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Kinetic Theory

Molecules ¢ Motion ¢ Gas
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MOLECULAR NATURE OF MATTER
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® All matter consists of atoms

or molecules.

® The typical size of an atom
is about 1 A = 107" m.

® Molecules are groups of

atoms.

vibrate about

their mean positions.
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(2) ScALE: SoLip, LIQuID AND GAS
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LIQUID

Q@ Particles are close %)
QOO —> but not fixed; 7
®®O® they can move »

pasf one another.

(3) FoRcES AND MoOTION

® Particles are alwags moving.

® Tntermolecular attraction acts
between particles when theg

are at moderate separafion.

® At very short separation,
there is strong repulsion.

® In gases, molecules travel
freely between collisions.

GAS

7 Particles are widely
—> separated and move

in random directions

N with high speed.



LAWS LEADING TO ATOMIC THEORY
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DALTON — Fuva PROPORTIAONS

- — P —

A pure compound always contains
the same elements in the same
proportion bg mass.

[0

Water is always
made of hydrogen

and oxygen in a

m fixed mass ratio.

H:0]

Mass ratio H: O = 1:8 (by mass)
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(2) DALTON — MuLTIPLE PROPORTIONS

When two elements form more than
one compound, the masses of one
that combine with a fixed mass of
the other are in simple whole-number

ratios.
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One O atom : Two O atoms
combines with : combine with
one C atom. ! one C atom.

[Mass of O in CO: CO, = 1!21

~

-
@ GAY-LussaC — CoMBINING VOLUMES

Gases react in simple whole-number
volume ratios at the same
temperature and pressure.
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2 volumes H, + 1 volume 0, = 2 volumes H,0(q)

(same temperature and pressure)

~\

contain equal numbers of molecules.

Pressure) N molecules
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same temperature and pressure o I—— L O @) J L o O | and pressure (P)

N molecules




MOLE & IDEAL GAS EQUATION
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COUNTING PARTICLES IDEAL GAS FORMS CONSTANTS )
® 1 mole contains Avogadro number e PV = u RT (ma;rosc)opic o Universal gas constant,
N, = 6.02 x 10*° particles. s R 1 K_l
- (molecular = 8.314 J mol
® Number of moles (amount) is ¢ P V=N kBT form)
N _ M » (in terms of ® Boltzmann constant,
P = —N_a- B M, ) P 3 nkBT number density) R
where M = sample mass (kg or g) """""""_""—""“"“"‘-" kB = Va.
and M, = molar mass (kg ol where N = v is the number density e »
Y or g mol™1). ) L(number of particles per unit volume).J : = 1.38 x 10 J K y
(" i
STP (Standard Temperature and Pressure) : Co - B (G P : pressure of gas
O
o [T=213K —> temperature at STP. N oo o | = V : volume of container
o P=1atm=1.013x10°Pa —> pressure at STP. Om O O —> T : absolute temperature
@)
® One mole of an ideal gas occupies about 22.4 L at STP. \/ Q, E —> N : number of particles




MOLECULAR VOLUME FRACTION — WORKED EXAMPLE

Problem: Density of liquid water is 1000 kg m™.
Density of water vapour at 100 °C and 1 atm
is 0.6 kg m™. Estimate the fraction of the

vapour volume actuallg occupied by molecules.

Solution:
e m
o For the same mass, p = y
vvo. our Lqut
= pour _ Pligud _ 1000 _ 167 x 103
vliquid 5 vapour 0.6

o In liquid water, closely packed molecular volume
is approximately the whole liquid volume.

Equal mass (m)

Equal mass (m)

Liquid water (1000 kg m™) Water vapour (0.6 kg m™)

vi ut vapour
® Therefore fraction in vapour = liguid ~ _ Puap
Vvapour Pliquid
Calculation:
fraction = e o S 6 x 104
Pliguid 1000

Percentage = 6 x 107* x 100 = 0.06%
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0088000808
20080000

5 30000
36330658300
Therefore,

fraction in vapour =

Final Answer:

\
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|
Volume | > &
ph— i . l &
lqutd : 2 | = vvo.pour
| |
' o o B
vl.iquid — P vapour
vvapour P liquid
0.6 =
= Joo0 = 6x107

[Molecular volume fraction = 6 x 10™* (about 0.0é%)}

Keg idea: Most of a gas is empty space.
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