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The ideal gas law is a combination of three intuitive
relationships between pressure, volume, temp and moles.
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Ideal Gases

Just like the meter, a mole is defined in terms of
some physical quantity: 1 mole is the number of

atoms in a 12 g sample of carbon-12.

Ny = 6.02 x 10%* atoms/mol

n— ﬁ _ Msample _ Msample
NA M mNA

Chapter 2 (Volume 2) -
The Kinetic Theory of
Gases

Ideal Gases

Temperature, Pressure
and Speed




Chapter 2 (Volume 2) -
Ideal Gases The Kinetic Theory of

Gases

Just like the meter, a mole is defined in terms of

Ideal Gases

some physical quantity: 1 mole is the number of Temperature, Pressure

and Speed

atoms in a 12 g sample of carbon-12.

Ny = 6.02 x 10%* atoms/mol

n— ﬁ _ Msample _ Msample
NA M mNA

» n: moles of a substance

» N: atoms or molecules of a substance

v

M ample: mass of a sample

v

m: mass of a single atom or molecule

v

M mass of one mole of an atom or molecule (= mNy)




Ideal Gases

There are three basic laws that describe the

behavior of an “ideal gas.”

Ideal Gas Law

| Bayle's Law | Charies’ Law
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Ideal Gas.
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| Avegradro's Law
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Ideal Gases

There are three basic laws that describe the

behavior of an “ideal gas.”

Ideal Gas Law
| Boyle's Law | Charles’ Law | Avogradro's Law
Ideal Cas.
Law

» Boyle’s Law: p < 1/V
» Charles’ Law: V x T

» Avogadro’s Law: V o n
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Ideal Gas Law

| Bayle's Law | Charies’ Law

N

Ideal Gas.
Law

| Avegradro's Law

» Boyle’s Law: p < 1/V Ideal Gas Law

» Charles’ Law: V x T pV = nRT = NkT

» Avogadro’s Law: V o n




Ideal Gases

An ideal gas describes all gases as N — Q.

Pressure P

— Constant volume
— Constant temperature |
— Constantpressure |

pV = NKT = nRT
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Pressure P

/" Pressure P

— Constant volume
— Constant temperature |
— Constantpressure |

pV = NkT = nRT (1)
» Nk = nNjk = nR — k = R/Ny

» R =8.314 J/mol-K

» k=1.381J/K
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When a gas expands, it does work on its
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surroundings. For an isothermal process: Temperature, Pressure
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T=320 K
T=310K

T=300K
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When a gas expands, it does work on its

surroundings. For an isothermal process:

4
Vi
W = / pdVv
VA
Vi NkT
_ / NET 1y
v,V

Vi
= NkTIn | L
H<W>
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Ideal Gases

An ideal gas is enclosed within a container by a moveable
piston. If the final temperature is two times the initial
temperature and the volume is reduced to one-fourth of its
initial value, what will the final pressure of the gas be
relative to its initial pressure, P ?

(a) 8P
(b) 4Py
(c) 2Py
(d) Py/2
(e) P1/4
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Temperature, Pressure and Speed

The kinetic theory of gases relates this
macroscopic behavior (p, T, V) to the microscopic

motion of atoms.
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2
=

Chapter 2 (Volume 2) -
The Kinetic Theory of
Gases

Ideal Gases

Temperature, Pressure
and Speed




Temperature, Pressure and Speed "The Kinetle Theory of

Gases

The kinetic theory of gases relates this

Ideal Gases

macroscopic behavior (p, T, V) to the microscopic Tegll;;m:"‘& Pressure
and dSpee

motion of atoms.

o

EN Ve

— Vi

i

Let’s use Newton’s Second Law (Fy = ma, = dp,/drt) to
connect pressure to velocity.
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When a atom/molecule hits the side of a cube

container, it rebounds elastically:

Apy = —mvy —mvy = —2mvy
Apy 2mv, mv)%

At D/v, L
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container, it rebounds elastically: Temperature, Pressure
and Speed

Apy = —mvy —mvy = —2mvy
Apy o 2mvy mv)%
At D/v, L
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Temperature, Pressure and Speed

When a atom/molecule hits the side of a cube

container, it rebounds elastically:

Apy = —mvy —mvy = —2mvy
Apy 2mvyy mv)%
At D L
Fy mv)%1 + mv)zc2 + o mvly
=" L3

m
= S0h vt vy
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When a atom/molecule hits the side of a cube

container, it rebounds elastically:

Apy = —mvy —mvy = —2mvy
Apy 2mvyy mv)%
At D L
Fy mv)%1 + mv)zc2 + o mvly
=" L3

m
= S0h vt vy
va_)ZC_an_%
L3 v
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When a atom/molecule hits the side of a cube

container, it rebounds elastically:

Apy = —mvy —mvy = —2mvy
Apy o 2mvy mv)%
At D/v, L
b = &zmv§1+mv§2+-~-+mv§1\,
L2 L3
m., 9 2 2
= E(Vxl+vx2+”'+va)
B va_)ZC B an_%
v
nMv?
p = (vzzvi—{—vg—i-vg)
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Temperature, Pressure and Speed

Combine this with pV = nRT and solving for v:

Vims =

\/—_ 3RT

The root mean squared speed
is defined as the square root
of the average of the square of
the speeds of all the
molecules/atoms in the gas.
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Combine this with pV = nRT and solving for v: Tdeal Gases

Temperature, Pressure
and Speed

/= 3RT
Vims = V V- = 7

Table 19-1 Some RMS Speeds at Room
Temperature (T = 300 K)*

Molar
Mass
102 v,
Gas kg/mol)  (mk) The root mean squared speed
i ol is defined as the square root
‘Water vapor
_Z-Zo?po O of the average of the square of
kv oo the speeds of all the
Carbon dioxide molecules/atoms in the gas.
(CO,) 44.0 412
Sulfur dioxide
(S0,) 64.1 342

“For convenience, we often set room
temperature equal to 300 K even though

(at 27°C or 81°F) that represents a fairly warm
room.
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Kag = N=mv>

2 rms
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If we consider N atoms/molecules moving at a

speed Vs, the kinetic energy is then

Ko = Nomy
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If we consider N atoms/molecules moving at a

speed Vs, the kinetic energy is then

K, vg

r ms

( ki
g >3NAkT

N2
vl
N2
JRES

Ny
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Temperature, Pressure and Speed

If we consider N atoms/molecules moving at a

speed Vs, the kinetic energy is then

Kavg =

1

rms
3RT
()
1 3NAKT
% () 5
T

Ny

Each particle constitutes %kT energy.
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mean free path \.

= 1
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The average distance a gas particle travels before

encountering another gas molecule is called the

mean free path \.

= 1
 \V27d2(N)V)
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Temperature, Pressure and Speed

The RMS speed is just an average—how are the
particle speeds distributed? We use a probability

distribution:

3/2
M 2
P — 4 2 —My /2RT
v) i <27TRT) ne
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The RMS speed is just an average—how are the
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particle speeds distributed? We use a probability Temperature, Pressure
and Speed
distribution:
3/2
P(v) =4r M y2e~Mv*/2RT
27RT
. 4.0
_; T=80K
i; _30
Ol) 200 400 600 800 1000 1200 ’%‘ =
(@ Speed (m/s) 4
T=300K
10

0 200 400 600 800 1000 1200
@ Speed (m/s)
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(or fraction of particles) that have a particular

/Vlv2 P(v)dv

4.0

range of speeds.

5

T=80K

Area = P(v) dv

5
©
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P(v) (10%s/m)

v

s

P(v) (107s/m)

0 200 400 600 800 1000 1200
Speed (m/s)

T=300K

B

% 200 400 600 800 1000 1200
[0} Speed (m/s)




Temperature, Pressure and Speed ‘The Kinetic Theory of

Gases

Ideal Gases

Temperature, Pressure
and Speed

3/2
P(v) =4~ M V2o~ MV /2RT
2nRT

v

What fraction of particles have a speed of 300 m/s?

v

What fraction of particles have a speed of 200 m/s?

v

What fraction of particles have a speed of 100 m/s?

v

What is the most probable speed?
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3/2
P(v) =4~ M V2o~ MV /2RT
2nRT

v

What fraction of particles have a speed of 300 m/s? 0

v

What fraction of particles have a speed of 200 m/s? 0

v

What fraction of particles have a speed of 100 m/s? 0

v

What is the most probable speed? ~ 390 m/s
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C v Ximitxmptxamy DX 1
remember: ¥ = IR = SO — o [ x)dx

There are three important speeds associated with

a gas.

> Average: vy, = [vP(v)dv = %
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.= _ xymy+xomp+xymy X;im; 1 Temperature, Pressure
remember: ¥ = *ILE2BA0 = 2xmi_y L[ xeXdx and Speed

There are three important speeds associated with

a gas.

> Average: vy, = [ vP(v)dv SRT

» Root-mean-square: vy, = 4/ f V2P(v)dv = v/ S 3RT

» Most probable: v,y = Z%T (from dP/dv = 0)
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number of moles of gas at the same temperature and Temperature, Pressure
and Speed

pressure, one with helium gas and the other with neon gas.

(a) The speed of each of the helium atoms is the same
value, but this speed is different than that of the neon
atoms.

(b) The average kinetic energy of the neon atoms is greater
than that of the helium atoms.

(¢) The pressure within the container of helium is less than
the pressure in the container of neon.

(d) The internal energy of the neon gas is greater than the
internal energy of the helium gas.

(e) The rms speed of the neon atoms is less than that of the
helium atoms.
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Two sealed containers are at the same temperature and each
contain the same number of moles of an ideal monatomic
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(a) The rms speed of the atoms in the gas is greater in B
than in A.

(b) The frequency of collisions of the atoms with the walls
of container B is greater than that for container A.

(¢) The kinetic energy of the atoms in the gas is greater in
B than in A.

(d) The pressure within container B is less than the
pressure inside container A.

(e) The force that the atoms exert on the walls of container
B is greater than in for those in container A.
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