
Pre-lab Questions Experiment 7: Qualitative Analysis of Cations 
 

Some general issues that help guide the selection of the most efficient separation scheme are: 
 

You must pay careful attention to the sequence of reactions you perform: 
• if you have already formed soluble ammonia complexes, then adding NaOH does not generate 

hydroxide precipitates. (Caution 1) 
• if you have already formed soluble hydroxo-complexes, then adding NH3 does not generate 

hydroxide precipitates. (Caution 2) 
• ammonia is difficult to remove from solution (heating to dryness from a basic solution works 

but takes a long time). (Caution 3) 
• neutralizing a basic solution to return to acidic conditions requires adding a large volume of 

acid, which often requires volume reduction by evaporation before further reliable tests 
(Caution 4) 

 

The cations that form soluble ammonia complexes are Ag(NH3)2
+, Cu(NH3)4

2+, Zn(NH3)4
2+ 

The cations that form soluble hydroxo-complexes are Cr(OH)4–, Zn(OH)42- 
 
To help you prepare your own general scheme, answer one of the following questions, based on 
the last digit of your mailbox number. Two of the schemes are workable (but perhaps not 
perfect) and two are not. You might want to consider all four as options for your own scheme. 
 
Answer one (1) of the following questions, based on the last digit of your mailbox number. 

Ending in: 0, 5,or 9:Scheme 1      2 or 6:Scheme 2 3, 4,or 7: Scheme 3 1 or 8:Scheme 4 
              

Proposed Partial Scheme 1: Consider the following possible separation scheme. We leave out 
Ba2+ for now, since separation of Ba2+ from solution is straight-forward and specific. Propose a 
test to separate Cu(NH3)4

2+, Zn(NH3)4
2+. Does your test violate one of the cautions listed above? 

  
 

  Ag+, Cr3+, Fe3+, Cu2+, Zn2+  (acidic) 
           
          3 M HCl 
   ppt        ↓ supernatant  
 ↓                 ↓ 
 AgCl         Cr3+, Fe3+, Cu2+, Zn2+  (acidic) 
       
       15 M NH3 
     ppt  ↓ supernatant  
   ↓                  ↓ 
     Cr(OH)3, Fe(OH)3                 Cu(NH3)4

2+, Zn(NH3)4
2+     (basic) 

                     ↓ 

    6 M NaOH, H2O2, heat               ? 

   ppt ↓     supernatant  
 ↓                ↓ 
     Fe(OH)3         CrO4

2–    (basic) 
 
 
 



              

Proposed Partial Scheme 2:  Consider the following possible separation scheme. We leave out 
Ba2+ for now, since separation of Ba2+ from solution is straight-forward and specific. Propose a 
test to separate Ag(NH3)2

+, Cu(NH3)4
2+. Does your test violate one of the cautions listed above? 

 
 

    Ag+, Cr3+, Fe3+, Cu2+, Zn2+  (acidic) 
             
            excess 6 M NaOH 
     ppt        ↓  supernatant  
   ↓                  ↓ 
      Ag2O, Fe(OH)3, Cu(OH)2    Cr(OH)4–, Zn(OH)42-   (basic) 
    
    15 M NH3 
   ppt ↓     supernatant  
 ↓                ↓ 
     Fe(OH)3         Ag(NH3)2

+, Cu(NH3)4
2+  (basic) 

                 ↓ 
                 ? 
 
              

Proposed Partial Scheme 3: Consider the following possible separation scheme. We leave out 
Ba2+ for now, since separation of Ba2+ from solution is straight-forward and specific. Propose 
steps to separate Cr(OH)4

–, Zn(OH)42-. Does your test violate one of the cautions listed above? 
 
 

  Ag+, Cr3+, Fe3+, Cu2+, Zn2+  (acidic) 
           
          3 M HCl 
   ppt        ↓ supernatant___ 
 ↓             ↓ 
        AgCl        Cr3+, Fe3+, Cu2+, Zn2+  (acidic) 
             
            excess 6 M NaOH 
     ppt        ↓  supernatant  
   ↓                  ↓ 
  Fe(OH)3, Cu(OH)2            Cr(OH)4–, Zn(OH)42-   (basic) 
         ↓ 
    15 M NH3     ? 
   ppt ↓     supernatant      
 ↓                ↓       
     Fe(OH)3             Cu(NH3)4

2+     (basic) 
 
 
 
 
 
 
 
 



 
              

Proposed Partial Scheme 4: Fill in the following boxes with the species produced. If a hydroxo-
complex or ammonia complex are formed, then list the ion in that form [ Ag(NH3)2

+, 
Cu(NH3)4

2+, Zn(NH3)4
2+, Cr(OH)4–, Zn(OH)42-]. If a precipitate is formed then specify the 

precipitate [Fe(OH)3, Cu(OH)2, etc.] Finish the separation indicated by the “?”. What steps are 
necessary to separate the two remaining ions at this point? 
 
  Ba2+, Cr3+, Fe3+, Cu2+, Zn2+  (acidic) 
           
          3 M H2SO4 

   ppt        ↓ supernatant  
 ↓                 ↓ 

                                                                 (acidic) 
       
      excess 6 M NaOH 
     ppt  ↓ supernatant  
   ↓                  ↓ 

                                                                                       (basic) 
          
    15 M NH3      H2O2, heat 
   ppt ↓     supernatant     ↓ 

 ↓              ↓                                     (basic) 

                                         ↓ 

         ? 
 
              

 


