9702 C15 Ideal gases

|deal Gas Non-ldeal Gas



What is mole?

: : . , + * Thenumberofmoles, ntherefore canalso be calculated from the equatior
-Mole is S| base unit of an ‘amount of substance’

-where one mole of any substance contains the n = Vm

same number of atoms/molecules/ions as there d
are in 12g of carbon-12 i« Where:

-->this number is known as Avogadro’s number o m=mass of the substance(g)

o M;=molarmass of the substance (g mol™)

and is approximately 6.02x10"23
atoms/molecules/ions

e Where:
o N =numberof molecules
o Np=Avogadro's constant



ldeal Gases

Anideal gasis one which obeys therelation: 4 /

Gas molecules move about randomly at high speeds

Where:

o p=pressureofthegas(Pa)
%)

o V=volumeofthegas(m
o T=thermodynamictemperature (K)

Temp™ = Velocity of moleculest™ = molecules collide with the surface of walls™ =
force of molecules collide the the surface of wallst(due to force=rate of change of
momentum)

As pressure=force per unit area
-->temp? pressuret



Boyle’s Law

» |fthetemperatureTis constant, then Boyle’s Lawis given by:

3 Gases Laws

L.
T
* Thisleads totherelationship between the pressure andvolume for a fixed mass of gas at
constant temperature:
PV, =P,yV,

Charles's Law

» |fthepressurePis constant, then Charles’s lawis given by:
VT

* Thisleads totherelationship between the volume and thermodynamic temperature fora
fixed mass of gas atconstant pressure:

V, V,
T, T,

Pressure Law
* |fthevolumeVis constant, the the Pressurelawis given by:
PT

* Thisleads totherelationship between the pressure and thermodynamic temperature fora
fixed mass of gas atconstant volume:

i
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ldeal Gas Equation:

By combing all 3 gases laws we can get an Ideal Gas Equation

e Theequation of state foranideal gas (ortheideal gas equation) can be expressed as:

PY=nRT Ideal gas = a gas which obeys the
G {E equation of state pV=nRT at all
PV = nR T<—(rewenarore w pressures, volumes and

["PRESSUHE ipﬂ@j | ‘ENUME!EH OF MOLES (mol)

thermodynamic temperatures(in
 Theidealgas equation can also be writtenin the form: Ke '.Vi n)

pV = NkT

BOLTZMANN CONSTANT =
VOLUME (m?) N 1.38 x 10723 JK™

p\/ — NkTe\EJTEMPERATURE (K)
PRESSURE [Pa}%} AKENUMBER OF MOLECULES




The Boltzmann Constant:

THESE PARTICLES WILL CAUSE INEFFECTIVE
COLLISIONS ONLY AS THEY DON'T HAVE ENOUGH
ENERGY TO CAUSE A CHEMICAL REACTION

e TheBoltzmann constantkis usedintheideal gas equation andis defined by the equation: - N
L
- 2
s | el 3 PROPORTION OF MOLECULES
k = N n WITH SUFFICIENT ENERGY TO
A o CAUSE AN EFFECTIVE o
Wihars: = COLLISION WHICH WILL CAUSE
a ere: L A CHEMICAL CHANGE )
o R=molargas constant n:
o Na=Avogadro’'s constant o
z E
D A
e Boltzmann’s constant therefore has a value of Z
0] | e
" 831 — 138 x 102 J K- : o LOW ENERGY HIGH ENERGY
602 x 10%° MOLECULAR ENERGY

AT AND ABOVE THIS POINT MOLECULES
HAVE SUFFICIENT ENERGY TO CAUSE AN
EFFECTIVE COLLISION

the value k is very small because the increase in Ek of a
molecule is very small for every incremental increse in
temperature



Assumptions of the Kinetic Theory of Gases:

The kinetic theory of gases models the thermodynamic behaviour of gases by linking
the microscopic properties of particles(mass and speed) + macroscopic properties
of particles(pressure and volume)

1.Molecules of gas behave as identical, hard, perfectly elastic spheres
2.The volume of the molecule is negligible compared to the volume of the
container
3.The time of a collision is negligible compared to the time between collisions
4.There are no forces of attraction or repulsion between the molecules
5.The molecules are in continuous random motion



Root-Mean-Square Speed

Since particles travel in all directions in 3D space and velocity is a vector, some particles will
have a negative direction and others a positive direction
-->When we consider a large number of particles: the total positibe and negative velocity values
will cancel out, giving a net zero value overall

To solve this problem in order to the pressure of gas, the velocities must be squared (as every
number squared will always be positive)

e Tocalculatetheaverage speed of the particlesin a gas, take the square root of the mean
square speed:

‘\/< C2 > = Cr.m.s

e CrmsiSknown astheroot-mean-square speed andstillhas the units ofms™!
e Themeansquarespeedis notthe same asthe mean speed



Derivation of the Kinetic Theory of Gases Equation

5 Step Derivation (c is speed, not the speed of light in this derivation)

1.Find the change in momentum as a single molecule hits a wall perpendicularly
-assume that molecules rebound elastically (no Ek lost in the collision)

wall ; ”
mu . —Mu
o= | “o
atom
change in 1110111911t.ui11 = —mc— (+ m.c)

— mc — mec = —2mce



2.Calculate the number of collisions per second by the molecule on a wall

- v

F// Bv/’f 4 " e

L T ,,-FD

L™ . ¢ =
- { - A > Py

r //

time between collisions with side ABCD = 2(,—1

3.Find the change in momemtum per second(aka force) using Newton 2nd Law

A 2
Force = rate of change of momentum = KI: — % — ’%

C



4.Calculate the total pressure from N molecules using pressure=force/area

e Theareaofonewallis 2
e Thepressureis definedusingtheforceandarea:

me® )
rToreg .. .  ine
Pressure p = e _l = _13

e Thisisthe pressure exerted fromone molecule
e Toaccountforthelarge numberof N molecules, the pressure can now be written as:

_ Nmc?

o l3

« Eachmolecule has a different velocity and they all contribute to the pressure
e The mean squared speed of cZis written with left and right-angled brackets <c
e Thepressureis now definedas:

25

2

_ Nm<c™>

l3




5.Consider the effect of the molecule moving in 3D space
(pressure equation assumes all the molecules are travelling in the same direction and
colliding with the same pair of opposite faces of the cube)
-->But in reality, all molecules will be moving in 3D equally
-->We can split the velocity into 3 components and by using pythagorus’ theorm in
3D:

c?=cy? +cy?+c,°

Since thereis nothing special about any particular direction, it can be determined that:

<Cx2> = = <>

Simplifying, 3



6.Rewrite the pressure equation

The equation for pressure worked out above involved just the component of the velocity in the x-direction
and if c is the actual speed of the particle then we need to divide by 3 to find the pressure exerted.

1 [ Nm<c®>

Here, I° is equal to the volume V of the cube, so we can write:

1 { Nm 2 1 2
Pp=m=(=—) <c*> or pV:-Nm(c >
J\ V 3
¢ Thisis known as the Kinetic Theory of Gases equation
MASS OF ONE
VOLUME () ‘HN MOLECULE OF GAS (kg)

pV v’ Nm <c?>

PRESSURE (Pu}a} MEAN SQUARE SPEED OF
NUMBER OF THE MOLECULES (ms™)
MOLECULES

 This can also be written using the density p of the gas:

___mass .. Nm
volume V

* Rearranging the pressure equation for p and substituting the density p:

1
B otts p=3 p<c®™>




Summary of Derivation of the Kinetic Theory of Gases
Equation

wall ~ : - change in momentum

: force = .
. : time taken
mu f
0—» Pressure = ==
area
atom s change in momentum
: ‘ ' o time taken
change in momentum = -—me — (+mc)
g i 2me
= —MC—mc = —2mc o (ﬂ)
/“- B,/ - //‘ ‘
A , g mCQ
{ £ — [
’ v (one moleculg)
__ force
== n E ol pressure p = —
- [ > A - = p= Nm<e?s me
B - g
B . . o 21 L Nm< e o 2
time between collisions with side ABCD = = P37 ) l
ov:iomeens B — mel



Average translational kinetic energy equation:

From Ideal gas law equation and kinetic theory of gases

. . . L Translational kinetic energy = the
equation we can derived Average(translational) kinetic energy ans gy

energy a molecule has as it moves

equation: ,
from one point to another
\/ ~ NKT 2| ? -->monatomic molecule only has

p PV 3Nm <C> translational energy, whilst a

diatomic molecule has both
translational and rotational energy

NKT- § Nm<c?> _
M<Cs = KT B e N A
l . 2 (EK - ‘IZ‘mVZ) ONE POINT TO ANOTHER SPIN IN 3D
S — o W
\ 2 Q
— O
Ek T MONATOMIC MOLECULE DIATOMIC MOLECULE

**This is the average Ek for only one gas molecule**



