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What are we going to learn today?

Quantify Change in Energy by Quantifying Heat

Derive State Function - Heat Flow at Constant Pressure

QUIZ: iClicker Question 1

When | think of types of energy, | think:

a) KE and PE are the same as heat & work ﬁ)%
b) PE and KE are the same as heat & work /
PE and KE are the only two forms of energy

Energy Definitions

What is Energy? @D‘QDS Im’(
Potential Enerqy (PE) Q )

energy due to position or composition




What is Energy?

—

Potential Energy (PE)
energy due to position or composition (/\
— —_—

Energy Definitions

How does Energy move? /(W/SF‘EK

Heat (q) Hiah T Low ™
transfer of energy from a hotter body to a colder

body (NOTE: This is not temperature)
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System and State

A system is the part of the universe on which we want to
focus our attention. The surroundings are everything else

< WS

The universe is the system and the surroundings \
L4084

Universe = system + surrouncfg/

Q«Q\ M;\'\A

Conceptualize Energy on the Move

Think about a Power Plant
FUEL > WATER > STEA_M_ - TURBINE =2

BIRN — AT
How much energy would it take to boil enough water to

generate enough electricity for the entire UT Campus?

Heat () D

N~

between heat and energy. He dropped weights into water and
moved a paddle, while monitoring the change in temperature. He
was able to conclude that 1 cal =4.184 J.
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Prescott Joule is famous because he found the relationship
between heat and energy. He dropped weights into water and
moved a paddle, while monitoring the change in temperature. He
was able to conclude that 1 cal =4.184 J.

’(\ —

HERT  week l'\
We can measure the changes in the temperature of water and
correlate that to the change of energy in a system.

RN
Demonstration /( W o et
X

Large Beaker of Water SmaII Beaker of Water o
Y i -5

9

Conceptualize Energy on the Move

\WAoSCopy L
Thermal Energy /W\ v
T ergy of the particles, which is directly related

to the temperature of the system

Heat Capacity \/
The heat absorbed relative to the increase in temperature \
- \
Wt % he &Y
— (N ,4( .l/



Heat Capacity

POLL: iClicker Question 2 ,“ 1;6

Whigh beaker had the higher Thermal Energy?

@ Large X‘}@\ 9
B. Small u\'cv

C. Same W
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POLL: iClicker Question 3

Which beaker had the higher Heat Capacity?
Large
B. Small
C. Same

Heat Capacity (C)

We use heat capacity (C) to measure the heat

transferred into or out of a system % Qv\vfj¥ G K\
/\ -~

E:CQ Qc A/ - TC\AM)\?

Specific heat capa"(':\t% (5')

|
(- Ik
- C ’KK"N"F

M

POLL: iClicker Question 4

rue —
B. False -

Hapacity is an Extensive Property.
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FULL. ICIHUACT \JUcCosuuUll &4

He apacity is an Extensive Property.
rue —
B. False

POLL: iClicker Question 5

Specific Heat Capacity is an Extensive Property.
A. True
B. False
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POLL: iClicker Question 6

Molar Heat Capacity is an Extensive Property.
A. True

alse

Demonstration

Ice Water Water Boiling Water
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Demonstration

Ice Water Water Boiling Water

POLL: iClicker Question 7

Think about the two systems in which the temperature remains
constant. In these cases the thermal energy is bein{cransferred

fromthe hotplate  |hoat et ?\x\} — bealar

/(To the surroundings, bypassing the water/beaker system
/B./To the water/beaker system in the form of thermal energy
(kinetic energy)
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Enthalpy
NN

Enthalpy of Physical Change
The transfer of heat into or out of the system. The heat is

transferred into potential energy (change of position) of the
“particles”

Enthalpy of Vaporization (AH,, ) Q. — \)A’? A A
e

Enthalpy

The change in heat transfer between the system and the
surroundings at constant pressure is represented by q,,

= A Energy \
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Quantify Energy on the Move

Ice Water Water Boiling Water

Heating Curve

\ AHJA\» \/

100 ()\\\\1’

perature [°C]
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Heating Curve

Temperature (°C)

Liquid vaporizing
Heat supplied

POLL: iClicker Question 8

The molar heat of fusion of Na is 2.6 kJ mol at its melting point,
97.5 °C. How much heat must be absorbed by 5.0 g of solid Na
at 97.5 °C to go through a phase change? Answer in Joules
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POLL: iClicker Question 9

How many “q” calculation steps are needed in order to
determine the amount of heat that must be absorbed by
50.0 g of ice at -12.0°C to convert it to steam at 120 °C.

a) 1step

Quantify Energy on the Move

We use a calorimeter to measure the heat flow in or out
of a system.
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Demonstration

Dissolve CaCl, in water

POLL.: iClicker Question 10

Look at the following physical change observed in the
calorimeter demonstration: lk‘

Hu) + @9 CaZ* o+ 2CI )

y Calorimetry

~ % 3 swa|  ACoffee Cup calorimeter measures the W\?"N(?
| transfer of heat at constant pressure.

(9, = AH)
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A alulitticuy

-~ % 5 wwa| A Coffee Cup calorimeter measures the ‘m)s»lf?
S transfer of heat at constant pressure.

(quAH)A/H = Z‘, = C AT B_ﬂ

Styrofoam
cups

Enthalpy and Internal Energy

Enthalpy is also proportional to the combination of
internal energy and work
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Enthalpy and Internal Energy
/\-"\/\/\/\

Enthalpy is also proportional to the combination of
internal energy and work

H=U+PV
AH = AU + A(PV

Enthalpy and Internal Energy

Enthalpy is also proportional to the combination of
internal energy and work
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Enthalpy and Internal Energy

Enthalpy is also proportional to the combination of
internal energy and work

AU=qg+w
Constant Volume Constant Pressure

What have we learned today?

Heat vs Thermal Energy
Quantify heat transfer

New Thermodynamic State Function AH =g
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Learning Outcomes

Calculate change in enthalpy for physical change in T and Phase
Change

Understand the concept of heat capacity, specific heat capacity and
molar heat capacity

Explain the difference between coffee cup calorimeter and bomb
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