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The particles move
rapidly and collide

constantly.

Particles occupy a
small part of the
total volume.

Little mutual attraction
or repulsion between
particles

Collisions cause changes
in direction and velocity.



Gas

Model

e Gases are composed of tiny,
widely-spaced particles.
— For a typical gas, the average

distance between particles is about
ten times their diameter.



Gas Model

(cont.)

— e == = ——
L) —— —

e Because of the large distance between the
particles, the volume occupied by the
particles themselves is negligible
(approximately zero).

— For a typical gas at room temperature and
pressure, the gas particles themselves
occupy about 0.1% of the total volume.
The other 99.9% of the total volume is
empty space. This is very different than
for a liquid for which about 70% of the
volume is occupied by particles.



Gas Model

(cont.)

e The particles have rapid and
continuous motion.

— For example, the average velocity of a
helium atom, He, at room temperature is
over 1000 m/s (or over 2000 mi/hr). The
average velocity of the more massive
nitrogen molecules, N,, at room
temperature is about 500 m/s.

— Increased temperature means increased
average velocity of the particles.



Gas Model

(cont.)

e The particles are constantly colliding
with the walls of the container and with

each other.

— In a typical situation, a gas particle moves
a very short distance between collisions.
Oxygen, O,, molecules at normal
temperatures and pressures move an
average of 10~ m between collisions.



Gas Model

(cont.)

e There is no net loss of energy in
the collisions. A collision between
two particles may lead to each
particle changing its velocity and
thus its energy, but the increase In
energy by one particle is balanced
by an equal decrease in energy by
the other particle.



|deal Gas

Assumptions

e The particles are assumed to be
point-masses, that is, particles that
have a mass but occupy no
volume.

e There are no attractive or repulsive
forces at all between the particles.



Gas Pressure

* Pressure (P) = Force/Area

« (Gas particles are constantly colliding with the walls of
their container, and each time a particle hits a wall, it
exerts a force against the wall.

* This force is proportional to its momentum, which is
mass times velocity.

— A more massive particle moving at a given velocity
will exert more force against the wall.

— A faster moving particle exerts more force against
the wall than a slower moving particle of the same
mass.

Force due to particle collisions with the walls

Area of the walls

Gas pressure =



Gas Properti  rer
and their Units .

Pressure (P) = Force/Area
— units
« 1 atm =101.325 kPa = 760 mmHg = 760 torr
« 1 bar =100 kPa = 0.9869 atm = 750.1 mmHg
Volume (V)

— unit usually liters (L)

« Temperature (T)
- ?7K=--°C +273.15
* Number of gas particles expressed in moles (n)



Gas Law

Objectives

* For each of the following pairs of gas
properties, (1) describe the relationship
between them, (2) describe a simple
system that could be used to demonstrate
the relationship, and (3) explain the reason

for the relationship.
 \V and P when n and T are constant

« P and T when n and V are constant
 VV and T when n and P are constant
 n and P when V and T are constant
 nand V when P and T are constant




Apparatus for De salinee. . .
Relationships o

Properties of Gases —

Movable piston

Valve to add

and remove gas

Thermometer
\ /

I/

\

S22 Pressure gauge
= 7

/1|




Pressure

Decreased Volum e
Leads to Incré e

A constant number
of gas particles

Volume

decreased
Constant

temperature

<2\ Increased
2.5 pressure

Po«1/V ifnand T are constant

https://preparatorychemistry.com/Boyles Law Canvas.html
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Relationship

between
Pand V

Decreased volume

\
number of gas particles

Increased :
volume of container
v
Increased number of particles close to any area of wall
v

number of collisions per second

Increased
area of wall

force due to collisions

Increased
area of wall

M
Increased gas pressure




Boyle' s

Law

* The pressure of an ideal gas is inversely
proportional to the volume it occupies if
the moles of gas and the temperature
are constant.

P oc % if n and T are constant



Increased Tempe

| eads to Incre
Pressure

Constant number
of gas particles

Piston locked
in position

Heat added

Constant volume

Increased temperature

Q7

=y 2) Increased pressure
AN

PoT IifnandV are constant

https://preparatorychemistry.com/Gay Lussacs Law Canvas.html
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Relationship
between P and B

Increased temperature

v

Increased average velocity of the gas particles

¥
Increased number of h Increased force per collision

collisions with the walls /

Increased total force of collisions

v

force due to collisions

Increased
area of wall

v

Increased gas pressure




Gay-Lussac:

Law

* The pressure of an ideal gas is directly
proportional to the Kelvin temperature of
the gas if the volume and moles of gas
are constant.

Po T if Vandn are constant



Increased Ie o
Leads to Increa ime -

Constant number
of gas particles

Piston free to move

Increased
volume

Increased
temperature

3, Constant

“15/ pressure

Vol ifnandP are constant

https://preparatorychemistry.com/Charles Law Canvas.html
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Relationship

between T and

Increased temperature

!

Increased average velocity of the gas particles

Increased number of Increased force per collision

collisions with the walls /
.

Initial increase in force per area—that is, in pressure

A 4

Inside pressure is greater than external pressure

Y

Container expands — | Increased volume

A 4

Decreased pressure until the inside pressure equals the external pressure




Charles’

Law

* For an ideal gas, volume and
temperature described in kelvins are
directly proportional if moles of gas and
pressure are constant.

Vo T ifnandP are constant



.-

Increased I\/Iol_es 0 B
Gas Leads tO"S o

Increased Presse___;? | m—

e
e

e —

—

Piston locked Constant
in position

A Increased
"5/ pressure

Poxn IfTandV are constant

https://preparatorychemistry.com/Moles Pressure Law Canvas.html
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Relationships

between n and

Increased number of gas particles

!

Increased number of collisions with the walls

!

Increased total force of collisions

!

Increased gas pressure




Relationship Betw B
Moles of Gas* - .
Pressure —

* |If the temperature and the volume of an
ideal gas are held constant, the moles of
gas in a container and the gas pressure

are directly proportional.

Pon if TandV are constant



Increased Moles.0
Gas Leads to"

Increased volume

Constant
temperature

Voan IfTandP are constant

https://preparatorychemistry.com/Avogadros Law Canvas.html
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Relationship

between n and

Increased number of gas particles

Increased number of collisions with the walls

\

Increased total force of collisions

Initial increased in force per area - that is, in pressure

v

Inside pressure is greater than external pressure

\

Container expands —»

Increased volume

Decreased pressure until the inside pressure equals the external pressure




Avogadro' s

« For an ideal gas, the volume and moles
of gas are directly proportional if the
temperature and pressure are constant.

Von if Tand P are constant



Engines and Pressure

The combustion of the gasoline leads to an increase in
moles of gas, which also causes the gas pressure to increase.

Decreased volume leads to The reaction is exothermic, so the temperature
increased gas pressure inside of the product gases increases, contributing to
the cylinder. \ the increased gas pressure.

Gaseous gasoline
mixed with air
moves into the
cylinder.

1 2 3 4 ——— 'The increased pressure pushes the piston
down, turning the crankshaft and
ultimately the car's wheels.

: —— Cylinder

Piston

Crankshaft

Sample reaction: 2CgHq5(g) + 2505(g) — 16CO5(g) + 18H,0(g) + energy
27 moles of gas — 34 moles of gas



Breathing

External
__—Pressure —101.3 kPa
f _ 101.3 kPa 100.9 kPa
Diaphragm

The diaphragm contracts, and the chest
expands, causing the lungs to expand.
The increased volume decreases the
pressure in the lungs to below the
external pressure, causing air to move
into the lungs faster than it moves out.

101.7 kPa — 101.3 kPa

T -

The diaphragm relaxes and the chest
returns to its original volume, causing
the lung volume to decrease.

This increases the pressure in the lungs,
causing air to move out of the lungs
faster than it moves in.



.-

Four types of e—
Gas Problems R o, @

—— S < =
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 |deal gas equation problems.
 Combined gas equation problems
« (Gas stoichiometry problems

» Dalton’s Law of partial pressures
problems



Algebraic & e
Approach to ‘ & ®
Problem Solving

* Write down the values you are given,
assigning variables to each.

* Write the appropriate equation.
« Solve for the variable of your unknown.
* Plug in values given, including their units.

» Cancel units and if necessary, do unit
conversions to get the units to cancel.

* Do the calculation and report your answer
with the correct significant figures and unit.




* |f your units cancel to yield the
correct unit or units, you know that
you...

— used the correct equation,
— did the algebra correctly,

—and did all the necessary unit
conversions.



|deal Gas

Equation
Derivation

Pocn if Tand Vare constant ”
. < 7
Poc T if wand Vare constant P oc ==

|4

1 . «
Poc — if nand 7 are constant

V

P = (a constant) %T PV = n(a constant) 7’

0.082058 L - atm 8.3145 L « kPa

PV =unRT R-=
" K « mol of K« mol




Expanded lde

Gas Equation

PV = wRT R - 0.082058 L » atm 8.3145 L+ kPa

K « mol of K« mol
B [ 1mol) _ grams mass in grams g
7 = moles = g( — g,) - grams  molar mass M
mole

PV = %RT g=mass M = molar mass



ldeal Gas Eq

Problems

» Tip-off — The usual tip-off that you
can use the ideal gas equation to
answer a question is that you are
given three properties of a sample of
gas and asked to calculate the fourth.
A more general tip-off is that only one
gas is mentioned, there’s not chemical
reaction mentioned, and there are no
changing properties.



ldeal Gas Eg

Problem Ste

« Step 1: Assign variables to the
values given and the value that is
unknown. Use P for pressure, V for
volume, n for moles, T for
temperature, g for mass, and M for
molar mass.



|deal Gas Eg W
Problem Step

_ e —

—

—
T — ———

« Step 2: Write the appropriate form of the

|deal Gas Equation.

— If the number of particles is given or desired in
moles, use the most common form of the ideal
gas equation.

0.082058 L « atm 8.3145 L « kPa

K« mol o K+ mol

— If mass or molar mass is given or desired, use the

expanded form of the ideal gas equation.

PV = %RT g=mass M = molar mass

PV =nuRT R-=




Ideal Gas Eq A '
Problem Steps*® .

» Step 3: Rearrange the equation to isolate
the unknown.

» Step 4: Plug in the known values,
iIncluding units. Be sure to use kelvin
temperatures.

* Step 5: Make any necessary unit
conversions and cancel your units.

* Step 6: Calculate your answer and report
it to the correct significant figures and with
the correct unit.




* Most incandescent light bulbs contain
argon, but krypton gas does a better job
than argon of slowing the evaporation of the
tungsten filament in the light bulb. Because
of its higher cost, however, krypton is only
used when longer life is considered to be
worth the extra expense. How many moles
of krypton gas must be added to a 175-mL
incandescent light bulb to yield a gas
pressure of 117 kPa at 21.6 °C?



How many moles of krypton gas must be added to a
175-mL incandescent light bulb to yield a gas pressure
of 117 kPa at 21.6 °C?

n=? V=1/5mL P =117 kPa
I'=216°C +273.156=294.8 K

PV =nRT
PV 117 kP3a (175 ml) ( 1 E J
7N = — =
. 3
RT (8.3145& kpz)z%gk 103 pl,
K+mol

- 8.35x1073 mol



What is the volume of an incandescent light bulb that
contains 1.196 g Kr at a pressure of 1.70 atm and a
temperature of 97 °C?

V=2 g=1.196g P=1.70 atm
T=97°C +273.15=370K

PV = %RT g=mass M = molar mass

0.082058 L -atar

1.196%( ) 370 k
o SRE K- mot - 0.255 L Kr

PM g
(1 .70 a—t—m) 83.80 m—(ﬂ,




What is the density of krypton gas at 18.2 °C and 762
mmHg?

v =? T=182°C +273.15=2914K P =762 mmHg

PV = %RT g=mass M = molar mass

83.80 g

¢ PM 762“‘“*%(1%1) ( 1 ate )
V. RT (0.082058 L°a,pm) 60 mmHg
K+ mel

=3.51 g/L

7
291.4K



Combined Gas

Law Equation t | ol

Derivation




« Tip-off — The problem requires calculating
a value for a gas property that has
changed. In other words, you are asked to
calculate a new pressure, temperature,
moles, or volume of gas given sufficient
information about the initial and final of the

other properties. A more general tip-off is
that only one gas is mentioned, there’'s no
chemical reaction mentioned, and there
are changing properties.



Combined Gas g -
Equation Prol .
Steps 1 and 2

« Step 1: Assign the variables P, T, n, and V
to the values you are given and to the
unknown value. Use the subscripts 1 and 2
to show initial or final conditions.

« Step 2: Write out the combined gas law
equation, and eliminate the variables for
any constant properties. (You can assume
that the properties not mentioned in the
problem remain constant.)



Combined G

Equation Pro
Steps 3-6

« Step 3: Rearrange the equation to
iIsolate the unknown property.

« Step 4: Plug in the values for the
given properties.

» Step 5: Make any necessary unit
conversions and cancel your units.

« Step 6: Calculate your answer and
report it with the correct units and
significant figures.



.

* A helium weather balloon is filled in
Monterey, California, on a day when the
atmospheric pressure is 102 kPa and the
temperature is 18 °C. Its volume under
these conditions is 1.6 X 104 L. Upon being
released, it rises to an altitude where the
temperature is -8.6 °C, and its volume
increases to 4.7 X 10% L. Assuming that the
internal pressure of the balloon equals the

atmospheric pressure, what is the pressure
at this altitude?



Example 4

A helium weather balloon is filled in Monterey, California, on a day when
the atmospheric pressure is 102 kPa and the temperature is 18 °C. Its
volume under these conditions is 1.6 X 104 L. Upon being released, it rises
to an altitude where the temperature is -8.6 °C, and its volume increases
to 4.7 X 104 L. Assuming that the internal pressure of the balloon equals
the atmospheric pressure, what is the pressure at this altitude?

P,=102kPa T,=18°C +273.15=291K V,=1.6x104L
P,="? T,=-8.6°C+273.15=264.6 K V,=47x10%L

PV PV, PV PV P, - PV T
m1y  md) 17 Ip) W1

) 7, \[ V; 264.6K)(1.6x104—k) )
Pz—Pl(Tl)(V2)=103kPa( 291K 47)(104—11 —32kPa



Measurable Property and Moles

Measurable property

Mass for (s) and (1)

Volume of solution for (aq)

Volume of gas for (g)

49

Molar mass

Moles

Moles of pure substance

Moles of solute

Moles of gas




Conversion e ...
between mole‘u o

and volume of gas_

*‘_—‘
— ——

* Using molar volume at STP (only for STP
which is rare)

* Using the Ideal Gas Equation

PV _ nRT
"= RT ="
« R as a conversion factor
Kemol or 8.3145 LekPa
8.3145 LekPa Kemol
Kemol 0.082058 Leatm

0.082058 Leatm . Kemol



Standard Tempe B
and Pressure "
and Molar Voluq — W

« Common: 0°C (273.15 K) and 1 atm

8.3145 L-kPar)
V _ RT _ ( K+ mol (273.15K) _ (22.414L)
” P 101.325 kPx 1 mol Jstp

* Correct: 0 °C (273.15 K) and
1 bar (100 kPa)

8.3145 L°lePar)
V. _ RT _ ( Kemol )22 K _ (22.711L)
7 P 100Px 1 mol Jstp



Equation

Stoichiometry

Start here when

.. Mass substance 1 Mass substance 2
mass is given.

A

Start here when volume Molar mass 2
of solution is given.

Volume of solution 1 Volume of solution 2

Molar mass 1

Molarity 2
Molarity 1 -
olarity ) (coefthicient 2) mol 2 Can be converted
(coeffficient 1) mol 1 into mass, into
> m <— volume of solution,
This is the core of any or into volume of
equation stoichiometry gas
R as a conversion problem.
factor PV R as a conversion \ o /= nRT
or n= E factor r
Volume of gas 1 | Start here when volume Volume of gas 2

at Py & Th of gas is given. at P, & 75




Example 1

Iron is combined with carbon in a series of reactions to form pig
iron, which is about 4.3% carbon. The first step in this process
IS the reaction of carbon with oxygen to form carbon monoxide.
For this reaction, what is the maximum volume of carbon
monoxide at 105 kPa and 35 °C that could form from the
conversion of 8.74 X 10° L of oxygen at 99.4 kPa and 27 °C?

Start here when
mass is given.

Mass substance 1

Start here when volume
of solution is given.

Volume of solution 1

Molarity N‘

Molar mass 1

(coeffficient 2) mol 2

Mass substance 2

(coeffficient 1) mol 1

R as a conversion
factor PV
or n=——
RT

Volume of gas 1
at P1 & Tl

problem.

Start here when volume

of gas is given.

This is the core of any
equation stoichiometry

gas
Ras a conversion \ o V/= nRT
r

factor

Molar mass 2

Volume of solution 2

//Iolarity 2
Can be converted

into mass, into
@ <«— volume of solution,
or into volume of

Volume of gas 2
at P & Tz




Example 1

The first step in this process is the reaction of carbon with
oxygen to form carbon monoxide. For this reaction, what is the
maximum volume of carbon monoxide at 105 kPa and 35 °C

that could form from the conversion of 8.74 x 10° L of oxygen
at 99.4 kPa and 27 °C?

« Conversion from units of one substance to
units of another substance, both involved
In a chemical equation, so it's equation
stoichiometry.

* Write a balanced equation.
2C + O, — 2CO



Example 1

For this reaction, what is the maximum volume of carbon monoxide at

105 kPa and 35 °C that could form from the conversion of 8.74 x 10° L of
oxygen at 99.4 kPa and 27 °C?

2C + 0, — 2CO

« Convert from the units of substance 1 you have to
moles substance 1.

Ia% 99.4 kP (8.74 x 10° k)

n~ = =
2 BT ( 8.3145 o+ kPa )(300 K
K+*mol

- 3.48 x 104 mol O,




Example 1

For this reaction, what is the maximum volume of carbon monoxide at

105 kPa and 35 °C that could form from the conversion of 8.74 x 10° L of
oxygen at 99.4 kPa and 27 °C?

2C + 0, — 2CO

. PV 99.4XkPx(8.74 x 10° k)
RT ( 8.3145 -+ kPa J (300 )
K*mol

 Convert from moles of substance 1 to moles
substance 2.

- 3.48 x 104 mol O,

2 mol CO
1 melO5

> mol CO = 3.48 x 10% mel-O3 ( ) = 6.96 x 10* mol CO



Example 1

For this reaction, what is the maximum volume of carbon monoxide at

105 kPa and 35 °C that could form from the conversion of 8.74 x 10° L
of oxygen at 99.4 kPa and 27 °C?

2C + 0, — 2CO

2 mol CO
1 melO5

 Convert from the moles of substance 2 to units of
substance 2 that you want.

> mol CO = 3.48 x 10% mel-O3 ( ) = 6.96 x 10* mol CO

8.3145 L*kPa
6.96><104—mo’r( )14 )308&

Vo = _ K * mof _1.70 x 105 L CO
P 105 kPa-




Example 1

For this reaction, what is the maximum volume of carbon monoxide at

105 kPa and 35 °C that could form from the conversion of 8.74 X 10° L of
oxygen at 99.4 kPa and 27 °C?

2C + 0, — 2CO
« Or unit analysis, using R as a conversion factor.

L. CO=8.74x10°L O,

2L CO =8.74x10°E 02( 8 3114<5.$011<P )
. * a

LCO-874x10° 02( 8 BIJZ;IEH?LPI )(9264014 )

X mol ) (99.44&%) (2 mol CO )
8.3145 k- IPx 300 k 1 mol O

> L CO = 8.74 x 10%95(



Example 1

For this reaction, what is the maximum volume of carbon monoxide at 105

kPa and 35 °C that could form from the conversion of 8.74 x 10° L of
oxygen at 99.4 kPa and 27 °C?

2C + 0, — 2CO
« Or unit analysis, using R as a conversion factor.

SR CEES

> L CO = 8.74 10%9/(
/4% 2\ 8.3145 - kPx J\ 300K 1 mol O K. mot

NI CEE eSS

>LCO =8.74 10%@(
/X 2\ 83145 k- JPa )\ 300K J\ 1 mol O — 105 I

ot e

> L CO =8.74 10%&(
74 2\ 8.3145 b+ IPx 300 K 1 mol O Kemol 105 kP

- 1.70 x 10° L CO



Example 2

In the reaction of carbon with oxygen to form carbon
monoxide, what minimum volume of oxygen at STP
(273.15 K and 1 bar) is necessary to convert 125 Mg of
carbon to carbon monoxide?

2C + 0, — 2CO

Start here when
mass is given.

Mass substance 1 Mass substance 2

Start here when volume Molar mass 2
of solution is given.

Volume of solution 2

Volume of solution 1

Molar mass 1

. %/Iolarity 2
Molarity 1 ! (coeffhicient 2) mol 2 Can be converted

(coefthicient 1) mol 1 into mass, into
<— volume of solution,
This is the core of any or into volume of

equation stoichiometry gas
R as a conversion problem.
factor PV R as a conversion \ o; V= nRT
or n=—— P
RT factor

Volume of gas 1 | Start here when volume Volume of gas 2
at P & 1 of gas is given. at P & 75




Example 2

 In the reaction of carbon with oxygen to form carbon
monoxide, what minimum volume of oxygen at STP
(273.15 K and 1 bar) is necessary to convert 125 Mg of

carbon to carbon monoxide?
2C + 0, —» 2CO

106%)( 1 met€ )( 1%@5)(22.711 L O, )
1 Mg 12.011%@ 2 mel€C 1 mel©5 STP

- 1.18x10° L O,

?L02=125Mg2(

106%)( 1 mol-€ )(lmefOszaMsL-kPg X 273.15 K )( 1 bar )
1 Mg J\12.011.gC)\ 2 mot€ Kol 1 bar 100 kPa

- 1.18x10° L O,

?LOZ=125MgE(



Example 3

Sodium hypochlorite, NaOCI, found in household bleaches, can
be made from a reaction using chlorine gas and aqueous
sodium hydroxide:

Cly(g) + 2NaOH(aq) — NaOCl(aq) + NaCl(aq) + H,O(/)

What minimum volume of chlorine gas at 101.4 kPa and
18.0 °C must be used to react with all the sodium hydroxide in
3525 L of 12.5 M NaOH?  surhee when [ Mo sobane 2

mass is given.

Start here when volume
of solution is given.

Molar mass 2

‘ Volume of solution 2

Volume of solution 1 Molar mass 1

' //Iolarity 2
Molarity 1 (coeffficient 2) mol 2 Can be converted

(coeffficient 1) mol 1 into mass, into
— <— volume of solution,
This is the core of any

or into volume of

equation stoichiometry gas
R as a conversion problem.
factor PV R as a conversion or V= nRT
or n=—— P
RT factor

Volume of gas 1 | Start here when volume Volume of gas 2
ac P & 7 of gas is given. at P & T




Example 3

Cly(g) + 2NaOH(aq) — NaOCl(aq) + NaCl(aq) + H,O(/)

What minimum volume of chlorine gas at 101.4 kPa and
18.0 °C must be used to react with all the sodium hydroxide in
3525 L of 12.5 M NaOH?

?LC12=3525—ITNa9H-so’m—( 1 )

?LC12=3525—L7Na9H-so+rr(121'5 mol NaOH M;mol@z )



Example 3

Cly(g) + 2NaOH(aq) — NaOCl(aq) + NaCl(aq) + H,O(/)

What minimum volume of chlorine gas at 101.4 kPa and
18.0 °C must be used to react with all the sodium hydroxide in
3525 L of 12.5 M NaOH?

LNaOH-soln moel NaOH™ K.

?LCI2:3525M(12.5M)( 1 sol Cl, )(8.3145L-sz)(291.0K)
1 LNaOH-soln 2 mol N2OH- Kemol J\101.4 kPa

?LC12:3525%(12.5M)( 1 ol Cl, )(8.3145L-sz)(291.0K)
1 LNaOHsoln 2 mol NaOH" Kemol J\101.4 kP

= 5.26x10° L Cl,



Gas

Pressure

e (Gas pressure is the total force due
to particle collisions with the walls of
the container at an instant in time
divided by the area of the walls.

e The total force of collisions is
determined by

e The number of collisions

e The average force per collision



Force per

Collision

e The force per collision is proportional to
the momentum of the colliding particle.

e Momentum is mass times velocity.

e At a constant temperature, the mass
and average velocity are constant, so
the average momentum is constant, so
the average force per collision is
constant.



|deal Gas

Assumptions

e The particles are assumed to be
point-masses, that is, particles that
have a mass but occupy no
volume.

e There are no attractive or repulsive
forces at all between the particles.



Mixture of
Gases

Q7
%) Puogt = Pa + Py

e Partial pressure can be defined as the portion of
the total pressure that one gas in a mixture of
gases contributes.

e Forideal gases, this is the pressure that a gas
would have if it were alone in the container.



Dalton’ s Law of Partial Pressures

Dalton’s Law of Partial Pressures states that the total

pressure of a mixture of gases is equal to the sum of the
partial pressures of all the gases.

Ptotal:PA+PB

nART npR T
Pa = AVAA P = BVBB

nARTA n ﬂBRTB

P total — VA VB

VA-l—VB:V TA-I-TB:T

naRT N ngRT RT

Priotal = % % = (np+ ﬂB)T




Dalton’ s Law ez
Partial Pressure R

Q7N
%) Puowi = Pa+ Py

RT
P total — 2P partial or P total — (Zﬂ each gas)_

7



Dalton’ s La

Pressures Prop

* Tip-off — The problem involves a
mixture of gases and no chemical
reaction. You are asked to calculate
a value for one of the variables in the
equations below, and you are given
(directly or indirectly) values for the
other variables.



Dalton’ s Law of | e ..
Pressures Pro . "
Steps 1 & 2 B

« Step 1: Assign variables to the values
that are given and the value that is
unknown.

« Step 2: From the following equations,
choose the one that best fits the
variables assigned in Step 1.

RT
P total — 2P partial or P total — (Z?’l each gas)_

v



Dalton’ s Law of

Partial Presst

« Step 3: Rearrange the equation to solve
for your unknown.

« Step 4: Plug in the values for the given
properties.

« Step 5: Make sure that the equation yields
the correct units. Make any necessary unit
conversions.

« Step 6: Calculate your answer and report it
with the correct units and significant
figures.



A typical “neon light” contains neon gas mixed with
argon gas. If the total pressure of the mixture of

gases is 1.30 kPa and the partial pressure of neon
gas is 0.27 kPa, what is the partial pressure of the

argon gas?

P,=130kPa P, =027kPa P, =7
Pr=Pne * Par
P = Pr— Py =1.30 kPa — 0.27 kPa = 1.03 kPa



Example 2

If 6.3 mg of Ar and 1.2 mg Ne are added to a 375-mL tube at
291 K, what is the total pressure of the gases in kilopascals?

V=375mL T=291K P=2?

1 1 mol Ar
— ? mol Ar = 6. 5 =0.00016 mol A
nar = ¢ mol Ar = 6.3 mg-Ar (103 g J(39.948 ) mol Ar

nNCZPmolNezl.ng—Ne( lg J( I mol Ne )20.000059m01Ne

10° mg J\20.1797 gNe
RT RT
Protal = (X7 cach gas) 7 Protal = (nAr + ”Nz) 7

(8.3145«L/-kPa ) (291 K)
Kemol (103 n%L)
375 ml. 1k

Pioral = (0.00016 melAT + 0.000059 meltiNe)

= 1.4 kPa



Tip-offs for

Problems

+ ldeal Gas Equation: 1 gas, no chemical
reaction, and no changing properties.

« Combined Gas Law Equation: 1 gas, no
chemical reaction, changing properties.

« Gas Stoichiometry: converting from one
substance to another, both in a chemical
reaction, and one or both are gases.

 Dalton’s Law of Partial Pressures: 2 or
more gases, no changing properties, no
chemical reaction.



