CH1011

Tutorial  10 Answers


1. As a raindrop falls it readily absorbs soluble gases which increase in concentration inside the drop. 

· Calculate the concentration of aqueous sulphur dioxide in a raindrop that is in a parcel of air containing a gas-phase concentration of SO2 of 3 ppm.  The Henry's Law constant for SO2 is 1.470 mol dm-3 atm-1.

· Explain how apparent aqueous SO2 concentrations higher than those predicted by Henry's Law may be obtained.

%i = ppmvi x 10-4

pi = (%i / 100) patm





%SO2 =3 ppmv x 10-4 

pSO2 = (3 x 10-4 / 100) x 1 atm = 3 x 10-6 atm
[SO2(aq)] = pSO2 KH =  3 x 10-6 x 1.470 mol dm-3 

= 4.41 x 10-6 mol dm-3
SO2 may react on the inside of the rain drop to form SO3 which may then react further to form H2SO4. This will lead to the reduction of the equilibrium concentration of SO2 inside the raindrop and to restore this further SO2 will be absorbed into the rain drop.  

2. 
Explain the term Base Neutralising Capacity.  How does this parameter differ from the 
 
pOH of a water sample? 

Base Neutralising Capacity 
[BNC] = [HA] + [H+] - [OH-]
The major acids [HA] are: H2CO3, fulvic & humic organic acids, HCl, H2SO4.

BNC is the sum of all acids in a water that can be titrated to a fixed equivalent point using the strong base NaOH, it is the ability of the water to neutralise added base.  

The total acidity is determined by titration to the phenolphthalein indicator endpoint (pH 8.2), while the titration of mineral acidity is found by titration to the methyl orange indicator endpoint (pH 4.3).

The units are meq / L ( the mmol OH- equivalents titrated per litre).

The pOH of a sample indicates the available OH- in the solution as an intensity factor of OH-. It is usually determined indirectly by measuring pH and then using the ion product of water.

14 = pH + pOH 

For a weak acid it must have a high concentration to generate an appreciable H+ intensity, due to only partial dissociation to give H+, eg H2CO3   A strong acid may have a low concentration and yet display a appreciable H+ intensity as it is fully dissociated eg. HCl. In contrast a moderately high BNC may be found with a weak acid if it has a moderate concentration as this is a capacity factor that relates simply to the total concentration of the acid and not the liberated concentration of H+. A strong acid with an equivalent pH will have a lower BNC as there will be a lower total concentration of the acid present.
3.
Explain the chemical basis for the BOD test and the similarities and differences to 
 
the COD test.

In the BOD test at time = 0 a DO measurement is made to ascertain the DO level in the water before oxidation of organic matter has taken place  The sample is diluted with a BOD diluent containing nutrients (Mg, Ca, Fe, P) that has been fully aerated.  A Winkler titration (which relies on a stoichiometric reaction between Mn2+ and O2 followed by a subsequent I2 / S2O32- titration) or an electrochemical DO probe are used to make the measurements (mg / L of dissolved oxygen).

The water sample is placed in a sealed BOD bottle and incubated at 20oC for 5 days and microbial oxidation of the organic matter in the water sample takes place.  {CH2O}  + O2  (  CO2 + H2O

T = 5d a second DO measurement is made to ascertain the DO level after oxidation.

The difference between the two DO measurements indicates the biochemical oxygen demand in the water, which is then related to the organic load of the water.  Normal values in unpolluted water are around 2mg /L,  high values are found in organically polluted water 1000s mg /L. A test which attempts to replicate the conditions found in natural waters and it best used for routine monitoring of water quality waterways as it takes 5 days per test.

The COD test is similar in that it involves oxidation of the residual DOC but it differs in that a strong chemical oxidant (e.g. H+/Cr2O7) is added in excess and the amount in excess is determined by back titration with standard Fe2+ solution.  The advantage of this is that it takes only two hours at reflux to carry out the test, it is most appropriate for testing industrial waste effluent.

4.
Calculate the ionic strength of a water containing 2.0mg / L NaCl, 20.0 mg / L 
 
Ca(HCO3)2, and 5.0 mg / L MgSO4.

I = 1/2 ( ci zi 2

M
c cation
c anion
cation c z2
anion c z2
NaCl 
58.45
3.42e-5
3.42e-5
3.42e-5
3.42e-5

Ca(HCO3)2
162
1.235e-4
2.47e-4
4.94e-4       
2.47e-4

MgSO4
120.3
4.16e-5
4.16e-5
1.664e-4
1.664e-4

 I = 5.7 e-4 mol dm-3
1) Convert all concentrations to mol  / l


[Na] = [Cl] = 3.42e-5    [Ca] = 20 x 10-3 / 162.1 = 1.23e-4    [HCO3] = 2.46e-4


[Mg] = [SO4] = 0.005 / 120.31 = 4.16e-5

2) I 
= 1/2 ([Na].1 +      [Cl].1 +     [Ca].4 +        [HCO3-].1 + [Mg].4 + [SO4].4


= 1/2 (3.42e-5  +  3.42e-5  +  1.23e-4.4  +  2.46e-4.1   + 4.16e-5.4  + 4.16e-5.4)


= 1/2 (1.1139e-3)


= 5.7e-4 mol l-1.

5.
Describe the major chemical processes which result in the formation of a "London" smog, 
 
include the key compounds and the physical conditions required for such a smog to form. 

· What measures have been put in place in Europe to reduce the possibility of "London" type smogs?

· What measurements would you expect to carry out to declare a smog event?

Classic “London smog” is a product of coal combustion under oxygen poor conditions which form soot + CO + SO2.  

4’CH’ + 3O2( 4CO + 2H2O     insufficient O2
4’CH’ + O2( 4C + 2H2O          insufficient O2
 Further reduction in O2 levels results in the formation of carcinogenic PAHs.

Coal also contains significant quantities of FeS2     4FeS2 + 11O2( 8SO2 + 2Fe2O3

 SO2 reacts to form an H2SO4 aerosol mist.   2SO2 + 2H2O + O2( 2H2SO4    (Mn cat.)

The London smog is therefore a result  of the emission of large quantities of primary pollutants especially particulate matter.

The other factor that is necessary to form the SMoke fOG is very static air. In London
temperature inversions are common where the ground air is cooler than the upper air trapping the emitted pollutants above ground level.  The smoke particles act a condensation nuclei for fog formation.

The water present in the fog is highly acidic due to reaction in the fog drops.

The air particle load reduces  light intensity to visibility < 30m.
To declare such a smog you would monitor particulate levels using a HighVol sampler in particular looking at the PM2.5 level, when this exceeds 65 mg / m3 and if the SO2 and CO levels are high (UV and IR spectrometers, resp.)  while O3 and VOC are low then a London smog is present.

Coal fired combustion has been nearly eliminated for domestic heating.  Coal fired power stations now use a combination of bag-houses and Cottrell precipitators to reduce the amount of  particulate material released dramatically.  Scrubbers are now used to remove SO2 from flue gases, these typically react limestone (CaCO3) with the gas to form gypsum (CaSO4.2H2O) which can either be sold or dumped safetly.


































