Lecture 2

CE260

G. Hoag/Spring 2000

Units of Expression
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· For dilute aqueous solutions in H2O 1M ( 1m
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· Mass Concentration
· Example ppm, ppb, ppt
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· For dilute aqueous solution in H2O 1mg/L = 1ppm

· Expression of concentration

· e.g. [NH3] also [NH3-N] molar concentration of N in NH3 form (equivalent conc.)

· Recall mass balance on dissolved nitrogen
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· Some definitions

· Molecules – groups of atoms bonded together

· Ions – charged species

· Valence - # of electrons a species has lost or gained e.g. Al3+, Cl-
· Covalent bon – electrons are shared among atoms

· When like atoms are covalently bonded e.g. O2 electrons are equally shared

· When unlike atoms are covalently bonded e.g. NH3 one atom more strongly attracts electrons from the other atom causing a negative charge distribution different from + charge distribution – the compound is polar.

· Polar bonds result in the formation of secondary bonds (influence – volatility, viscosity, solubility, etc.)

Oxidation Number

· f(# electrons associated)

· Rules for assigning an oxidation # 

· ( of oxidation number of a neutral compound is 0, otherwise the sum must equal the charge of the ionic species

· oxidation number of all elements in their free state is 0

· alkali metals (1st column of the periodic table) oxidation state = +1

alkali earth metal (2nd column of the periodic table) oxidation state = +2

· oxidation state of O is –2 except for peroxide then –1

· hydrogen has an oxidation state of +1 except in metal hydrides = -1 e.g. NaH

When Mass Balancing a Reaction

· Mass must be conserved

· Charge must be conserved

· Balancing the reactions

· MnO2 + 4HCl ( MnCl2 + Cl2 + 2H2O

· Cl2 no charge species

· MnO4- + H2O + e- ( MnO2 + OH-
· Step 1 balance atoms 

· MnO4- + 2H2O + e- ( MnO2 + 4OH-
· Step 2 balance the charge

· O = -2, Mn = +7 to get –4 on left need 3e-
· MnO4- + 2H2O + 3e- ( MnO2 + 4OH-
· Note: I would like to denote phase of species

· ag(aqueous), g(gas), s(solid)

Oxidation Reduction Reactions “Redox” 

· Involve electron transfer

· One compound gives up electron (oxidized or reducing agent) - can write rxn

· One compound gains an electron (reduced or oxidizing agent) – can write rxn

· These separate rxns are called half reactions

· In the overall reaction e- do not always appear – convention for writing half reactions is that they are written as reduction equations

· e.g. Remember   MnO4- + 2H2O + 3e- ( MnO2 + 4OH- (rxn #23, pg. 11)

· 1/3 MnO4- + 4/3 H+ +e- = 1/3 MnO2 +2/3 H2O (this is a half reaction)

· permanganate is reduced (it is an oxidant)

· (rxn #14) Fe3+ + e- = Fe2+ reverse Fe2+ = Fe3+ + e-
· Redox reaction

· 1/3 MnO4- + Fe2+ + 4/3 H+ = 1/3 MnO2 +2/3 H2O + Fe3+
· We can see how a Redox reaction is comprised of the reduction half rxn and the oxidation half reaction

· Fe2+ is oxidized “losses electrons”

· KMnO4 is reduced “gains electrons”

Equilibrium

· Recall that elementary reactions (rxn order can  be determined from stoichiometry) may be mono, di and sometimes tri- molecular rxns
AA +bB ( cC + dD at equilibrium
· Equilibrium expression is:
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· Time to reach equilibrium is another matter and is a function of the type of reaction

· We also recall equilibrium constant K= f(temperature)

· VF = rate of forward reaction = k1 [A]a [B]b
· Vr = rate of reverse reaction = k2 [C]c [D]d
· At equilibrium Vf = Vr
· Therefore k1 [A]a [B]b = k2 [C]c [D]d
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Conductivity and Ionic Strength

· Concentration and charge of ions in solution affect the characteristics of the solutions

· Conductance

· Ability of solution to carry a current

· Recall ohms law

E = iR

· Where

· E = voltage drop across electrodes
· i =  current in amps
· R = resistance in Ohm’s
· Resistance is ( to separation of the electrodes and inversely ( to the surface area of the electrode

R = (l/A

· Where

· R = resistance (Ohm)

· ( = specific resistance of sol’n (Ohm-cm)

· l = distance between electrode (cm)

· A = surface area of electrode (cm2)

· Specific conductance – related to the sum of all charge carriers both + and – ions

· Inverse of specific resistance K= 1/( (mhos/cm)
· Equivalent weight
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· Ideally one equivalent weight of any substance would have the same specific conductance, so a 1N solution contains 1 equiv. wt/L and K is related to equivalent conductance (() of a compound
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· Where: k= adjustment factor (ideal solution k = 1)

· Specific conductance is used to estimate TDS

· Standard methods 1992
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· ( = umhos/cm

· k varies from 0.55 to 0.90

· Ionic strength = ( =  ( of all charged species in solution
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· Where:

· Ci = molar concentration of ith ion

· Zi = charge of Ith ion

· Langlre (1936) developed correlation

·  ( = 2.5*10-5 (TDS mg/l) 

· Russell 1976

· ( = 1.6*10-5 K (umhos/cm)

Chemical Kinetics
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· k is a rate constant

· If k = + then production

· If k = - then removal

· mA ( Production 
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· n is the order of the reaction

· zero order, 1st order, and 2nd order respectively
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· Retardant – rate change (( with time
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· ( = characteristic reaction constant

· autocatalytic – reaction accelerates spontaneously

· catalysis – accelerates a reaction but is not changed in composition as a result of the reaction

· Arrhenius found that chemical reaction rates (k) inc. with increasing temperature
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· Linearized
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· Ea = f(rxn mechanism type)

· Can rearrange Arrhenius
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· Where:

· kT1 = reaction rate at T1

· kT2  = reaction rate at T2

· ( = constant and f(type of reaction)

· Gas laws

· Boyles law (pV is a constant)
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· p = pressure

· V = volume

· Charles law
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· V = volume at a fixed pressure

· T = temp (K)

· Ideal gas law
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· Dalton’s law
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· Henry’s law
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error in book Table 1.4 mg/L/atm

· Air w/ 21% by volume O2 

· What’s the Cs of O2 in H2O @ 0(C and 20(C
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· 0(C
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· 20(C
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