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INTRODUCTION TO POOL CHEMISTRY

Common chlorinating agents used to kill algal and bacterial growth on pools include Hypochlorous acid HOCl and the hypochlorite ion OCl–.

Sodium hypochlorite is stable in alkaline aqueous solution and is readily available as a 5% solution sold as a household bleach or as 10% and 12% solutions sold in pool supply stores.

Once in the water, equilibrium is established between the strong oxidant HClO and the weaker ClO– ion

H2O + HOCl ⇌ H3O+ + OCl– ......... Ka = 3 x 10–8
The equilibrium is pH dependent and is very sensitive in the range of pH 7 to 8.

The negative charge on the hypochlorite ion hinders passage through bacterial membranes, so HOCl is the preferred species to oxidize the cell contents.

(HOCl is about 80 times more effective than the OCl– anion.)

Conversion of almost all free chlorine to HOCl is easily accomplished by dropping the pH to 6 or so. 
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Measurement of low concentrations of Chlorine can be done by titrating ~100ppm "pool water" directly into acidified methyl orange which reacts 1:1 with free chlorine.
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Safety:

Chlorine compounds can be hazardous and must be treated with respect.

Because of the widespread use of these compounds in household cleaning agents and as a disinfectant, it is important that students recognize the hazards of using Chlorine and learn to work with it in a safe manner.

The experiments have been designed to keep exposure of students far below what would be encountered by using an average household cleanser.

Nevertheless, Chlorine and chloramines do affect the respiratory system at low levels so CARE must be taken to minimize the chance that either will be generated in the classroom.

Chlorine gas is generated when HClO is placed in acidified solution.

Always add the Pool water to the acidified Methyl Orange so that the

hypochlorite reacts with dye before Cl2 gas is formed.

Using micro-techniques, there is a minimum amount of chlorinated water in the reaction vessel.

LOSSES IN SUNLIGHT:

Hypochlorite undergoes rapid photolysis in the presence of UV light

[λ = 290 to 350 nm] from sunlight.

About 90% of chlorine consumed by outdoor pools is the lost due to the photolysis reactions:

  2 OCl- + UV → 2 Cl- + O2 (g)

and 

2 HOCl- + UV → 2 HCl + O2 (g)

To stabilize chlorine levels, the herbicide isocyanuric acid [toxic to radishes and barley] is added to the water and reacts with OCl– to give dichloro(iso)cyanuric acid. This is not broken down by sunlight, but the equilibrium reaction will shift to compensate for

losses of OCl–.
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Use Le Chatelier’s principle:

a) Why does this work?

b) What happens if you add TOO MUCH “sunscreen”?

Chloramines

The tendency of ammonia and ammonia-like compounds (including proteins) to react with HOCl forming chloramines is very important:

   NH3 + HOCl ( NH2Cl + H2O

NH2Cl + HOCl ( NHCl2 + H2O

Chloramines are mildly toxic to bacteria, but tend to be irritating to eyes and skin, so they are unwelcome additions to the pool.

Fortunately, Chloramines react with each other, as 

NH2Cl + NHCl2 ( N2 (g) + 3 HCl

If too much HOCl is available, an undesirable competing reaction takes place.

NHCl2 + HOCl ( NCl3 + H2O

Nitrogen trichloride is very irritating to eyes and mucous membranes. It off-gases to the air creating a distinctive "swimming pool" smell that most people identify as the smell of chlorine. Ironically, if the pool has the correct levels of chlorine, there will be little if any odour.
Concn of Methyl O:

MM = 327.34g/mol

Conc = 0.5g/L

Molarity = moles / L = (0.5 g / 327.34g/mol)/L




     =0.001527 M  (c1) =  1.527 x 10-3 M
Conc = moles / L

So Moles =  conc x vol    1 mol MO goes with 1 mol HOCl

So c1v1 = c2v2
1.527 x 10-3 M x 0.94ml = c2 x 0.19g ( ~ 6 x 10-3 M
V1 = vol of MO = mass of MO  if 1mL = 1 g

V2 =  vol of bleach = mass of bleach used 
