ATMOSPHERE








ATMOSPHERIC SCIENCE





movement of air masses


heat balance


chemical composition


reactions








Chemical composition





N	78.08 %





O	20.95 %





Ar	0.934 %





CO2	0.0350%





noble gases





��


altitude  ===> density








�





P0 - pressure at zero altitude


M- average molar mass ( ~ 28.97 g/mol)


g- acceleration of gravity


h - altitude











�





STRATIFICATION OF ATMOSPHERE






















































































ENERGY TRANSFER





solar energy --- visible region





flux : 1.34 x 103 W/m2





conduction


convection


radiation








MASS TRANSFER








METEOROLOGY


study of the movement of air masses & physical forces in the atmosphere (heat, wind, transitions of water)








meteorological phenomena <===> chemistry of the atmosphere








weather


short term variations in the state of the atmosphere





climate


long-term variations & trends within a particular geographical region





driving force ===> distribution of solar energy


				water?








Atmospheric water:


vapor


liquid


ice





humidity: water content in air





relative humidity:


amount of water vapor in the air as a ratio of the maximum amount that the air can hold at that temperature





Clouds:


small aerosol droplets of water





classification:


cirrus (great altitudes, thin appearance)


cumulus (flat base, Ò bumpyÓ upper)


stratus (large sheets)





AIR MASSES





uniform


horizontally homogeneous








�pressure


temperature			===> fronts


moisture content





---------> winds


�





		air currents (convection currents)











high atmospheric pressure p ===> low atmospheric pressure








local convective winds ===> tropical effects





MOVEMENT OF AIR MASSES





























										circulation 												patterns




















WEATHER





redistribution of solar energy


horizontal & vertical movement of air masses with varying moisture content


evaporation & condensation of water








GLOBAL WEATHER





















































Corols effect ===> spiral shaped air circulation patterns





Jet streams ===> shifting rivers of air


			west ---> east


			v~ 200 km/h





cyclonic storms


typhoons


hurricanes


tornadoes














INVERSIONS & AIR POLLUTION





increasing temperature with increasing altitude (limitation of vertical circulation)





Results:


air stagnation


trapping of pollutants





Radiation inversions


forms at night (differences in temperature)


cold air accumulates in valleys





Subsidence inversions


accumulation of warm compressed air





Marine inversions


in summer


cool air with moisture under warm inland air

































































ATMOSPHERIC CHEMISTRY





inorganic oxides


CO, CO2, NO2, SO2





oxidants


O3





reductants


CO, SO2, H2S





organics


CH4, alkanes, alkenes, aryl compounds





photochemically active species


NO2, formaldehyde





acids


H2SO4





bases


NH3





salts


NH4HSO4





unstable reactive species


radicals








* radiant energy


�*hydroxyl radicals HO	(daytime)





PHOTOCHEMICAL PROCESS:





�NO2 + hu ---> NO2*





		electronically excited








Free radicals


atoms or molecular fragments with unshared electrons





Ions


electrically charged atoms or fragments of molecules








REACTIONS FOLLOWING ABSORPTION OF QUANTUM OF LIGHT:





1. physical quenching





O2* + M ---> O2





2. dissociation





O2* ---> O + O





3. direct reaction





O2* + O3 ---> 2O2 + O





4. luminescence





NO2* ---> NO2 + hu








fluorescence


phosphorescence


chemiluminescence





O3 + NO ---> NO2* + O2





5. intermolecular energy transfer





O2* + Na ---> O2 + Na*





6. Intramolecular transfer





XY* ---> XY+


7. Spontaneous isomerization
































8. Photoionization





N2* ---> N2+ + e








IONOSPHERE





>= 50 km


presence of ions








Free radicals:

















chain termination:





H3C¥   + H3C¥   ---> C2H6








HYDROXYL & HYDROPEROXYL RADICALS





HO¥





H2O + hu ---> HO¥ + H





photolysis of water


photolysis of nitrous acid vapors:





HONO + hu ---> HO¥ + NO





photolysis of ozone





O3 + hu (l < 315 nm) ---> O* + O2





O* + H2O ---> 2HO¥








REACTIONS OF HO¥





CH4 + HO¥ ---> H2C¥ + H2O





CO + HO¥ ---> CO2 + H





H3C¥ + O2 ---> H3COO¥ (metoxyperoxyl radical)





H + O2 ---> HOO¥ (hydroxyperoxyl radical)





HOO¥ + HO¥ ---> H2O + O2





HOO¥ + HOO¥ ---> H2O2 + O2





HOO¥ + NO ---> NO2 + HO¥





HOO¥ + O3 ---> 2O2 + HO¥











[HO¥]  ~ 2 x 105 --1 x 106 / cm3


























CHEMISTRY & THE EVOLUTION OF ATMOSPHERE





CO2, H2O, CH4, NH3, H2


�


		+ 		hu








aminoacids, sugars


�











CO2 + H2O + hu ---> {CH2O} + O2





4Fe2+ + O2 + 4H2O ---> 2Fe2O3 + 8H+





accumulation of O2 in atmosphere


		ozone shield








ACID-BASE REACTIONS





acids:


	   water


CO2 (g) ------> CO2 (aq)





CO2 (aq) + H2O ---> H+ + HCO3-








SO2 (g) + H2O ---> H+ + HSO3-





neutralization;





Ca(OH)2(s) + H2SO4(aq) ---> CaSO4(s) + H2O





NH3(aq) + HNO3 ---> NH4NO3





NH3 + H2SO4 ---> NH4HSO4








presence of NH3 in atmosphere


partial neutralization of acids


presence of corrosive salts








REACTIONS OF ATMOSPHERIC OXYGEN





�burning of fossil fuels





CH4 + 2O2 ---> CO2 + 2H2O			===> consumption





oxidative weathering





4FeO + O2 ---> Fe2O3





___________________________








plant photosynthesis





CO2 + H2O + hu ---> {CH2O} + O2 








O2, O, O2*, O3








O ---> thermopshere





O2 + hu ---> O + O





l = 	135 - 176 nm


	240- 260 nm


_______________________


O*





photolysis of ozone (bond energy 26 kcal/mol)





O3 + hu (l < 308 nm) ---> O* + O2





O + O + O ---> O2 + O*


��O* emits visible light 		636 nm


�					630 nm		airglow


					558 nm


__________________





O+ 	oxygen ion





�O + hu ---> O+ + e





O+ + O2 ---> O2+ + O			in ionosphere





O+ + N2 ---> NO+ + N








O2 + hu ---> O2+ + e





hu: l = 17-103 nm


	X-ray





N2+ + O2 ---> N2 + O2+








OZONE, O3








O2 + hu ---> O + O





O + O2 + M ---> O2 + M





C ~ 10 ppm (25 -30 km)





DECOMPOSITION OF O3 IN THE STRATOSPHERE:





2O3 ---> 3O2





O3 + hu ---> O2 + O





O3 + O ---> O2 + O2





O3 + HO¥ ---> O2 + HOO¥


HOO¥ + O ---> HO¥ + O2





O3 + NO ---> NO2 + O2





NO2 + O ---> NO + O2





N2O + O ---> 2NO








O3 in troposphere





toxic to animals & plants





causes damage of materials





REACTIONS OF ATMOSPHERIC N2





> 100 km





N2 + hu ---> N + N


______________________





N2+ + O ---> NO+ + N





NO+ + e ---> N + O





O+ + N2 ---> NO+ + N





N2 + hu ---> N2+ + e





N2+ + O ---> NO+ + N


____________


NO + hu ---> NO+ + e





____________





NO2 + hu ---> NO + O











ATMOSPHERIC CO2








CO2 + hu ---> CO + O





C CO2 --- 0.035%


�


C = 0.070% ===> T  		1.5 - 4.5 %








ATMOSPHERIC WATER





absorbs infrared radiation





water in stratosphere:





CH4 + 2O2 + hu ---> CO2 + 2 H2O





H2O + hu ---> HO¥ + H








PARTICLES





electrification phenomena


cloud formation


fog formation


light reflecting


nuclei for ice crystals & water droplets
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