
 

 

pH and Indicators 

 

pH = - Log10 [H+] 
 

pOH = -Log10 [OH-] 

 

Self Ionisation of Water 

H2O  ⇆   H+   -    OH- 
 

Ionic Product of Water 

Kw  =  [H+] [OH-] 
 

Note 

At 25oC  the value of Kw  =  1 x 10-14 

[H+] [OH-] =  1 x 10-14 
 

[H+]  =  [OH-] 

→ [H+]2   =  1 x 10-14 

→ [H+]  =   1 x 10-7 

 

pH   =   - Log10 [H+] 

pH   =   - Log10 (1 x 10-7)   =   7 

 

pH  +  pOH  = 14 

 

 

 



 

Temp (oC) Kw pH 

10 3 x 10-15   7.26 

25 1 x 10-15   7 

50 5 x 10-14   6.65 

 

As the temperature of the water changed the pH of the water varies 

But pure water is still neutral  

because there is an equal number of [H+]  and [OH-] 
 

pH scale ranges from 0 to 14 

 

Limitations of Scale 

The pH scale is limited to dilute solutions of acids and alkalis.   

Values outside the range 0 to 14 are possible but do not tend to be accurate 

because even strong acids and bases do not dissociate completely in highly 

concentrated solutions. 

 

pH values can be measured using universal indicator or a pH meter. 

 

pH calculations for strong acids use 

pH = - Log10 [H+] 

 

pH calculations for strong bases use 

pOH = -Log10 [OH-] 

and  

pH  +  pOH  = 14 

 

 



pH calculations for weak acids use 

pH  =  -Log10   

 

pH calculations for weak bases use 

pOH  =  -Log10   

 

and  

pH  +  pOH  = 14 

 

Acid Base Indicators 

Most indicators are either acids or bases. 

 

How indicator works 

A weak acid indicator dissociates 

HIn   ⇆   H+   +   In- 

                                                 Red                   Blue 

The acid HIn has one colour and its conjugate base In- has a different colour.  

In acidic solution H+ ions are present.    

 

When the indicator is placed in the acidic solution the equilibrium shifts to 

left according to Le Chatelier to reduce the H+ ions and minimise the 

disturbance.  The red colour of HIn dominates 

 

In basic solution OH- ions are present.   When the indicator is placed in the 

basic solution the H+ ions of the indicator reacts with the OH- ions.  This 

removes the H+ ions so the equilibrium shifts to the right according to Le 

Chatelier to replace the H+ ions and minimise the disturbance.  The blue 

colour of In- dominates. 



A weak base indicator dissociates 

         MOH   ⇆   M+   +   OH- 

                                                 Blue        Green      

The base MOH has one colour and its conjugate base has a different colour.   

In acidic solution H+ ions are present.   When the indicator is placed in the 

acidic solution the OH- of the indicator reacts with the H+ ions.  The 

equilibrium shifts to the right according to Le Chatelier to replace the OH- 

ions and minimise the disturbance.  The green colour of M+ dominates 

 

In basic solution OH- ions are present.   When the indicator is placed in the 

basic solution the equilibrium shifts to the left according to Le Chatelier to 

minimise the disturbance and reduce the OH- ions. The green colour of M+ 

dominates. 

 

Choice of Indicator 

The indicator chosen for an acid base titration will depend on the titration 

curve.  For every titration there is a vertical region around the point of 

neutralisation. 



 
When choosing an indicator for a titration  

1. The indicator has a range of pH during which it changes colour 

completely.  To measure the point of neutralisation accurately the 

indicator must change colour completely during the vertical section of 

the titration curve for that titration. 

 

2. The indicator must have a distinct colour change 

 

3. The indicator must have a sharp end point 

 

 



Hardness in Water 

 

Hard water is water that will not easily form a lather with soap. 

Hardness is caused by the presence of Ca2+  or Mg2+ ions dissolved in the 

water.  These ions react with the soap to form a scum rather than a lather. 

 

Two Types of Hardness 

Temporary Hardness 

Permanent Hardness 

 

Temporary Hardness is hardness that can be removed by boiling. 

Temporary hardness is caused by  

 Calcium Hydrogencarbonate   Ca(HCO3)2 

 Magnesium Hydrogencarbonate   Mg(HCO3)2 

 

When boiled 

Ca(HCO3)2    heat     CaCO3  +  CO2  +  H2O    

Ca2+  are removed from the water and now form the precipitate CaCO3 at 

the bottom of the kettle etc.  This is referred to as limescale.  This can 

damage kettles and hot pipes. 

 

Permanent Hardness is hardness that cannot be removed by boiling. 

Permanent hardness is caused by  

 Calcium Chloride   CaCl2 

 Magnesium Chloride   MgCl2 

 Calcium Sulfate   CaSO4 

 Magnesium Chloride   Mg SO4 



Both temporary hardness and permanent hardness is removed by ion 

exchange. 

 

When the water passes through the ion exchange resin (for example a 

sodium resin)  the Ca2+  or Mg2+ ions  in the water are replaced by Na+  ions.  

The calcium ions remain on the resin.  Sodium ions do not cause hardness. 

 

Ca2+   +  Na2R    →   CaR   +   2Na+ 

 

Deionised Water 

Water is passed through a resin which replaces all the positive ions in the 

water by H+ ions 

 

X2+   +  H2R    →   XR   +   2H+ 

 

Water is then passed through a resin which replaces all the negative ions in 

the water by OH-  ions 

 

Y -   +  ROH    →   RY   +   OH- 

 

The ions H+  and OH- combine to form H2O 

 

H+  and OH-   →  H2O 

 

Deionised water has all its ions removed. 

 

Distilled water is much purer than deionised water because as well as ions 

distilling also removes non ionic substances and dissolved gases. 



 

Advantages of Hard Water Disadvantages of Hard Water 
Contains calcium for bones and teeth Blocks pipes and leaves scale on kettles 

Tastes better Wastes soap 
Good for brewing and tanning industries Produces scum when soap is used 

 

Water Treatment 

Screening 

 Screening is the removal of large floating debris such as twigs etc. by 

passing the water through a wire mesh. 

 

Flocculation 

A flocculating agent such as Aluminium Sulfate is added to the water.  This 

causes the small suspended particles to coagulate into large flocs.  These 

then settle out of the water. 

 

Settlement (Sedimentation) 

Water is passed into settlement tanks and more of the suspended particles 

settle out of the water. 

 

Filtration 

Any remaining particles are removed by passing the water through a bed of 

sand supported on layers on gravel. 

 

Chlorination 

Chlorine gas is added to the water to kill harmful microorganisms and to 

prevent reinfection. 

 

 



Fluoridation 

A compound of fluorine such as sodium fluoride is added to prevent tooth 

decay. 

 

pH adjustment 

The treated water should be slightly alkaline to prevent corrosion of pipes.  

If the water is too acidic lime is added to raise the pH.  If it is too alkaline 

dilute sulphuric acid is added. 

 

Sewage Treatment 

 

Primary Treatment involves 

 Solids and large floating debris are screened from the waste water  

 Remaining solids are removed by allowing the waste to settle in 

sedimentation tanks 

 

Secondary Treatment involves 

 Aerobic microorganisms break down organic waste in the sewage by 

oxidation in air to carbon dioxide and water 

 

Tertiary  Treatment involves 

 Removal of nitrates and phosphates 

Phosphates are removed by precipitation with Aluminium Phosphate 

Nitrates are removed by biological nitrification. 

 

Tertiary Treatment is not common in Ireland largely because of cost. 

Eutrophication 



Eutrophication is the enrichment of water with nutrients which causes rapid 

growth of algae which leads to deoxygenation of water and the eventual 

death of aquatic life. 

 

Pollution caused by uncontrolled use of nitrate fertilisers 

Waterways can also be polluted by runoff of excess fertiliser from farmland.  

The fertiliser spread on the land may be artificial or it may be natural e.g. 

animal slurry.  Either way, if the quantity used is not carefully controlled, 

excess nitrate may be washed into rivers or lakes by rainwater.  

Eutrophication may result.  Increased regulation of the use of fertilisers in 

Ireland has brought about a reduction in the amount of pollution of 

waterways. 

 

Biochemical Oxygen Demand 

Biochemical Oxygen Demand is the amount of dissolved oxygen consumed 

by biological action when a sample of water is kept at 20oC in the dark for 

five days. 

Why 20oC   

The rate at which microorganisms use up oxygen depends on temperature.  

A standard temperature has to be selected to allow valid comparisons 

between different samples of water. 

Why in the dark   

This is to prevent photosynthesis from replacing the oxygen used up by the 

microorganisms.  This would affect the accuracy of the result. 

Why five days   

A standard length of time is needed for comparison purposes.  The five day 

interval allows enough time for the microorganisms to adjust to their 

environment.  If any longer were allowed, however, then all of the oxygen 



might be used up, and therefore a measurement of the amount of dissolved 

oxygen could not be made. 

 

Pollution by heavy metal ions in water 

In the absence of recycling dumping of used batteries can lead to the 

presence of Mercury (Hg2+), Lead (Pb2+) and Cadmium (Pb2+) ions in water.  

These are cumulative poisons, i.e. they build up in body tissues and can 

cause birth defects, depression and even death. 

 

Heavy metal ions can be removed from waste by precipitation reactions  

 

The EU sets limits for various chemical species in water. 

Nitrates, Phosphates and specific metal ions have specific limits. 

 

 

 

 

Instrumental Methods of Water Analysis 

 

Method Use 

pH Meter Analysis of River and Lake Water 

Atomic Absorption Spectrometry Analysis of Heavy Metals in Water e.g. 
Lead and Cadmium in water 

Colorimetry Analysis of  
(i) Lead in Water,   

(ii) Nitrates and Phosphates in Water 

 

 

 



The B.O.D. Test 

The B.O.D. Test is done by the Winkler method. 

 

When collecting the sample: 

(i) The bottle should be filled under the surface of the water to 

prevent oxygen from the air entering the bottle; 

(ii) The bottle should be filled to the brim to prevent air being trapped 

under the stopper. 

 

If the water is very polluted, it must first be diluted as otherwise all of the 

oxygen might be used up before the five days are over.  Fresh distilled 

water should be used for the dilution and it should be oxygenated (by 

bubbling air through it).  Having the water well oxygenated ensures that 

there will be enough oxygen left at the end of the five days in order to carry 

out the test. 

 

If diluted the experimental result will need to be multiplied by the dilution 

factor.   

 

Tap water should not be used as it is chlorinated which is an oxidising agent 

and would therefore affect the accuracy of the titration result. 

 

Organic Chemical Pollutants 

Sewage 

Industrial Waste 

Silage 

Milk 

 



Colorimeter Method 

Chlorine is present in swimming pools to kill bacteria by oxidising them.  It is 

present as hypochlorite ion. 

Procedure 

(i) Prepare a range of diluted hypochorite solutions of known 

concentration. 

(ii) Add a DPD tablet to each (Pink colour develops). 

(iii) Set the colorimeter to a fixed wavelength 

(iv) Fill the cuvette with each diluted solution 

(v) Place the cuvette in the colorimeter  

(vi) Measure the transmittance of the light for each solution (Five 

known concentrations) 

(vii) Draw a graph of absorbance against concentration of free chlorine 

 
 

 

 

Using a sample of swimming pool water (test solution), add DPD tablet 

and place solution in cuvette. Read absorbance for this test solution.  

Use the graph to determine the concentration of free chlorine. 
 


