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Thursday, October 15, 2020

* Kinetic molecular theory
*  Why the gas law does not depend on mass
* Distribution of molecular speeds

Next lecture: Complete: Distribution of molecular speeds; Real gases;
Gas law for real gases: van der Waals equation; Ch10: Solids, liquids and
phase transitions

[TF] The rms speed, v,,,, of 0, at 25°Cis about ...
(“Use units, Luke!” R = 8314 | = 83145/
{mo i mol
14% 1. 250 m/s
67% 2. 500 m/s
16% 3. 750 m/s
3% 4. 1000 m/s
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Kinetic molecular theory

If we assume particles of a gas collide with one another and with the walls of
the container elastically, then we can show that the contribution of a single
particle i to the pressure of a gas is
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Kinetic molecular theory

If we assume particles of a gas collide with one another and with the walls of
the container elastically, then we can show that the contribution of a single
particle i to the pressure of a gas is
P = l@
3@

Note that the units of this expression,are correct for pressure.
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Kinetic molecular theory

If we assume particles of a gas collide with one another and with the walls of
the container elastically, then we can show that the contribution of a single
particle i to the pressure of a gas is
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energy
volume’

Note that the units of this expression, are correct for pressure.

. 1 . . . . .
The factor 3 takes into account that motion takes place in three dimensions.
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Kinetic molecular theory PV P
The total pressure is the sum of the contributions of thé V :@\’A paryicles of
the gas,
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Kinetic molecular theory Ll w
The total pressure is the sum of the contributions of th@= nN, particles of
the gas, {1
P =P+ P+t Py =502 + v + -+ vf)
PO NP
We can simplify this expression by dividing the sum of squared speeds by the
number of particles (N), OUTRaS, ¢
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Kinetic molecular theory

the gas,
P =P+ P+t Py = 1502 + V3 + -+ vf)

number of particles (N),
1mn (1;%+1;22+~--+1;,%,) 1mN

P=3 N 3er/s

3V
o V24vZ 4+ +vF
The quantity v2,; = =% —2j

the individual particles.
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The total pressure is the sum of the contributions of the N = nN, particles of

We can simplify this expression by dividing the sum of squared speeds by the

is the n:;n (average) of the squared speeds of
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Kinetic molecular theory

Comparing the expression for pressure from the kinetic molecular theory
1imN o 1mNan o
P = 377 Vrms =37 Vrms

to that from the ideal gas law,

P

we get the fundamental connection between tempemture and the mean of the
e ey
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squared speeds,

BOSTON
UNIVERSITY

14
Lecture 10 CH131 Fall 2020 Copyright © 2020 Dan Dill dan@bu.edu
Kinetic molecular theory
The square root of the(nean pf the squared speeds is known the root-mean-
—_— — =
squared speed,
=
Vrms = '%
16

Copyright © 2020 Dan Dill dan@bu.edu

15
[T7] The rms speed, v,,,, of 0, at 25°C is about ™.
(R - 8314 — g3y lEm’is 20
= K mol = K mol U
1% 1. 250m/s IR /
95% 500 m/s iy
3% 3. 750m/s ///\Eﬁ_:_/ﬂ_ - 497 mfs
1% 4. 1000 m/s - ) ﬁ /(? =
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Kinetic molecular theory

_ |3rT
Urms = 7
kg m?/s?

R =8314—— = g 31480 /5
K mol

K mol

Answer: 482 m/s ~ 500 m/s
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[

12%
72%
13%
3%
1%

] The rms speed of O,
use the rms speed of O, to estimate that the rms sp
temperature is about ...

@ > B =

4000 m/s
2000 m/s
1000 m/s
500 m/s
250 m/s

ot 500 m/g/
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Why the gas law does not depend on mass
We'h/ave seen that the microscopic model of gas pressure is that
1 3RT
P= 5@ 2 Jwhere vy, = ®
Why doesn’t P depend on molar mass (M)?
The reason is that root-mean-square speed offsets the explicit mass
dependence,
1@ o 1y 3RT _ nRT
P=3Tvms =35 X537 =75 )S
— /
20
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Distribution of molecular speeds
Distribution of speeds is a plot of the number of particles (y axis) at each speed
(x axis).
21
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Distribution of molecular speeds Distribution of molecular speeds
Say we 20,000 particles, all with the same speed v = 500 m/s.

Say we 20,000 particles, all with the same speed v = 500 m/s.
——
Make a sketch of the corresponding distribution of speeds.

Make a sketch of the corresponding distribution of speeds.
number
2000 >

\5 15000

Copyright © 2020 Dan Dill dan@bu.edu

10000
5000
0 ) m/
0 200 400 ~ 600 800 1000

BOSTON
UNIVERSITY _X

22 23
Lecture 10 CH131 Fall 2020 Copyright © 2020 Dan Dill dan@bu.edu Lecture 10 CH131 Fall 2020 Copyright © 2020 Dan Dill dan@bu.edu
Distribution of molecular speeds Distribution of molecular speeds
Collisions between gas particles result in the particles having different speeds. We have said that collisions between gas particles results in the particles
having different d
Make a sketch of a possible distribution of just three speeds, 300, 500, and 700 aving dilterent Speecs — =
m/s, of the 20,000 particles. — Make a sketch of gpossible distribution of ju ree speeds, 300, 500, and 700
m/s, of the 20,000 patIicte -
15666
Eskd
m's
1000
24 25
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Distribution of molecular speeds

We have said that collisions between gas particles results in the particles
having different speeds.

It is convenient to express the distribution in terms of fractional number of
particles rather than number of particles.

fraction
05

I t t m/s
0 200 [ 400 V600 | oo 1000
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Distribution of molecular speeds

We have said that collisions between gas particles results in the particles
having different speeds.
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It is convenient to express the distribution in terms of fractional number of
particles rather than number of particles.

[

s
600 800 1000
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Distribution of molecular speeds

Here is what happens to the speeds ¢f 20,000 particles/all initially at the same
speed, after they each have undergone successive numbers of collisions.

Bonomo & Riggi, e — S
et e W
http://dx.doi.org/10.1119/1.13809 f
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Distribution of molecular speeds
At 300 K, the rms speed of 0,is v, = 500 m/s.
Sketch the Maxwell-Boltzmann distribution of speeds of 0, at 300 K, from 0
m/s to 4000 m/s, marking the position of 17, on the x axis.
{
> o S
O 100 Lozo 8038 4
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Distribution of molecular speeds

At 300 K, the rms speed of O, is v, = 500 m/s.
Sketch the Maxwell-Boltzmann distribution of speeds of O, at 300 K, from 0
m/s to 4000 m/s, marking the position of v, on the x axis,
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Distribution of molecular speeds

The rms speed, U, is slightly higher than the most probable speed, vy,
because of the exponential tail extending to very high speeds.

Vmp =rms rms ’(7/1?< NM'
- /
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[TF] Use the rms speed(of O, at 300 K, v,
use this value to find the 4

4% 1. 4000 m/s

13% 2. 2000 m/s
120!
a2 1000ms EETEE
2% 4. 500m/s Jaok< Mne

0% 5. 250m/s _ %—{ =\]:+/

. Without a calculator,

36045 |
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STO m/s
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Ums VErsus temperature
33
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1000 m/s. Sketch the

dl

Ums VErsus temperatuye

The rms speed of 0, 4
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(/s and the rms speed of 0, at 1200 K is

ibution of speeds for O, at these two temperatures

on the same axes, marking the position of the tw S speedsen the x axis.
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