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1.5: Separation of cations in groups

X Steps in the qualitative analysis of cations in water

Qualitative analysis of cations commonly found in water solution is usually done in three stages:

1. ions are separated into broader groups by selective precipitation based on their solubility properties,
2. member ions in a group are separated usually by selective dissolution of the precipitates and
3. a specific confirmation test identifies individual ions.

For the 1% stage, i.e., separation of cations in groups, a suitable reagent is selected that selectively precipitates certain ions leaving
the rest of the ions in the solution.

X Criteria for selecting a suitable reagent for the selective precipitation

A suitable reagent is the one that:

1. almost completely removes the ions belonging to the group so that the residual ions may not interfere with the analysis of
the other ions left in the solution,

2. should not precipitate out a fraction of ions that do not belong to the group being separated, and

3. should not leave behind counter ions that can interfere with the analysis of the rest of the ions.

The reagents are added in an order such that the most selective reagent, the one that precipitates out the least number of ions, is
added first.

The fourteen common cations found in water that are selected in these exercises are separated into five groups.

b2+

Group I comprises lead II (P ), mercury (I) (Hgg *), and silver (I) (Ag™) that are selectively precipitated as chlorides by

adding 6M HCl to the mixture.
HCl+H,0(l) — H;0" (aq) + Cl (aq)

HCI solution is selected as a reagent for group I based on the facts: i) it is a source of chloride (C17) ion which is the most
selective reagent that makes insoluble salts with only Pb% T, Hgg *+, and Ag" (recall soluble ions rule#3 described in section
1.1), ii) it leaves behind H:,)OJr that makes the solution acidic which is beneficial for separation of cations of the next group.

Group II comprises tin(IV) (Sn* ™), cadmium(Il) (Cd?*), copper(Il) (Cu?®™*), and bismuth(Ill) (Bi® ) that are selectively
precipitated as sulfides by adding H,, S reagent in an acidic medium. H,S is a source of sulfide (S2 7)) ion in water:

H,S(aq) +2H,0(1) — 2H,0" (aq) +5* ~(aq)

The S* ~ ion makes insoluble salts with many cations as stated by insoluble ions rule#1 in section 1.1, i.e., “Hydroxide (OH ™) and
sulfides (S? ) are insoluble except when the cation is a heavy alkaline earth metal ion: Ca?*, Ba?*, and Sr? *, or an alkali metal
ion, or ammonia.”

H, S in acidic medium is selected as a source of S? ™, which is the reagent for selective precipitation of group II, because the
concentration of >~ can be controlled by adjusting pH. Acidic medium has higher [H3O+] that decreases S? ~ due to the
common ion effect of H3OJr ion. Therefore, only the group II cations with very low solubility are selectively precipitated
among the sulfide insoluble salts.

Group IIT comprises chromium(III) (Cr3 *), iron(II) (Fe2 +), iron(III) (Fe3 *), and nickel(II) (Ni2 *Y selectively precipitated as
insoluble hydroxides and sulfides by adding H,S in alkaline medium with pH maintained at ~9 by NH3/NH4+ buffer.
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l H, S in an alkaline medium is the reagent for the selective precipitation of group III cations.

When pH is set at 9 by NH3/NHI buffer, OH™ concentration is high enough to precipitate group III cations as insoluble
hydroxide except for nickel that forms soluble coordination complex ion with ammonia. When H,S is added in an alkaline
medium, it produces a higher concentration of S? ~ due to the removal of H,O" from its equilibrium by reacting with OH™:

H,0%(aq) + OH™ (aq) — 2H,0(1)
All of the group III cations are converted to insoluble sulfides except chromium.

Group IV comprises of calcium (Ca? ™) and barium (Ba? *) selectively precipitate as insoluble carbonates by adding ammonium
carbonate ((NH, ), CO,) as a source of carbonate (CO3 ~) ion:

(NH,),CO,(s) +2 H,0 = 2 NH, (aq) + CO} (aq)

The CO% ~ ion makes insoluble salts with many cations as stated by insoluble ions rule#2 in section 1.1, i.e., “Carbonates (CO§ M),
phosphates (POi ), and oxide (O? ™) are insoluble except when the cation is an alkali metal ion or ammonia.” All other ions have
already been precipitated in groups I, II, and III except group IV cations and alkali metal ions.

The CO§ "~ ion is a selective reagent for group IV cations.

Group V comprises alkali metal ions, i.e., sodium (Na™) and potassium (K™) in the mixture of ions selected. According to soluble
ions rule#1 in section 1.1, alkali metal and ammonium ions form soluble salts. So, group V cations remain in solution after groups
I, I1, 111, and IV are removed as insoluble, chloride, sulfide in acid medium, sulfide in basic medium, and carbonates, respectively.

Later chapters describe in detail the separation of cations in groups, the separation of ions within a group, and their confirmation
tests. The flow chart shown below summarizes the separation of common cations in water into five groups.
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Unknown solution

Ag*, Ba?, Bi**, Ca%, Cd*, Cr**, Cu®', Fe?, Fe¥, Hg,**, K*, Na*, Ni**, Pb?*, and/or Sn*
g g

l&— HCI
Precipitate\f \L Supernatant
Group | [Ba2+, Bi*, Ca?*, Cd?*, Cr**, Cu®, Fe?*, Fe**, K*, Na*, Ni?*, Sn“"]
AgCI(s, white), HgZCIZ(s, white), Pbc'z(s,white) é_ HZS
acidic: pH 0.5-1
Precipitate Supernatant
Vv
[Baz*, Ca?, Cr¥, Fe?, Fe¥, K*, Na*, Niz"]
<— HS, NH3/NH4*
basic: pH ~9
Precipitatel LSupernatant
\

|Baz", Ca%, K*, Na*l

<— 3M (NHs3)2COs

Precipitate Supernatant
\‘/ \
Group IV Group V
CaCOs(s, white), BaCOss, K*, Na
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