Titration and Buffers

OBJECTIVES:

15. Describe and explain data from experiments to distinguish between strong and weak acids and bases, and to determine the relative acidities and basicities of substances.

16.   State the principles and uses of indicators.

17.  Explain the process of titration.

18.  Draw and explain a graph showing pH against volume of titrant for titrations involving strong acids and bases.
19.  Describe a buffer solution in terms of its composition and behaviour.

20.  Describe ways of preparing buffer solutions.

A titration involves delivery (from a burette) of a measured volume of a solution of known concentration into a solution containing the substance being analyzed (unknown concentration solution).  The endpoint of the titration is usually shown by some type of indicator, a substance added at the beginning of the titration that changes color at the equivalence point.  A pH indicator is a material, usually an organic dye, that is one color above a characteristic pH and another color below that pH.  There are many materials that can serve as pH indicators, each with its own pH range at which it changes color.  Some have more than one color change at distinct pHs.  Litmus and phenolphthalein are common pH indicators.  Litmus is red in acid (below pH 4.7) and blue in base (above pH 8.1).  Phenolphthalein is clear in acid (below pH 8.4) and pink- purple in base (above pH 9.9).  These ranges may seem large, but near the equivalence point, the point at which the materials are equal, there is a large change in pH. The point in the titration where enough known concentration solution has been added to react exactly with the unknown concentration solution is called the equivalence point.  The equivalence point may not occur at pH 7, neutral pH, so the appropriate pH indicator must be chosen for the type of acid and base being titrated.

A titration curve is drawn by plotting data attained during a titration, titrant (known concentration solution) volume on the x-axis and pH on the y-axis.  The titration curve serves to profile the unknown solution. 
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All curves start out with a very slow, or moderate, change in pH while the base is being added to the acid.  As the titration continues and the endpoint is approached, the pH of the solution will start to change more dramatically.  At the endpoint, the line changes most dramatically.  Once the endpoint has been passed, the rate of pH change diminishes again.  It will resemble the first part of the graph except at a higher pH value.

The midpoint of the most vertical part of the graph will correspond to the exact endpoint.  This will also correspond to the equivalence point, or the point at which the equivalents of acid equals the equivalents of base.  In addition, the midpoint will also determine the pH of the salt that was formed during the titration.

The easiest titration curve to work with is obtained from the titration of a strong acid with a strong base.  There will be a single endpoint and the graph is nearly vertical at the endpoint.
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Not all titration curves are exactly the same.  The graphs will differ somewhat in shape, depending upon whether the acid that is being titrated is a strong or weak acid.

However, if a strong base is used to titrate a weak acid, the pH at the equivalence point will not be 7.  There is a lag in reaching the equivalence point, as some of the weak acid is converted to its conjugate base.  You should recognize the pair of a weak acid and its conjugate base as a buffer. In the buffering region, it takes a large amount of NaOH to produce a small change in the pH of the receiving solution. 
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Because the conjugate base is basic, the pH will be greater than 7 at the equivalence point.

Buffer solution - resists changes in pH caused by the addition of limited amounts of a strong acid or a strong base.

A buffer solution must contain:

· weak acid + its conjugate base or salt

OR 

· weak base + its conjugate acid or salt

Some examples are:

· acetic acid and sodium acetate
· phosphoric acid and potassium phosphate
· oxalic acid and lithium oxalate
· carbonic acid and sodium carbonate

· ammonium hydroxide and ammonium nitrate
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