Unit 14

Atmospheric chemistry — basic concepts
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Natural and anthopogenic
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Mexico City: Example for
reduction of visibility

strongly polluted
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mpacts of air pollution
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We breathe out Carbon
Digmide that trees use and
trees give us Oxygen!

PHOTOSYNTHESIS

Humans, of course, need oxygen.
We breath in oxygen O
We breath out carbon dioxide CO2




Definitions

Reaction rate

[A] concentration of A
k reaction rate coefficient

half-live time

residence time, life-time

M amount, F efflux
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Definition of NOy

NO, columns observed from the
SCIAMACHY satellite instrument
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Equilibrium constants depend on reactants

aA+bB <> cC +dD — forward rate = k, [A'[B]°
ki [AF[BY =k, [CI'[DI’ <— backward rate =k, [C]'[D]

; _ [CT[DY

Keg = =T Equilibrium constant
, [AI'[B]

Q= [C]C[D]d Reaction quotient

[A][B]° BV = nR*T=n T
n number of moles, k=1.3806503 X 1023 m?kg s2K-"
Boltzmann constant
TL .
J = —— = R*=8.31 J mole™! K- universal gas constant
Al =7, = 7%
_ lpc/(RET)lpp /(R T)]d . pcp R*T Am __ A R*T Am
¢ = DA (R al (D = gy (el )= = kp(HZT)



Gibbs free energy determines reaction behavior

C d
Q= [C]a [D]b if not at equilibrium
[A]'[B]
AG® =AG? ~AG? Gibbs free energy of reaction

f pl‘OdllCtS f reactants

AG, =AG, +RTInQ with AG’ =-RTInK,

Frequency factor

AG, <0 forward reaction
AG, >0 backward reaction
AG, =0 @ equilibrium

L Reaction-rate constant is not a real constant!
AGrO R ideal gas constant
Keq = eXp| — oT T absolute temperature (plug in in K)




Temperature affects K,

van’t Hoff's equation

(K AR (11
K, R \T, T, with AH? enthalpy of reaction




Free energy

Activation energy E_ and catalysis

Uncatalyzed
reaction

Catalyzed
reaction

Products

'

Course of reaction
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Order of reaction o . """""" 3
aA+DbB +cC +---— Products .*‘“ e@
Reaction rate = k[A]P[B]°’[C]°  Reaction order =a+b+cC+---
1st-order reaction A—>>B z "
dr A " < \‘\
CA_qa [A=[ALe "
2nd_order reaction A+ A—> C A+B—>C t
d[A] 1 1 < /
— —k[A — =kt =
i - AN T =
Pseudo 1st-order reaction A+B —>C t
d[A]

= —k[B][A]=—-k'[A] When [B] >>[A]



Kinetic treatment of combination
and dissociation

A+ B+ M — AB+ M

A+ B2 AB

Intermediate steps

AB* + M —* AB+ M

d[gf] — k[A][B] Overall reaction rate

what we
use!

This is




Photolysis and quantum yield

A 1 hi ;j A e dissociation: A —* By + By + Bs....
e direct reaction: A* + B —% O, + (5 + (...

e fluorescence: A* —sF A 1 hy

q e or collisional deactivation: A* + M —* A+ M




Atmospheric attenuation of solar
radiation

intansity of
Incoming Solar Radichon

_~ “Rate of Solor
\_—" Energy Absorp-

Absorbing gas is thin here RELATIVE MAGNITUDES
—little absorption Few photons left here

=little absorption




LOG CROSS-SECTION (cm?)
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