FUNDAMENTALS OF AQUATIC CHEMISTRY





REACTIONS:

acid-base

solubility

oxidation-reduction



*Phenomena in natural water systems are very COMPLEX



mineral phases

gas phases

organisms

dynamic systems

polynuclear species



��EXACT DESCRIPTION IS NOT POSSIBLE !!!!
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HYDROGEN BONDS



bonds between hydrogen in one water molecule  & the oxygen in another water molecule





Association of water:





























GASES IN WATER



O2, 	CO2, 		N2



HenryÕs Law



solubility of gases in a liquid is proportional to the partial pressure of that gas in contact with the liquid





OXYGEN, O2



SOURCE:

contact with atmosphere (20.95%)

photosynthetic action of algae





Solubility depends on:



temperature

partial pressure of oxygen in atmosphere

salt content in water



��Solubility		maximum dissolved oxygen at equilibrium



�concentration	limited by rate of dissolving





CO2 (25 oC, 760 mm Hg) = 8.32 mg/L



Consumption:

biodegradation of pollutants

degradation of biomass of algae

metabolic process of algae



Consumption of oxygen:





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

~ 8 mg of organic matter consumes oxygen from 1 L of water at 25 oC !!





O oC		------->  14.74 mg/L

25 oC	-------> 8.32 mg/L

25 oC	-------> 7.03 mg/L





WATER ACIDITY

�

water acidity

capacity of the water to neutralize OH-



water alkalinity

capacity of the water to neutralize H+





Source:

pollution

CO2, H2PO4-, H2S

proteins, fatty acids, acidic metal ions



free mineral acids: strong acids, H2SO4, HCl



�DETERMINATION



1. Total acidity

titration with base to phenolphthalein end point (pH 8.2)



2. Free mineral acid

titration with base to methyl orange end point (pH 4.3)



Contribution of hydrated metal ions to acidity:



Al(H2O)63+ ==== Al(H2O)5OH2+ + H+





REASON???





CO2 in WATER



CO2, bicarbonate ions (HCO3-), carbonate ions (CO32- )





CO2 (water) ======= CO2 (Atmosphere)



MCO3	 ======= M2+ + CO32-

slightly soluble salt





strong buffering effect upon the pH of water



formation of HCO3- & CO32- increases the solubility of CO2



< 25 mg/L !!!



SOURCES OF CO2 IN WATER:

contact with atmosphere

product of breakdown of organic matter by bacteria

respiration of organisms in soils

dissolving of calcium carbonate



CaCO3(s) + CO2(aq) + H2O ====== Ca2+ + 2HCO3-



C(CO2) ( water, 25 oC) = 1.146 x 10-5 M



CO2(aq) + H2O ==== H2CO3				K = 2 x 10-3



******************************************

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

�		pKa1= 6.35



HCO3-   ===== CO32- + H+

�		pKa2= 10.33



ALKALINITY

Capacity of water to accept H+



HCO3- + H+ -----> CO2 + H2O



CO32- + H+ -----> HCO3-



OH- + H+ -----> H2O



ammonia, conjugate bases of phosphoric acid, silicic acid & organic acids



[alk] = [HCO3-] + 2[CO32- ] + [OH-] - [H+]





phenolophtaleine alkalinity

titration with acid to the pH at which HCO3- is the predominate carbonate

pH= 8.3



total alkalinity

titration to the methyl orange end point (pH= 4.3) (only CO2)







�

��BASICITY 		ALKALINITY



intensity factor				capacity factor



1 x 10-3 M NaOH		?	0.1 HCO3-



pH=11					pH = 8.34



units of alkalinity: mg/L of CaCO3





CaCO3 + 2H+ ------> Ca2+ + CO2 + H2O







chemists: eq/L



number of moles of H+ neutralized by the alkalinity in a liter of solution



ALKALINITY OF NATURAL WATER:



[Alk] ~ 1.00 x 10-3 eq/L



contribution of species depends on pH





pH 7



[OH-] << [HCO3-], [CO32- ]





[HCO3-] >> [CO32-]

��



[HCO3-]  ~ 1 x 10-3 M



from K1:

[CO2] = 2.25 x 10-4 M



pH 10



[alk] = [HCO3-] + 2[CO32- ] + [OH-]



�



�







[HCO3-]  = 4.64 x 10-4 M



[CO32- ] = 2.18 x 10-4 M





[alk] = 4.64 x 10-4 + 2 x 2.18 x 10-4 + 1 x 10-4



[alk]= 1x 10-3 eq/L





DISSOLVED INORGANIC CARBON : [C]





[C] = [CO2] + [HCO3-] + [CO32- ]



pH dependent



at 7: [C] = 2.25 x 10-4 + 1 x 10-3 + 0 = 1.22 x 10-3



at 10: [C] =  0 + 2.18 x 10-4 + 4.64 x 10-4 + 0 = 6.82 x 10-4



so with the same alkalinity by changing in pH we have different [C]



C can be used in photosynthesis



when:



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

&



HCO3- + H2O + hu ----> {CH2O} + OH- + O2



water becomes more basic





[C] consumed = K [alk]



pH 7 ====> pH 10



[C]pH7 x 1L - [C]pH10 x 1 L = 1.22 x 10-3 mol- 6.82 x 10-4 mol = 



=5.4 x 10-4 mol====> increase in biomass ===> measure of fertility

ALKALINITY & SOLUBILITY of CO2



1. pure water�2. alkalinity : 1 x 10-3 eq/L��solubility = [CO2 aq] + [HCO3-]



sol=1.146 x 10-5 + 2.25 x 10-6 =

= 1.381 x 10-5�CO2aq + OH- === HCO3-



sol = 1.146 x 10-5 + 1 x 10-3 =

= 1.01 x 10-3��



CALCIUM & OTHER METALS IN WATER



Mn+



bonded or coordinated to other species

��

					water molecules

					strong bases



M(H2O)xn+



To reach maximum stability



acid-base



Fe(H2O)63+ ==== FeOH(H2O)52+ + H+



precipitation



Fe(H2O)63+ ==== Fe(OH)3(s) + 3H2O + 3H+



oxidation-reduction



Fe(H2O)62+ ==== Fe(OH)3(s) + 3H2O + e + 3H+





SPECIFICATION OF METALS:

hydrated ions : Fe(H2O)63+

hydroxy species: FeOH(H2O)52+

metal complexes (bound to inorganic ions or organic compounds)

oragnometallic complexes containing carbon-to-metal bonds

HYDRATED METAL IONS AS ACIDS



acidity of metal ions increases with charge and decreases with radius



Fe(H2O)63+ ==== FeOH(H2O)52+ + H+ 			Ka1= 8.9 x 10-4





POLYMERIZATION







2FeOH(H2O)52+ ----> (H2O)4Fe		Fe(H2O)44+ + 2H2O







Al(III), Be(II), Bi(III), Ce(IV), Co(III), CU(II), Ga(III), Ma(V), Pb(II), Sc(II), Sn(IV), U(VI)



------> hydroxypolymers-----> colloidal hydroxy polymers------>



-------> precipitates



CALCIUM:



gypsum: CaSO4  2H2O

anhydride: CaSO4

dolomite: CaMg(CO3)2

calcite

aragonite: CaCO3



WATER HARDNESS ====> Ca, Mg, Fe



temporary hardness:



Ca2+ + 2HCO3- ==== CaCO3(s) + CO2(g) + H2O



___________________________________________

CaCO3 + CO2(aq) + H2O ==== Ca2+ + 2HCO3-



equilibrium between dissolved CO2  & CaCO3 minerals exists
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