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Temperature — What is it?

- Quantitati
Measure of how hot or cold something feels "= oo

or Qualitative?

Temperature is the average Kinetic Energy
of the molecules of a substance 1

The faster the particles move, the
more temperature __Increases

More velocity
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Temperature

Which rock has a higher temperature (average kinetic energy)?




Temperature Scales

It is important that we can quantify temperature

Water bolls

—— \Water Freezes

Absolute Zero

O\l 212 °F ) 100 °c ) 373«

: T : Io : f

]| | Fahrenheit | | Celsius ] ilcgl{\)/ins

H degrees ui degrees H

Hi || 32 °F H [ o0°c HH 273 «

3 i :

E H H

|| -459 °F Hl |[-273 °C :J| 0K
Fahrenheit Celsius Kelvin

Which temperature scale is
the most precise?

Fahrenheit (smallest increments)

On which temperature
scale(s) would an increase
of one degree be largest?

Celsius or Kelvin




Absolute Zero

At absolute zero, all molecules stop moving
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Celsius and Kelvin

T(KY=T(°C)+ 273

-40°C 233 K
0°C 273 K
22°C 295 K
100°C 373 K




Temperature Scales

0°
B

Fahrenheit

100°

1
Really cold outside

VS

Celsius

Really hot outside

0° 100°
l |
!
Fairly cold outside Dead
\ 4
Kelvin
0 100
L i
' 1
Dead Dead

[=] the_breadiord 2067 points 2 days ago™* (last edited 1 day ago) (3946]1881

Did you hear about the man who got cooled to absolute zero?
He's OK now.




Temperature

Which has a higher temperature?

Burning Match Ice Sculpture




Total Internal Energy

EINT — EK + EPM Potential Energy

I State of Matter
Kinetic Energy

Temperature




Internal Energy

Which rock has a higher internal energy?

Larger Rock

More mass means

larger total energy




Internal Energy

Which has more internal energy?

Burning Match Ice Sculpture

More Mass = Larger Total Energy




Heat is the transfer of thermal energy

Always flows from hot to cold




Heat Flow

Which is correct?

Heat flows from the Heat flows from the
hand to the ice cube ice cube to the hand




Heat Flow

W hy d oes h eat ﬂ OW? Fast moving particles collide with slow

moving particles and increase their velocity,
kinetic energy, and temperature

High Temperature  Low Temperature

Heat transfer >




Energy Is Energy

r/NoStupidQuestions
MrWaterplant 3.0k points 6 days ago

If kinetic energy is converted into thermal
energy, how hard do I have to slap a chicken to
cook it?




Lesson Takeaways




Specific Heat
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Conductors and Insulators

A material through which energy can be

Conductor easily transferred as heat

A material that transfers energy poorly

Insulator




Specific Heat

Specific Heat is the amount of Energy required
to raise the temperature of 1 kg of a substance by 1 K

390 J kgt K1




Specific Heat

The __Lower  the number, the less energy

it takes to heat up Soecific Hoat
1) Which substance take the most (J kglKl)

energy to heat up? Aluminum
W Copper 390
ater - 113
=P Lead 130
2) Which substance take the least
=P Water 4180
energy to heat up?
Air 1000
Lead Dry Earth 1250




Specific Heat

Which metal will heat up faster, Aluminum or lron?

: Specific Heat

Aluminum =P 9710

Copper 390
Iron =) 448
Lead 130

Water 4180
Air 1000

Dry Earth 1250




Specific Heat

If Iron heats up faster based on its specific heat,
then why do aluminum fry pans heat up faster?
More mass

Aluminum Skillet lron Skillet
C=910J kgt K? C=448 kgt K1




Specific Heat Equations

—

Heat
Energy

vass M [kg)

Specific 11—-1
eat c Ukg K]

Change in AT [K1 or [°C]

Temp




Specific Heat Calculations

How much energy is needed to increase the Specific Heat

temperature of 0.755 kg of iron 20 K? Ukg=K")
Aluminum 910
Q = mcAT = (0.755)(448)(20) Copner 150
lron 448

Q = 6,765]

Lead 130
How much energy must a refrigerator absorb Water 4180
from 0.225 kg of water to decrease the Air 1000
temperature of the water from 35°Cto 5 °C?  pryEarth 1250

Q = mcAT = (0.225)(4180)(5 — 35)
Q = —28,215]




More Specific Heat Calculations

Air has a density of 1.3 kg m=3 and a specific heat capacity of 1000 J kgt K. If 500 kJ
was transferred to a room of volume 80 m3, what was the temperature rise?

Q = 500,000] AT — Q _ 500,000
¢ =1000] kg~* K1 mc  (104)(1,000)
m =D xV = (1.3)(80) = 104 kg AT = 481K

How long will it take a 2.20 kW kettle to raise the temperature of 800 g of water from
16.0°C to its boiling point if the specific heat capacity of water is 4180 J kgt K1?

Q = mcAT = (0.8)(4180)(100 — 16) = 280,896 ]
2.2KkW = 2,200 W = 2,200] s~1

280,896]
2,200]s™1

128 s




Conservation of Heat

If our system is closed to the surroundings, heat must be conserved

; 4
% Heat energy lost
i - = by the metal
% pomad ¥ A,
Water Metal block
added at f,
n, - m, = _ Heat energy gained
Mass of Mass of Mass of by th e water
calorimeter calorimeter calorimeter,
and water water, and

metal block




Conservation of Heat

Heat energy gained by the water = heat energy lost by the metal

If you have 0.05 kg of water at 20°C and you put in 0.031 kg of an
unknown substance that is originally 100°C, you measure that the
final temp of everything is 25°C. What is the unknown metal?

Step 1: Find the Heat Energy of the Water Specific Heat of Water

4180 J kgt K1

Q = mcAT = (0.05)(4180)(25 — 20)

0 = 1,045 ]
e




Conservation of Heat

Heat energy gained by the water = heat energy lost by the metal

If you have 0.05 kg of water at 20°C and you put in 0.031 kg of an
unknown substance that is originally 100°C, you measure that the
final temp of everything is 25°C. What is the unknown metal?

' . Specific Heat (J/kg*K)
Step 2: Using the heat energy step one. Find mystery  water (liquia) 419

SpECiﬂC heat i\triiwn;nia (gas) ;gég
Ethanol (liquid) 2440

Aluminum 897

1,045 ] = mcAT = (0.031)(c)(100 — 25) R
| | {15 5]

— — Mercur 140

c=449] kg " K e




Lesson Takeaways




Latent Heat and
Heating Curves
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Review of Specific Heat

Q= meat

Heat
Energy

Mass m [kg]

Specific
Heat

Change in
Temp




Calculating Heat Transfer

How much heat energy is required to heat up 2 kg of liquid
water from its freezing point to its boiling point?

Q = mcAT = (2)(4180)(100 — O) Specific Heat of Water
0 = 836,000 ]

4180 J kgt K1

100°C

Temperature (°C)

(@)
°
(@)

Heat Added 836,000 J
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Why a Plateau?
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Adding Heat | Internal Energy

All heat added becomes _
internal energy ElNT o EK T EP

Changing the temperature of the solid, liquid, or gas?

Changing E¢ (Kinetic Energy)
Causing the substance to change phases?

Changing E; (Potential Energy)




Specific Latent Heat

Specific Latent Heat is the amount energy transferred when
1 kg of the substance changes phase at a constant temp.

Boiling or Condensing Latent Heat of Vaporization L,

Melting or Freezing Latent Heat of Fusion L

Specific Latent Heat for Water (H,0):
Latent Heat of Fusion 334,000 J kg

Latent Heat of Vaporization | 2,260,000 J kg




Specific Latent Heat Equation

Q=i

Heat
Energy *This equation works for
heat energy gained as well
M ass m [kg] as heat energy lost*

Specific L U kg_l]

Latent Heat




Heating Curve

100°C

Gas Changing Temy

Liquid Changing Temp

Temperature (°C)

o
°
(@)

Solid Changing Temp

Heat Added
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Q. = mcAT
/

=

o

o
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Temperature (°C)

Q
—

Heat Added




Heating Curve

Condensing
O 100°C g-------mmmmmmmm oo
g Vaporization
©
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o .
£ Freezing
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Rt <
0°C f--7

Melting/Fugion

Heat Added




Try This...

If the latent heat of fusion of a certain kind
of chocolate is 160,000 J kg!, how much
thermal energy is removed from you when a
10 g bar of chocolate melts in your mouth?

Q = mL = (0.01 kg)(160,000 ] kg™ 1)

Q = 1,600 ]




Specific Heat Combined

QtOtCll — mCAT + mL

___________________________________ e

[EEY
o
o

°
(@)

o

o

5

3 Sometimes, the heat that is added
= oc f----- is used to change temperature

AND cause a phase change

Heat Added




Try This...

How much heat is needed to transform 0.5 kg of ice at -20 °C into water at 50 °C ?

/ Specific Heat of Ice 2090 J kgt K1

Specific Heat of Water 4180 J kgt K1

Latent Heat of Fusion 334,000 J kg1

Qtotal =mcAT + mL + mcAT Latent Heat of Vaporization | 2,260,000 J kg

Heat Added

AT = 0°C — (—20°0C) AT = 50°C — 0°C
Q = (0.5)(2090)(20) + (0.5)(334,000) + (0.5)(4180)(50)
20,900 167,000 104,500

Q = 292,000 ]




Evaporation vs Boiling

e Occurs only at the surface of a liquid e Bubbles form throughout liquid
* (Can occur at any temperature * QOccurs at a precise temperature
(,/ Some molecules have a
- rd /4 KE high enough to escape _ Lo o A
and become a gas
X / s
'y
/ \ ' / ® gé
" A ogll i e e
y F|| i e
: / _— \ E i_
A \ — f 5 e P
o : ° %o e oo
When these faster molecules are lost, the KE is high enough for molecules to form
average KE of the liquid decreases, bubbles within the liquid

resulting in evaporative cooling




Example IB Questions

10. A solid piece of tungsten melts into liquid without a change in temperature. Which of the following
is correct for the molecules in the liquid phase compared with the molecules in the solid phase?

Kinetic energy Potential energy
A same greater
B. same same
C. greater greater
D. greater same

Changing the temperature of the solid, liquid, or gas?
Changing E, (Kinetic Energy)
Causing the substance to change phases?

Changing E, (Potential Energy)

11. The specific latent heat of a substance 1s defined as the energy required at constant temperature to

A.  change the phase.

B.  change the phase of 1kg.

C. change the phase of 1 m’.

D. change the phase of | kg every second.

L =2 [J kg]




Try This...

How much heat is needed to transform 1.4 kg of water at 23°C into water vapor at 120 °C?

/ Specific Heat of Water Vapor | 2000 J kgt K

Specific Heat of Water 4180 J kgt Kt

Temperature (°C)

ol Latent Heat of Fusion 334,000 kgt
Qtotqar = McAT + mL + mcAT

Latent Heat of Vaporization 2,260,000 J kg™

Heat Added

AT = 100°C — 23°C AT = 120°C — 100°C
Q = (1.4)(4180)(77) + (1.4)(2,260,000) + (1.4)(2000)(20)
450,604 3,164,000 56,000

Q = 3,670,604 ]




Lesson Takeaways




Kinetic Molecular Theory
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Kinetic Theory of Gases

ASS um ptlo ns: If these assumptions are true we have an
e Large # of identical molecules Ideal Gas

* Volume of molecules is negligible

* Motion is random —e _°®

* No forces between molecules \

+ Al collisions are elastic |
Kinetic Energy is conserved ./.»'
L,




Review of Momentum / Collisions

What is the force of this ball on the wall? u=8mst

Impulse = FAt = Ap / .

1

Av =16 ms™ .

_Ap _mlv _ (5)(16)

At At (0.2)

F

m =5 kg
At=0.25s

F=400N




Pressure

When many molecules collide with the sides of a
container it is measured as pressure

Force F IN] _ E
P
Area A [mz]
Pressure D IN m_z]z |Pa] Pascal




A brief interlude...




Units of Pressure

There are several different units used to
measure pressure of a gas

1 atm = 101,325 Pa =760 Torr = 760 mm Hg

1

100 kPa is a pretty good approximation




Atmospheric Pressure

What is the force from atmospheric pressure on this doormat?

(101,325 N m~2)(0.33 m?)

F=33100N

«
o1




Temperature Review

Measure of how hot or cold something feels K  °C
. . . Wl o ¥ %g w

Temperature is the average kinetic energy of s |
the molecules of a substance i |
. — Kelvin Scale (K)

3§50 2 £~ ol s R

¥ N - - 7 /.) N 233,15 -40

w9 ¥ "J J/-)‘_, 9 223,15 -50

* - v ‘r 9 A 9 ,)‘ J,‘J AbSOIUte 213,15 -60
N o | : ') ‘ 9 N «7\ $ 20315 70
-9 9 > i~ o 193,15 -80
L) IR Te m p e rat u re Absolutezer<183’1(5) i 23(3)




Average Kinetic Energy

kg — Boltzmann's constant

Ex = —kBT kp =1.38%x 10723 ] K~}

Average |=—"" [ ]
Kinetic Energy EK ]

Absolute T [K]

Temperature




IB Physics Data Booklet

Sub-topic 3.1 — Thermal concepts Sub-topic 3.2 — Modelling a gas
Q = mcAT F
pP= A
 =mL
N
n=—
Ny
pV = nRT
_ R
Ex=2kgTEZ —T
2 2 N,
Quantity Symbol | Approximate value
Acceleration of free fall (Earth’s surface) g 9.8l ms—?
Gravitational constant G 6.67 x 10-"'Nm? kg2
Avogadro’'s constant Ny 6.02 x 1023 mol—!
Gas constant R 8.31 JK'mol™!
Boltzmann's constant kg 1.38 x 10-23]K-!




Try This | 1

Calculate the average translational kinetic
energy of molecules in the air at 27°C

kg =1.38 x 10723 J K1
T =27°C+273 = 300K

_ 3 3 .
Eie = kT =5 (138 x 1072)(300)

E, =621x10721]
e




What is Kinetic Energy?

kg — Boltzmann's constant

EK — kB kp =1.38%x 10723 ] K~}

By = = mv?
Kk = 5 mv




Try This | 2

Calculate the average speed for oxygen molecules at 0°C.
(the mass of an oxygen molecule is 5.32 x 10%° kg)

m=5.32x%x 10726k
5 3 1

_ —23 -1 —
kg = :.38>< 10 J K Ek — —kBT — —mUZ
T = 0°C + 273 =273K 2 2

3 1
E(1.38 x 10723)(273) = 5(5'32 X 1072%)p?

1
5.62x 10721 ] = 5(5'32 X 10720)p? i
V=461 ms"




Which molecules move faster?

H, gas at 23°C O, gas at 23°C

_ 1
1 E, = Emvz 3

If the gases have the
same kinetic energy
(temp), the lighter one

1 . O 1 must be moving faster 1 6 | OO




Lesson Takeaways




The Mole
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Grouping ltems

We can use many different terms to describe the

amount of substance.

A pair of shoes

2 shoes

A dozen roses

Q roses

BONUS!

A Baker’s Dozen =13
A Score =20

A Gross =144




Counting Atoms

The primary counting unit for atoms is called

The Mole
1 mole= 6.02 x 1023 = N

This is also called Avogadro’s Number
named after the scientist who first
proposed this concept




o i o.’ld\!(.
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How Big is a Mole??

'AVOGADRO'S NUMBER

602,000,000,000,000,000,000,000
e




How Big is a Mole??

A Mole of Moles

What would happen if you were to gather a mole (unit of measurement) of Taken from the
moles (the small furry critter) in one place? “ ey
( ’ ) i book “What if?” by
—Sean Rice Randall Munroe

Things get a bit gruesome. ‘

SERIOUS SCIENTIFIC ANSWERS
to Absurd Hypothetical Questions

First, some definitions. A mole is a unit. It’s not a typical unit, though. It’s really just a number—
like “dozen” or “billion.” If you have a mole of something, it means you have

602,214,129,000,000,000,000,000 of them (usually written 6.022 x 10%%). It's such a big

number because it’s used for counting numbers of molecules, which there are a lot of.

whc’r ||:'P

HERE ARE 100 RANDALL MUNROE
MANY MOLECLES. creator of Xkcd



https://what-if.xkcd.com/4/

Using Moles in Chemistry

Atoms don’t weigh very much on their own:

1 Carbon Atom =1.9927 x10%3 g
0.00000000000000000000001992/ g

1 mole of Carbon Atoms =
(1.9927 x 1023 g) x (6.02 x 10%3) =

Where else have you seen |
this number for Carbon? |20




10.

Example IB Questions

The mole is defined as

A. L the mass of an atom of the isotope carbon-12.

B. the amount of a substance that contains as many elementary entities as the number of atoms in
12 g of the isotope carbon-12.

C. the mass of one atom of the isotope carbon-12.

D. the amount of a substance that contains as many nuclei as the number of nuclei in 12 g of the

isotope carbon-12.




VieIEIRYERS

Molar Mass — the mass of 1 mole of a substance

Unit g mol~
/ O 16
N S Molar mass of N = 14.01 g mol?
Nitrogen Sulfur
14.01 32.07 Molar mass of S = 32.07 g mol*
QO -3 -2




VieIEIRYERS

1 mole of copper can be
represented by this stack of
pure copper pennies

How many atoms are in 1
mole of copper?

6.02 x 1043 atoms




VieIEIRYERS

1 mole of copper can be
represented by this stack of
pure copper pennies

What is the mass of one
mole of copper?

63.55¢




VieIEIRYERS

1 mole of copper can be
represented by this stack of
pure copper pennies

What is the mass of one
atom of copper?

63.55¢g
6.02 X 1023 atoms

=1.05x10"% g 6355




More than one mole...

How much mass would 3 moles of Copper have?

E?J ¥ 3mol x 63.55 gmol™! =

Copper

190.65 g

How many moles are in 28 g of Nitrogen?

O 28 g

N

b | T40Tgmoll ~ 2 Mol

Q0O -3




Example IB Questions

11.  What is the mass of carbon-12 that contains the same number of atoms as 14 g of silicon-28?

14 g

j ii 28 g mol 2 = 0.5 mol

D. 24g 0.5molx12gmol ™t =6g¢g

11. A sample contains 4 g of helium and 20 g of neon. The mass number of helium is 4 and the mass
number of neon is 20.

number of atoms of neon

What is the ratio ?

number of atoms of helium 4 g
= 1 mol
A, 0.2 4 g m Ol —1
B
C. 5
D. 80 20 g

20 g mol~1 = 1 mol




More than one atom...

0 0 What is the mass of one mole of Magnesium Nitrate?
O N Mg N O Mg(NO) 12 9|7 <18
o) 0 M N O
3 2 Mag%esium

Nitrogen Oxygen
24.31 14.01 16.00
+2 OO -3 Q0O -2

Mg N O
(1 x 24.31) + (2 X 14.01) + (6 X 16.00)

= 148.33 gmol !




Lesson Takeaways




Gas Laws
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|deal Gas

Assumptions: No longer ideal when...

e Large # of identical molecules

* Volume of molecules is negligible
e Motion is random | ° Compressed
* No forces between molecules » Molecules close together

* All collisions are elastic

* Close to Phase Change
7 i « Allinternal energy is from E,

X
s -J‘-,\'\
Ty

i




Boyle’s Law | Volume and Pressure




Boyle’s Law | Volume and Pressure

When diaphragm contracts the lung Inspiration
volume increases, decreasing the air
pressure inside. With a pressure
differential, air flows into the lungs
(high pressure to low pressure)

Expiration

P lungs = 1-3 torr lower P lungs = 1-3 torr higher

/
~//
/
a//

| =8 .

&

Diaphragm
contracts

R

Diaphragm
relaxes




Pressure Law | Temp and Pressure

4 Temperature (4) Pressure D X T
[P

: t B, 100 —
‘ \ E 90 —
R N . - o B0
& 2@7‘; § I0-
¢ 50 —

? 40 o*

7 S 30 — «*®
E 20 _o*
t -
N 0=p I l I l |

A
f / N 0 100 200 300 400 500
ﬂ 3 i‘{}\?T Temperature (K)




Pressure Law | Temp and Pressure

When you spray, the pressure
wmane|  d€Creases dramatically and the
A()ﬁx temperature drops

l Pressurised container: protect from o
incandescent material Keep ava/*

and do not expose to tem peratures
"*“’”@ - No smoking. Use only 1 #

exceeding 50°C. Do not pterce or b
3. Do not spray towards e)’e-"

EXTREMELY FLAMMABLE
after use. Do not Spray on a naked =
aror OF REACH OF BABIES, CHILDREN AN

Au 0» l"mb

A ‘SﬂVent abuse can Www. explammalstuﬂ com
AL‘_

EXTRA SUPER HOUD

O ;"
R 2
Sl |

If temperature exceeds a certain
amount, the increasing pressure
could make a pressurized container
explode!




Charles’s Law | Temp and Volume

(%) Temperature (4) Volume VT

30 —

Volume (L)
— )
(=) (=)
| |

0 100 200 300
Temperature (K)




Charles’s Law | Temp and Volume

%{‘Ef

When the temperature of the air inside a
balloon decreases, so does the volume. (this
effect is even more dramatic when the gas
condenses into a liquid)




ldeal Gas Law




ldeal Gas Law

oY = nRT

Pressure ] latm]|

Volume | V4 [mS] |L]

Amount n [m()l]

Gas Constant
Temperature [" [K] R =8.31] K! mol!




IB Physics Data Booklet

Sub-topic 3.1 — Thermal concepts Sub-topic 3.2 — Modelling a gas
Q = mcAT F
p= A
 =mL
N
n=-—
Ny
pV = nRT
_ R
_ 3 3+
Quantity Symbol | Approximate value
Acceleration of free fall (Earth’s surface) g 9.8l ms—?
Gravitational constant G 6.67 x 10-"'Nm? kg2
Avogadro’'s constant Ny 6.02 x 1023 mol—!
Gas constant R 8.31 JK'mol™!
Boltzmann's constant kg 1.38 x 10-2*JK-!




Try This

What is the pressure of 23 mol of a gas behaving
ideally in @ 0.25 m? container at 310 K?

=7 pV = nRT
. fgffngi p(0.25) = (23)(8.31)(310)
R = 8.31] K mol-!
T =310K D = 237,000 Pa




Change in Volume

A

fixed mass|of an ideal gas has a volume of 0.14 m?3 at

301 K. If its temperature is increased to 365 K at the

Same pressure

pV = nRT

Rearrange so constants

are on one side

Vi nR

- what is its new volume, V,?

Vi V,  014m® 1,
T, T, 301K 365K

V, = 0.17 m3




Try This

A sample of ammonia|is found to occupy 0.250 L under
laboratory conditions of 27 °C and 0.850 atm. Find the volume of
this sample at 0 °C and 1.00 atm.

B p1V1  p2V>
pV — TLRT Tl B T2
e (0.850)(0.250) _ (1.00)(V5)
oV (27 +273) (0 +273)
S nR

- Vo, =0.19 L




Draw these graphs

pV = nRT

N7

V T T




Related Constants

Gas Constant
R =8.31] K! mol!
Ny
R 8.31 ] K1 mol™ 2%

_ _ 23 -1
E_ 138x1023 K1 6.02 X 10°° mol

Boltzmann' s constant
k,=1.38 x 1023 ] K




Average Kinetic Energy

o 3 —_ 3 R
Fy =3kpT = 35T

Same Constant Value

Boltzmann' s constant Gas Constant
kp=138x 1043 ] K1 R =831] K1 mol!




IB Physics Data Booklet

Sub-topic 3.1 — Thermal concepts Sub-topic 3.2 — Modelling a gas
Q = mcAT F
pP= A
 =mL
N
n=—
Ny
pV = nRT
_ R
Ex =S kgT =5 =T
Na
Quantity Symbol | Approximate value
Acceleration of free fall (Earth’s surface) g 9.8l ms—?
Gravitational constant G 6.67 x 10-"'Nm? kg2
Avogadro’s constant N, 6.02 X 1023 mol?
Gas constant R 8.31 JK'mol™!
Boltzmann's constant kg 1.38 x 10-2*JK-!




Lesson Takeaways




