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Systems

Chapter 13.1, 14 & 16



I. Thermal Energy and the 

Behavior of Matter

Energy can be transformed between many 

forms and to and from systems. Defining 

systems and analyzing how energy flows in 

these systems is important for both scientists 

and engineers. Thermodynamics is the 

relationship between heat and other form of 

energy, and the way energy can be transferred 

and transformed. 



Thermodynamic Systems (16.2)

Scientist and engineers define systems to help 

analyze situations solve problems. A system is 

the portion of the universe they are studying. 

Everything within the system’s boundaries is 

part of that system, and everything outside of 

the boundaries is part of the system’s 

surroundings, or its environment.



Thermodynamic Systems (16.2)

In a closed or isolated system, the system 

boundaries usually correspond to physical 

boundaries, such as the glass walls of a beaker. 

In a closed system, energy may cross the system 

boundaries, but matter does not.



Thermodynamic Systems (16.2)

In an isolated system, neither matter nor energy 

flows into or out of the system.



Thermodynamic Systems (16.2)

In an open system, both energy and matter can 

flow into and out of the system through its 

boundaries. The boundaries of an open system 

may or may not have corresponding physical 

boundary. 



Hot Air Balloons

Model: The hot air 

balloon is a system. 

Define the system by 

identifying the system 

boundaries. Show where 

matter or energy may 

cross the system 

boundaries, if applicable.

Draw on your notes. 



Analyze: A hot air balloon is an example of 

what type of system?

a. An open system, because both 

matter and energy can cross the 

system boundaries. 

b. A closed system, because 

energy can cross the system 

boundaries, but matter cannot.

c. An isolated system, because 

neither matter nor energy can 

cross the system boundaries. 

An open system, because both matter and energy can cross the system boundaries. 

•A closed system, because energy can cross the system boundaries, but matter cannot.

•An isolated system, because neither matter nor energy can cross the system boundaries. 
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How can the density of air in a 

balloon be made less than the 

density of the outside air?
• Heat the inside air

• The particles move 

faster - take up more 

space.

• Air inside maintains 

the same pressure as 

the outside air

• Voila -a lower density

• Up, Up and Away!



The Kinetic 

Molecular Theory 

and Gases
Warm Up:  How does a hot air 

balloon stay afloat?  



How can the density of air in a 

balloon be made less than the 

density of the outside air?
• Heat the inside air

• The particles move 

faster - take up more 

space.

• Air inside maintains 

the same pressure as 

the outside air

• Voila -a lower density

• Up, Up and Away!



Chemistry Never Sucks!



Chemical Energy and the Universe

 Thermochemistry is the study of heat 

changes that accompany chemical 

reactions and phase changes.

 In thermochemistry, the system is the 

specific part of the universe that contains 

the reaction or process you wish to study.



Chemical Energy and the Universe

 Everything in the universe other than 

the system is considered the 

surroundings. 

 Therefore, the universe is defined as 

the system plus the surroundings.

universe = system + surroundings 



I.  The Kinetic Molecular Theory

1. An ideal gas is composed of constantly 

moving particles.

2. The particles are so far apart that most of a 

gas is empty space.

The kinetic-molecular theory is a model 

based on five assumptions that explain the 

properties of gas an ideal gas. 



I.  The Kinetic Molecular Theory

3. The particles exert negligible forces on 

each other.

4. Collisions between particles or between 

particles and the container wall are elastic, 

which means there is no loss of total 

kinetic energy. 

5. Gas temperature is directly proportional to 

the particles’ average kinetic energy. 



Ideal vs Real Gases –

see warm up (14.3)



Kinetic Energy and Molar Mass



The absolute temperature of a gas is a 
measure of the average kinetic energy.

• Some molecules will have less kinetic 
energy or more kinetic energy than the 
average  (distribution). 



There is a spread of individual energies 
of gas molecules in any sample of gas.

As the temperature increases, the 
average kinetic energy of the gas 
molecules increases.

As kinetic energy increases, the velocity 
of the gas molecules increases.





III. Pressure: (measurable property of a gas)

A. Definition: pressure =force/area

Example: Force of gravity of person

Large area, low pressure



B. Atmospheric Pressure

1.  Pressure exerted by air

What is in air?

78% N2,  21%O2, 1% other

“Sea of Air”

1 sq. in 

= 14.7 

PSI



B. Atmospheric Pressure

1.  Pressure exerted by air

First four miles = 

50% of atmosphere

Next 10 miles = 90% of atm

Next 20 miles = 99% of 

atmosphere



B.  Measuring Pressure

1.  Atmospheric pressure is measured with a 

Mercury Barometer



C.  Measuring Pressure

1.  Atmospheric pressure

If a tube is completely filled with mercury 

and then inverted into a container of 

mercury open to the atmosphere, the 

mercury will rise 760 mm up the tube.



Vacuum 

with 

some 

Hg 

vapors

760 mmHg

Air 

pressure



Atmospheric pressure 

decreases with increasing 

altitudes.

What happens to barometric pressure at 
altitudes?



• ____________________________ mm Hg 

• ____________________________  atm

• ____________________________ torr (Torricelli)

• ____________________________ kPa (Pascals) (N/m2)

• ____________________________ Bar

____________________________ Inches

760

1

760

101.325

1.013

Sea level on a normal day – Standard atmospheric 
pressure is the pressure required to support 760 
mm Hg in a column.

29.95



2.  Manometer – used to measure gas pressure

a. gas confined in a container is found to exert 

pressure on the walls of the container

b. measuring gas pressure using a manometer

1. If the level rises the gas pressure is 

greater than the atm. Pressure

2. If the level falls the gas pressure is lessr 

than the atm. pressure 

3. In order to find the gas pressure you 

must add or subtract the difference 



760 mm Hg

Start



5
0
 m

m
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g

Pgas 760 + 50 = 810 mm Hg

760 mm Hg



2
0
 m

m
 H

g

760 mm Hg

Pgas 760 - 20 = 740 mm Hg



III. Relationships among properties of gases

A.  Charles’s Law:  The 
volume of a gas is 
directly proportional to 
the temperature of the 
gas.          V = k 

T

such as when a hot-air balloon expands when heated





III. Relationships among properties of gases

 Increase volume caused by increase in 

temperature Temperature (K)

 When the temperature is doubled the 

volume is ?

 Temperature is measured in Kelvins

doubled



What do we call the coldest 

temperature?

TIME OUT! What’s a Kelvin? 

How cold is cold?

Absolute Zero! When all 

molecular motion stops



Is volume directly proportional with Celsius?

NO



Is volume directly proportional with 

Kelvin?

Yes



III. Relationships among properties of gases

Temperature in Kelvin =  C  +  273

Water freezes at? 273k

Water boils at? 373k



Charles Law – example:

A sample of gas has a volume of 79.5 mL at 45 C. What volume 

will the sample occupy at 0 C?

Charles Law  V1 = V2

T1 T2

Charles Law 79.5 ml = V2

45 + 273 0 +273

79.5 ml = V2

318 273

(79.5)(273) =V2

318

V2 = 68.3 mL



B.Boyle’s Law - relationship between 
volume and pressure

Weather balloons are used as a practical 
application of the relationship between 
pressure and volume of a gas.

– As the weather balloon ascends, the 
volume increases.

– As the weather balloon gets further from 
Earth’s surface, the atmospheric pressure 
decreases.



B.  Boyle’s Law - relationship between volume 
and pressure

Volume is reduced, 

particles of gas 

become more 

concentrated and 

strike the wall of the 

container more 

often. Increase 

number of collisions 

results in greater 

pressure.

1 atm

22.4 L

2 atm

11.2 L

4 atm

5.6 L



1 atm

22.4 L

2 atm 4 atm

11.2 L
5.6 L

Volume pressure constant

22.4 L 1 atm 22.4 atm*L

11.2 L 2 atm 22.4 atm*L

5.6 L 4 atm 22.4 atm*L



Volume is 
inversely 
proportional to 
pressure

P•V = k 

P1V1 = P2V2



According to Boyle’s law, when the volume 

of the lungs increases, the pressure 

decreases.  Therefore, the pressure inside the 

lungs is less than atmospheric pressure.

–Atmospheric pressure then forces air into 

the lungs until the pressure once again 

equals atmospheric pressure.



–As we breathe out, the diaphragm moves 

up and the ribs contract.  Therefore, the 

volume of the lungs decreases.

–By Boyle’s law, the pressure increases and 

air is forced out.



Boyles law
Example: What volume will 50.0 mL of 
gas at 725 torr occupy if the pressure is 
increased to 760 torr?

P1V1 = P2V2

Info:

V1 = 50.0mL

P1 = 725 torr

V2 = ?

P2 = 760 torr

(725)(50.0) = (760)(V2)

V2 = 47.7 mL

Is this reasonable?

P up, V down





III relationships: (write on top of page 4)

Gay Lussac’s Law:  The 

pressure of a gas is 

directly proportional 

to the temperature (K) 

of the gas.

Example: If the pressure inside a grain

elevator is 760 mm Hg at 22°C, what 

would be the new pressure at 400°C?
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Gay Lussac  

Example (not on notes): If the pressure inside a 

grain elevator is 760 mm Hg at 22°C, what  would 

be the new pressure at 400°C?



III. Mathematical relationships: cont.

C.  Combined Gas Law

P1V1 = P2V2

T1 T2

Example:  A sample of gas has a volume of 75.O mL at a temp of 

25.6 C and a pressure of 1.2 atm. What will its volume be if the 

pressure is increased to 1.8 atm and the temperature is lowered to -

10.0 C? 



Example:  A sample of gas has a volume of 75.O mL at a temp of 

25.6 C and a pressure of 1.2 atm. What will its volume be if the 

pressure is increased to 1.8 atm and the temperature is lowered to -

10.0 C? 

P1V1 = P2V2

T1 T2

Info:

P1 = 1.2 atm

V1 = 75.0 mL 

T1 = 25.6 + 273 

P2 = 1.8 atm

V2 = ?

T2 = -10.0 + 273

(1.2)(75) = (1.8)(V2)

(298.6)        (263)

V2   =  44 mL



IV. Dalton’s Law of Partial Pressure
Since gas molecules are so far apart, we 

can assume they behave independently.

Dalton observed: 

•The total pressure of a mixture of gases 

equals the sum of the pressures that each 

would exert if present alone.  

•Partial pressure is the pressure exerted 

by a particular component of a gas 

mixture. 



IV. Dalton’s Law of Partial Pressure
Daltons Law: The total pressure is the sum of the pressures created by 

the gases in the mixture.

Ptotal = Pa + Pb + Pc + .... + Pn
n = total number of gases in the mixture.

1000 torr 600 torr 300 torr 100 torr



Dalton’s Law
• So - what’s 

the point? --

Gas particles 

do not 

interact with 

one another!  

(you knew 

that…)



Dalton’s Law

Ex: You’ve collected 40.0 
ml of H2 using water 
displacement. 

Answer:  745.0 - 19.8mm Hg = 725.2 mm Hg

745 

mmHg

19.8 

mmHg

H2

Temperature = 22.5 °C  
Pressure = 745 mm Hg.

Water vapor is mixed in 

with the hydrogen.  What 

pressure can be attributed 

to just the hydrogen?
(hint: you need to use a 

water vapor pressure table)

http://www.youtube.com/watch?v=Ol-2JN01Cfo


Concentrated 

HCl
Concentrated 

NH3



V. Graham’s Law of Diffusion

1. Diffusion – movement of material 
from an area of high concentration 
to an area of low concentration

2. Graham’s Law: Under the same 
conditions of temperature and 
pressure, gases diffuse (effuse) at a 
rate inversely proportional to the 
square roots of their densities or 
molecular masses. 



The average kinetic energy of a gas is related 

to its mass: KE = ½mu2

Two consequences of the dependence of 

molecular speeds on mass are:

Effusion is the escape of gas molecules 

through a tiny hole into an evacuated 

space.

Diffusion is the spread of one substance 

throughout a space or throughout a 

second substance.



V. Graham’s Law of Diffusion

Effusion 

of a gas



Graham’s Law of Effusion

• The rate of effusion can be quantified.

• Consider two gases with molar masses 

M1 and M2, with effusion rates, r1 and r2, 

respectively:  

• The relative rate of effusion is given by 

Graham’s law:

• Video

• Animation

https://www.youtube.com/watch?v=S9yuoLkfI3E
https://www.youtube.com/watch?v=GRcZNCA9DxE


Concentrated 

HCl

Concentrated     

NH3

Smaller 

molecules 

move faster

36.5 g/mole 17.0 g/mole



VI. Avogadro’s Law and the Mole

1. Why should all the gases behave the same 
way under pressure? (Boyles)

2. Why should they behave the same when 
heated? (Charles)

3. Equal volumes of different gases contain 
equal number of particles. (Avogadro)

4. The mole at STP, has molar volumes

STP (standard temperature and pressure)

Standard Pressure:  760 mm Hg, 1 atm.

Standard Temperature: 273K



The Quantity-Volume Relationship: 

Avogadro’s Law

Gay-Lussac’s law of combining volumes: At a given 

temperature and pressure the volumes of gases 

that react with one another are ratios of small 

whole numbers.



Avogadro’s Law
• The volume of a gas at constant temperature and 

pressure is directly proportional to the number of 

moles of the gas.

• Mathematically, this means V = kn



Avogadro’s hypothesis: Equal volumes of gases 

at the same temperature and pressure contain 

the same number of molecules.



Avogadro’s law: The volume of gas at a given 

temperature and pressure is directly 

proportional to the number of moles of gas.

We can show that 22.4 L of any gas at 0°C and 1 

atmosphere contains 6.02 x 1023 gas molecules.



VII. The Ideal Gas Law (14.3)

1. Gases that conform exactly to the kinetic 
theory are called ideal gases.

a. in order to conform exactly, they 
would have to be points without volume and 
have absolutely no attraction for each other.

b. Real gases tend to deviate from 
ideal behavior, ESPECIALLY under conditions 
of high pressure and low temperature.



Exceptions to the rules:  Not all 

gases act ideally.

Ideal Gases

• Follow KMT   

• Never liquify

Gases act ideally under:

Real Gases

• Act real when particles are 

attracted to each other.

• If attraction occurs, volume is less 

than expected.

Gases act real under:

Low Pressure, 

High Temperature

High Pressure,

Low Temperature



The Ideal Gas Law 

PV=nRT P = pressure

V = Volume

n = # of moles of gas

T = temp. in K

R = gas constant 62.4 

mmHgL/moleK

Or R= 0.0821 atm L/mole

K



Mathematical Relationships!

Ideal Gas Law   PV = nRT

n = number of moles

R = Ideal Gas Law Constant  

0.0821 atm · L or   62.4 mm Hg · L 

mol · K mol · K



Ideal-Gas Equation

The constant of 

proportionality is 

known as R, the gas 

constant.



Mathematical Relationships!

Put all of the variables together 
and you get:

R= PV

nT
Solve for R? 

R= 760 mmHg · 22.4L

1 mole · 273K

R= 62.4 mmHg ·L

mole ·K

R= 1 atm · 22.4L

1 mole · 273K

R= 0.0821 atm ·L

mole ·K



Example: A 2.00  liter  flask is filled with 

propane gas (C3H8) at 1.00 atm. and 15.0°C. 

How many moles of propane will be in this 

flask? PV= nRT

Solve for n? 

(1 atm) (2.00 L)  = n (.0821)(15.0 + 273K)

n = (1 atm) (2.00 L)

(.0821)(288)

n = 0.0846 moles



What is the mass of the propane in 

the flask? C3H8

3 (12) + 8 (1.0) = 44 g/mole

0.0846 moles X 44.0 g/mole  = 

n = 3.72 g


