Chap. 8. Molecules in motion :

Kinetic theory (model) of gas: kinetic energy and collision

Assumptions: negligible size, elastic collision (momentum
conservation), non-stop motion
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Different molecules have different velocities
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Derivation of pV = 3 M =mNy

Pressure is caused by molecules hitting the wall and being reflected back

Assume the x component of velocity is Uz
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Number of particles colliding the wall during At = At|vz|AW

Change of momentum = 2m|v,|
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Each molecule has different velocity — r=——;
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Root-mean-square velocity based on Maxwell distribution

Probability for the molecule to have speed v
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Derivation of Maxwell distribution
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Consider a system of two partices (in one dimension)

K.E. = % (mlvf + mgvg)

mM1vV1 + M2V2 ma2
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mi
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2 m1 + ma

Lo partices is equivalent to the
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Collision frequency and mean free path

Collision cross sedion: o = 7d”
t Diameter of a molecule

The volume of a collision tube: oc,.;At
N

# of particles within the collision tube: o¢,¢At v

Collision frequency: =z = A = OCrely;
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Collision flux and effusion rate

# of collisions = %AAt / Ve f (Vz)dvg
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For 1harand T=300K, 7, ~ 3 x 10%3cm 257!
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Effusion - process where individual molecules flow through
a hole without collisions hetween molecules

PAoN 4
2 M RT

Rate of effusion through a hole of area Ay = Z,,Ap =

Knudsen method : Determination of the vapour pressure of

liquids and solids by measuring the rate of loss of mass from a
cavity with a hole
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Transport properties o
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Flux: Quantity of certain property passing through a unit area
(perpendicular to the direction of flow) per unit time.

Examples with the convention that 2 : direction of flow

5= Diffusion coefficient m?s~?

d.
Matter flux: J (matter) = —Dﬂ - q
—2_—1 dz
m~ s
= Thermal condudivity JK 'm 15!
dT 1
Energy flux: J (energy) = —k— «~ Km
z
Jm~2g~! 1 —1
&= Viscosity kgm™ s
dvy 4
Momentum flux: J(x-comp momentum) = N s
kgm g2

Special unit of viscosity: 1 poise (P) =10 'kgm ' s
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Derivationof D = §>\5

§= number of partides/volume
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Momentum flux

J (x-comp. of momentum) = _55)\£ (MmN a2 _gé md_’vz

_Lyon 1 kpT (8ksT\YPn 1 M (8ksT\'
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independent of pressure 7 1,0(size) [, M T = 71

Mobility of ions and conductivity

s =uFE <+ EledricField
Speed & = mobility

AAtveN
J (ions) = ’ AZ? 2 =svcNy = J (charge) = zeJ(ion) = zsvceN g = zsvcF
I=JA=GAp = %Acb:nAE
Conductance = = Condudivity

Kk = zuvck

Molar conductivity A,, = zuvF



Concentration gradient and thermodynamic force

Non-expansion work per mole O

for moving substances for a dwe = dp = (_8 - dz
i T

distance dx. P,

Thermodynamic force F=- (g—g)
For a solution with pu(z) = p° + RT In{a(z)}

F=-RT (alng;(x)}>p,T i@ (8zf)>ﬂ

Relative change of activity determines the gradient of chemical potential.

For an ideal solution  Fijeui = jg) (ag(;))
p,T



Mobility in solution

When particdles move with steady drift speed in solution in

the presence of concentration gradient,

Thermodynamic fore — 7 = N, fs <« Drift speed

t Friction coefficient

Flux is proportional to drift speed J OC S

Fick’ s first law of diffusion: 7 _— _ de
dx
Relation of drift speed 5 — z _ _2 @ _ %
with Diffusion coefficient o cdr RT

° ° ° RT kBT

Stokes-Einstein equation: D= — = ——
\ Naf f

f =6mna

Stokes formula for
friction
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Mobility of ion in solution -4
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Thermodynamic force is equal to the
electric force applied to charges due to F = NypezE
electric field

DN pezE
S =
- RT
S zFD
For an ion with mobility = = U= Tpr
Typical val f mobilit — S _ _
and diffusion coeffigents U~ 5 X107 m*sTVTH D 1x 1070 ms
2?DF?
Limiting conductivity of unit ion A= zuF = BT

F2
Nernst-Einstein equation: A, = (v 21 D; +v 22 D—)ﬁ
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Diffusion Equation oo
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ne dimensional continuity equation: 9t oz
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From the definition of diffusion J = —Da—
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In the presence of convection, J = —Da—x + cv
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