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4.2: Separation and confirmation of individual ions in group Il precipitates

Separation and confirmation of tin(IV) ion

Among the sulfides of group II, only SnS, is amphoteric and reacts with OH™ ions in an alkaline medium to produce

[Sn(OH)ﬁ]2 "~ -a coordination complex anion, and stannate ion [SnS 3]2 ", both are water-soluble. 3M KOH is mixed with the
precipitates of group II ions and the mixture is heated to dissolve the SnS, through the following equilibrium reaction:

3SnS, (s, yellow) +6 OH™ (aq) = [Sn(OH)4]* ~(aq) +2 [SnS,]* " (aq)

The hot solution is centrifuged and decanted to separate the supernatant that contains [Sn(OH)]? ~ and [SnS,]? ~ dissolved in it
and the precipitate that contains the sulfides of the rest of the group II cations, as shown in Figure 4.2.1. A better approach is to
separate the supernatant by aspiration using the cotton-plug technique to avoid contamination of precipitates in the supernatant.
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Figure 4.2.1: Supernatant containing [Sn(OH)ﬁ]% and [SnSs]% (left test tube) and blackish precipitate (right test tube)
containing mixture of CdS (yellow-orange), CuS (Black-brown), and Bi, S, (black).

The above reaction is reversible, which means removing OH~ from the supernatant by acid-base neutralization reaction moves the
equilibrium in the reverse direction re-producing yellow SnS,, precipitate as shown in Figure 4.2.2,

[Sn(OH),]* ~ (aq) +2 [SnS,]* ~ (aq) = 3 SnS, (s, yellow) + 6 OH ™ (aq)
6 HCl(aq)+6 OH (aq) = 6 H,O(1) +6 C1 (aq)

Overall reaction: 6 HCl(aq) + [Sn(OH) ] 2 (aq)+2 [SnS3]2 " (aq) == 3 SnS, (s, yellow) + 6 H,O(1)

r

Figure 4.2.2: Sn*~ yellow precipitate confirming the presentence of Sn** in the test sample.

Some of the sulfides may be lost due to air oxidation of H, S by the following reaction:
2H,S(aq) + O, (g) = 2 S(s, whitish—yellow) + 2 H,O(1)

To compensate for the loss of sulfide, 1M thioacetamide solution is also added along with 6M HCI to the supernatant and the
mixture is heated to reform the yellow SnS, precipitate that confirms the presence of Sn? " in the test solution. Note that both S
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and SnS, are yellow solids. Add 3M KOH solution to the mixture to turn it alkaline again the SnS,, precipitate will re-dissolve
confirming Sn* T is present in the test solution. The S particles will not re-dissolve.

Separation and confirmation of cadmium(ll) ion

CdS is the most soluble sulfide among group II sulfide precipitates. According to Le Chatelier's principle, the removal of products,
i.e, Cd>* and $? ~ of the dissolution reaction in this case, drives the reaction forward. CdS can be redissolved by adding 1M HCI
to the precipitates after the removal of Sn* ™. Dissociation of HCI produces H30+ in water that removes S> by forming H,S
which is a weak acid. At the same time, CI" removes Cd? ™ b y forming soluble coordination complex anion [CdCl4]2 ~ which is
quite stable with K¢ = 6.3% 10%:

CdS(s, yellow—orange) = Cd* *(aq) +S* " (aq)
4HCl(aq) +4H,0(1) = 4H,0" (aq) +4 Cl (aq)
S~ (aq) +2H,0" (aq) = H,S(aq) +2 H,0(1)
Cd®**(aq) +4 Cl” (aq) = [CdCL]* ~(aq)

Overall reaction: CdS(s, yellow—orange) +4 HCl(aq) +2 H,O(l) — [CdCl4]2 “(aq) +2H,;07 (aq) + H,S(aq)

The dissolution of CdSis facilitated by heating the reaction mixture. The rest of the group II cations, i.e., CuS and Bi,S, are very
insoluble and do not dissolve under these conditions. The solution is centrifuged and decanted or aspirated to separate the
supernatant that contains [CdCl4]2 ~ and the precipitate that contains CuS and/or Bi, S, if Cu® " and/or Bi®* are present. The
precipitate tends to go into the supernatant, so, the cotton plug technique is needed to prevent precipitates from going into the

supernatant during the separation as shown in Figure 4.2.3.
lj
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Figure 4.2.3: Clean supernatant containing [CdCl ~ being aspirated in the presence of loosely packed CuS and Bi,S,
precipitate using cotton-plug at the mouth of pasture pipette.

All the reactions responsible for the dissolution of CdS are reversible. The addition of HCI dissolves CdS by moving the
equilibrium forward and the removal of HC] moves the equilibrium in the reverse direction to reform yellow CdS precipitate.
Ammonia NH, is such a base that removes HCl:

HCl(aq) +NH, (aq) = NH,Cl(aq)

6M NH, solution is added drop by drop under stirring and tested with red-litmus paper till the solution turns alkaline. If yellow
precipitate forms, it is CdS confirming Cd? ™ was present in the test solution:

[CdC14]2 " +2H,0" +H,S(aq) +4 NH,(aq) = CdS(s, yellow —orange)| +4 NH] (aq) +Cl~ +2H,0(1)

If no precipitate forms, add 1M thioacetamide and heat to make up for any loss of S?~ in the solution. If yellow precipitate forms,
it is CdS confirming Cd? ™ is present in the test solution as shown in Figure 4.2.4
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Figure 4.2.4: Yellow precipitate CdS confirming the presence of Cd?*

in the test sample.

Separation and confirmation of copper(ll) ion and bismuth(lll) ion

After removal of Sn* ™ and Cd? ™, if there is a precipitate left it could be CuS and/or Bi, S, which are the least soluble sulfides in
group II. To dissolve CuS and Bi,S,, the S?~ in the products need to be removed to a higher extent than in the case of CdS re-
dissolution.

Nitric acid provides NO§ ~ which is a strong oxidizing agent that can remove S?~ sufficient to drive the equilibrium forward
to dissolve CuS and Bi, S;.
Bi,S, (s, black) = 2 Bi® " (aq) + 3 S? ~(aq)
38%(aq) +2NO; (ag) +8 H;O" (ag) = 3 S(s, yellow)/ +2 NO(g)t + 12 H,0(1)

Overall reaction: Bi,S, (s, black) +2 NOj (aq) +8 H;0" (ag) = 3 S(s, yellow).. +2 Bi®* ¥ (aq) + 2 NO(g)1 + 12
H,0(1)

3 CuS(s, black—brown) = 3 Cu® " (aq) + 3 $* ~(aq)
38% " (aq) +2NOj (aq) +8 H,0" (aq) = 3 S(s, yellow)] +2 NO(g)t + 12 H,O(1)

Overall reaction: 3 CuS(s, black—brown) +2 NOj3 (aq) +8 H;0 " (aq) == 3 S(s, yellow)| +2 Cu’ * (aq) + 2
NO(g)t + 12 H,0(1)

The mixture is heated to enhance the above reactions. The $? ™ is oxidized to solid light-yellow colored sulfur particles. Brown
colored fumes are observed over the solution as a result of air oxidation of nitric oxide (NO) that evaporates out of the solution as
shown in Figure 4.2.5:

Figure 4.2.5: Yellow sulfur precipitate suspended in the liquid mixture and brown NO, gas above the liquid mixture when CuS
and Bi,S; precipitate is heated with nitric acid.
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| Removal of NO and S? ~ from the products drives the reaction in the forward direction based on Le Chatelier's principle.

The solid sulfur precipitate is removed by centrifugation followed by decantation.

The supernatant is acidic and appears light blue if copper ions are present, as shown in Figure 4.2.6.

»

Figure 4.2.6: Mixture of copper and bismuth ions in the supernatant after removal of the sulfur precipitate.

If the solution is made alkaline, Cu? ", and Bi** form solid hydroxides. However, aqueous ammonia (NH,) selectively
precipitate out Bi(OH),, while keeping copper dissolved as coordination complex ions, [Cu(NH,) 4]2 i

Bi® " (aq) + 3 NH, (aq) + 3 H,0(1) = Bi(OH), (s, white)| + 3 NH, (aq) K =3.3 x 10*
Cu® *(aq) +4 NH, (aq) = [Cu(NH,),]* " (aq, blue) K =3.8 x 10"

The solution is made alkaline by adding 6M NH, drop by drop and tested using red-litmus paper. Excess NH; solution is added to
make sure that any residual Cd®> " is also removed as [Cu(NH,) 4]2 * If the supernatant turns blue by making it alkaline with
ammonia, it confirms Cu® " is present in the test sample, as shown in Figure 4.2.7. The presence of residual Cd? ™ does not

interfere because it forms a colorless [Cu(NH,),]* * ion.

Figure 4.2.7: Confirmation test of copper, i.e., the solution turned dark blue due to [Cu(NH,),]>* ions upon turning alkaline with
ammonia. The solution is turbid due to Bi(OH), precipitate (left), and becomes clear after removal of Bi(OH), by centrifugation
(right).
The mixture is centrifuged and decanted to separate the white precipitate of Bi(OH),, but, if ammonia addition was not sufficient,
white Cd(OH), may also form from any residual Cd* * ions:

Cd®*(aq) +2 NH, (aq) + 2 H,0(1) = Cd(OH), (s, white) +2 NH;

The precipitate is resuspended in 6M NHj to redissolve Cd(OH),, if there is any present. Bi(OH), precipitate does not dissolve
in 6M NH,. If the white precipitate persists after washing with 6M NH, it confirms Bi® " is present in the test solution, as shown
in Figure 4.2.8.
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Figure 4.2.8: Bi(OH), precipitate after washing with 6M NH,, confirming the presence of Bi® ™ in the test sample.

l

This page titled 4.2: Separation and confirmation of individual ions in group II precipitates is shared under a Public Domain license and was
authored, remixed, and/or curated by Muhammad Arif Malik.

https://chem.libretexts.org/@go/page/369534


https://libretexts.org/
https://en.wikipedia.org/wiki/Public_domain
https://chem.libretexts.org/@go/page/369534?pdf
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Qualitative_Analysis_of_Common_Cations_in_Water_(Malik)/4%3A_Group_II_cations/4.2%3A_Separation_and_confirmation_of_individual_ions_in_group_II_precipitates
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Qualitative_Analysis_of_Common_Cations_in_Water_(Malik)/4%3A_Group_II_cations/4.2%3A_Separation_and_confirmation_of_individual_ions_in_group_II_precipitates?no-cache
https://scholar.google.com/citations?user=NJt3vSwAAAAJ&hl=en

