Qualitative Analysis of Metal Ions in Solution

Introduction

It is extremely useful to know how to detect the presence of specific ions in an aqueous solution. This type of analysis falls under the general category of analytical chemistry called qualitative analysis, which addresses the question "What is in a sample?" The basis for a qualitative analysis is the fact that ions will undergo specific chemical reactions with certain reagents to yield observable products

The qualitative analysis of ions in a mixture must follow a scheme that can be

summarized as follows:

 (1) Add reagents that exploit the more general properties of ions to separate major groups of ions; 

(2) separate major groups into subgroups with reactions that will distinguish less general properties; and 

(3) add reagents that will specifically confirm the presence of individual ions. Following this general three-step plan, several different analytical schemes have been devised that are based on various ways of defining major groups.

 In this course, you will follow a scheme which separates cations into five major groups according to the solubilities of their compounds:

Group I (Ag+, Pb2+, Hg2+) cations produce insoluble chlorides so they can be precipitated with dilute HCl, while all other cations remain in solution.

Group II (Cu2+, Bi3+, Cd2+, Hg2+, As3+, Sb3+, Sn4+) cations produce very insoluble sulfides (Ksp values less than 10-30) so they can be precipitated by low amounts of sulfide ion; this can be achieved by adding an acidic solution of H2S.

Group III (Al3+, Cr3+, Fe3+, Zn2+, Ni2+, Co2+, Mn2+) cations produce slightly soluble sulfides (Ksp values more than 10-20) so they can be precipitated by relatively high amounts of sulfide ion; this can be achieved by adding a basic solution of H2S.

Group IV (Mg2+, Ca2+, Sr2+, Ba2+) cations, as well as all of the above groups, produce insoluble carbonates so they can be precipitated by the addition of carbonate once the ions of the first three groups have been removed.

Group V (Na+, K+, NH4+) cations do not precipitate with any of the above reagents.

For a successful qualitative analysis based on the above five groups, the order of reagent addition is crucial and should follow the order listed above (that is, group I first, group II second, and so on). 

             In any qualitative analysis it is important to run your analytical scheme on "known" samples, prepared to contain specific ions of interest, as well as "unknown" samples in order to test your ability to use the procedure to analyze a solution of unknown composition.

Overview of qualitative analysis scheme

     The overall scheme for the systematic analysis of a mixtures of cations, based on the five major groups discussed above, is shown as a flow chart below. Your laboratory work will include many fewer ions (indicated in bold face type), but a number sufficient to introduce most of the principles involved.
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