
Composition, chemistry & cloudsComposition, chemistry & clouds



Terrestrial planetsTerrestrial planets
Venus Earth Mars Titan

N2 3.5% 78% 2.7% 90-97%
O2 0-20 21% 0.13 -

CO2 96.5% 350 95.3% 10 ppb
CO 30-1000 0.2 700 10
H2O 30 <3% <100 0.4 ppb
SO2 ~200 - -
CH4 - 3 10 ppb 4%

C2H2 - ~9 ppb 2

C2H6 - ~14 - 10



Giant planetsGiant planets
Sun Jupiter Saturn Uranus Neptune

H2 83.5% 86.4% 96.3% 85% 85%

He 19.5% 13.6% 3.2% 15% 15%

H2O 600 ? ? ?

CH4 2000 4500 ~2% ~3%

NH3 ~1000 500 <200 <200

H2S 77 ? ? ?

Other trace gases: PH3, GeH4, AsH3, CxHy



Tenuous atmospheres (in cmTenuous atmospheres (in cm--33))

Mercury Moon Pluto Io

O 4 104 +

Na 3 104 70 +

He 6 103 ~104

N2 +

Ar ~104

SO2 1011-1012



Physical processesPhysical processes
Condensational equilibriumCondensational equilibrium

Atmospheric HAtmospheric H22O on Earth and MarsO on Earth and Mars

COCO22 on Mars on Mars 

NN22 on Pluto and Tritonon Pluto and Triton

Physical buffering by surfacePhysical buffering by surface
Mars: Mars: regolithregolith--atmosphere Hatmosphere H22O exchange   O exchange   

Volcanic/ Volcanic/ geisergeiser activityactivity
Io: SOIo: SO22 atmophereatmophere

EnceladusEnceladus: H: H22O supply by O supply by geisersgeisers

SputteringSputtering
Mercury: Na Mercury: Na 

Capture from solar windCapture from solar wind
Moon and Mercury: H, He Moon and Mercury: H, He 



Chemical processesChemical processes

ThermochemistryThermochemistry
Venus lower atmosphereVenus lower atmosphere

PhotochemistryPhotochemistry
CO on Venus and Mars CO on Venus and Mars 

Upper atmosphere of TitanUpper atmosphere of Titan

Chemical buffering by surface mineralsChemical buffering by surface minerals
Venus: atmospheric SOVenus: atmospheric SO2 2 and carbonates/ pyrites and carbonates/ pyrites 

Heterogeneous chemistry on dust particles Heterogeneous chemistry on dust particles 
Biogenic / Biogenic / antropogenicantropogenic influenceinfluence



Aerosols and cloudsAerosols and clouds
Condensational cloudsCondensational clouds

Earth: HEarth: H22O clouds O clouds 

Mars: mesospheric COMars: mesospheric CO22 layerslayers

Giants: NHGiants: NH33 and Hand H22O ice cloudsO ice clouds

Chemical aerosolsChemical aerosols
Jupiter and Saturn: NHJupiter and Saturn: NH33 + H+ H22S S NHNH44SH (solid)SH (solid)

PhotoPhoto--chemical aerosolschemical aerosols
Venus: SOVenus: SO2 2 + H+ H22O + hO + hνν HH22SOSO44 (liquid) (liquid) 

Titan: CHTitan: CH44 + h+ hνν CCxxHHyy ((tholinestholines))
Earth: photochemical smog Earth: photochemical smog 

DustDust
Mars & EarthMars & Earth



Microphysical processesMicrophysical processes



Microphysical processesMicrophysical processes
Homogeneous Homogeneous 

nucleationnucleation

Heterogeneous Heterogeneous 
nucleationnucleation

DiffusionalDiffusional growthgrowth

1~ −S
dt
drr

small droplets grow fastersmall droplets grow faster

tr ~

CoagulationCoagulation 2~ Kn
dt
dn

Sedimentation Sedimentation 2~ rv





Aerosol effects  Aerosol effects  
RadiativeRadiative effectseffects

Deposited solar energy: Earth Deposited solar energy: Earth vsvs VenusVenus

Greenhouse effect: Venus & Mars Greenhouse effect: Venus & Mars 

Cleaning of the atmosphereCleaning of the atmosphere

Solar 
flux, 
W/m2

Albedo Deposited 
Solar 

energy

Earth ~1300 0.4 780

Venus ~2600 0.75 650
Dust free 
models 

Measured 
temperatures 

Atmospheric temperatures on Mars
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