “"Heating Curve”

liquid

7 What about lings
BC and DE?
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Phase Change Diagrams

Endothermic “"Heating Curve”

Liquid-gas

/

7

Solid-liqui

C

O
2
=
e
Q
(&%
5
>

Time (minutes)

Temperature, Heat & Expansion



Phase Change Diagrams

Endothermic “"Heating Curve”

O
2
=
©
Q
(&%
5
>

Time (minutes)

Temperature, Heat & Expansion



Phase Change Diagrams

Endothermic “"Heating Curve”

... by definition this is
kinetic energy
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Phase Change Diagrams

Endothermic “Heating Curve”

Therefore, energy must
be added to melt the
ice. This is potential
energy.
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Phase Change Diagrams

Endothermic “Heating Curve”
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Phase Change Diagrams

Endothermic “Heating Curve”
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Phase Change Diagrams

Endothermic “Heating Curve”
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Phase Change Diagram for Water

Ice
| Liquid

—

-~

Hg Ice & Water

Water & Steam &

‘ff
oy
intermolecular forces no mtermalecular

weakened forces

‘ H., = heat of vaponzation (540 cal/g) ‘

H; = heat of fusion (80 cal/g)

'(—_—l-—intermule cular forces dotmnate

Mixture
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o Therefore, Kinetic Energy
does not change
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Since ice melts, potential
energy must increase

| =

Graph =~ Temp | Phase @ KE PE
A—B -20 0 S

B—C Y S

C—D 0—100 |

D—E 100 j 9

=—F 100 — 110 g
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Therefore, Kinetic Energy
does not change
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Since water boils, potential
energy must increase

Time (minutes)

A—B -20 U S

B—C Y S — |

C—D 0-—100 |

D—E 100 j J constant increase
F—F 100 — 110 g
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Notice the “equations” for each change

-

PIIIII PPN
P IIIII PPN
PIPIIIII I
P IIIII PPN
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Heat Added =————
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Phase Change Diagrams

- Endothermic A&l= -+

heat flows into the system from the surroundings

Heat flows from the system into
the surroundings
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Exothermic (Cooling) Curve

AH_ =-AH,

Temperature
[e]

AH, = -AH;
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Exothermic (Cooling) Curve

gas

CP
AH, = -AH

Temperature
[e]

C liquid

FP
AH, = -AH,

o

Heat
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LIQuUID

Temperatur
Temperatur

Energy Removed

Grapn | Temp  Phase | KE
A—B 140 —100 J decrease constant
B—C Loy g — |

C—D 100 U |

D—E : | —S

EE P S
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LIQuUID
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Grapn | Temp | Phase KE PE
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LIQuUID

Temperatur
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Graph =~ Temp | Phase @ KE PE
A—B 140 — 100 g

B—C 100 g— |

C=D 1000 |
D—E ) | — S

F—~F 0— 40 S
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LIQuUID

Temperatur
Temperatur

Graph =~ Temp | Phase @ KE PE
A—B | 140— 100 g

B—C 100 J |

C—D 100— 0 |

D—E J | S constant decrease
E—F | P S
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General Heating Curve

Fixed points (based on )
Melting point ~—— Freezing point (s <

Boiling point =— Condensation pt (I < g

M
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Fixed points for water

Melting point «—— Freezing point
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Heat Equation: AT

KE

c (ice): 0.5cal/g-°C
c (steam): 0.5cal/g-°C

2.09 j/g-°C
2.09 j/g-°C

A T: change in temperature (closed system)

AT=Tf—Ti
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Heat of Fusion /

The amount of energy gained or released when
a substance melts (s = |) or freezes (I = s)

PE
Melting (s = |): endothermic AHf = +

For water: AH; = +80.0 cal/g = -AH,
80.0 cal/g x 4.18 j/cal = 334.4]/g

Temperature, Heat & Expansion



Heat of Vaporization /

The amount of energy gained or released when a
substance vaporizes (I = g) or condenses (g =2 |)

PE

vaporizing (I 2 g): endothermic AHv = +

For water: AH, = +540. cal/g =
540. cal/g x 4.18 j/cal = 2.26 kl/g

Temperature, Heat & Expansion



Notice the “equations” for each change

cndothermic
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Notice the “equations” for each change

Heating/Cooling Curve?
Endo/Exothermic?

q="2

Condensation point- |

Temperature

(°C)

Freezing point-
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Notice the “equations” for each change

Cooling Curve exothermic

qﬁmeAT=- q _— -
)

Condensation point -

Temperature

(°C)

freezing point-
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How much heat flows when 20.0 g of water at
10.0 °C is heated to 40.0 °C? (Endo/Exothermic?)

w, Heat & Expansion



How much heat flows when 20.0 g of water at
10.0 °C is heated to 40.0 °C? (Endo/Exothermic?)

Endothermic (heat 1s added or apsorbed)

*
*
*
*
*
*
*
‘0
*

‘0
*
.0
*
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How much heat flows when 20.0 g of water freezes
at 0.0 °C? (Endo/Exothermic?)
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freezing water 2 q 5, . = m AH;

Qice = (20.0 g)(80.0 cal/g)
qice — = 'jr) (J f’fujl X 4.18J /cal — -12l8 kJ

oy

Exothermic (heat is “lost” or released)
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Specific Heat of Water

The , or simply the specific heat (C) of a
substance, is the amount of heat it takes to raise the
temperature of 1 g of the substance 1° C.

Specific Heats of Some Common Substances

Specific heat (c)

Substance

J/(g-°C) cal/(g-°C)
Liquid water 4.18 10]0)
Ethanol 2.4 0.58
Ice 2.1 0.50
Steam 1.9 0.45
Chloroform 0.96 0.23
Aluminum 0.90 0.21
lron 0.46 0.11
Silver 0.24 0.057
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Specific Heat of Water

\Water has the second

highest specific heat WATER




Specific Heat (C)

Some things or
faster than others.

Land heats up and cools down faster than water

: I
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e.g. Mi“(":hhigan stays warmer in theitr due to the
heat from the lakes
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Specific heat is ability of a substance
to “hold” heat.

C water =4.184 J / g°C
C sand = 0.664 J / g°C
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A

Is used to
measure the
specific heat of a
substance. Sl

Insulated flask
(outer chamber)

Rearrange g = mcAT to solve for c:
-

q heat (J or cal)

m x AT mass (g) x change in temperature (°C)

b
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Thermometer

What happens What happens to
to the metal? the water?

How does the heat compare?
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Thermometer

The metal cools The water gains
off (loses heat); heat from the
q = - metal; q = +

- qmetal

% Exothermic
re, Heat & Expansion




