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Group Separation and Identification of the Cations

Group I Cations
(The Silver Group)
Ag®, pb** and Hg,”" ions
Reactions of the lead ion, pb”" :

1. With dilute HCI

White precipitate of pbCly is formed.
pb (NOs), + 2HCl —* prlz\l, + 2HNO;
(white)
g gt Wi prlz\l/
prlz is soluble in hot water, but separates out again in needles
when the solution is cooled. |
2. With KI solution
Yellow precipitate of pbl is formed.
pb (NO3); + 2KI == pblz\|,+ 2KNO;

(yellow) -

pbls is soluble in excess of Kl solution.fdrning a complex ion.
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3. With dilute H,SO,
White precipitate of pbSO, is formed.
pb (NO;); + H.SOy o> prO4\1/ + 2HNO;
(white)
pbSO; is soluble in a concentrated solution of ammonium acetate.
pbSO, + 2NH:.C;H30, — pb(C:Hs0z), + (NH,), SOq
soluble
4. With K,CrO, solution
Yellow precipitate of pbCrO, is formed.
pb (NOy), + KoCrOy #—= prrO4\1, + 2KNO;
(yellow)
pbCrO, is soluble in acetic acid and in ammonia solution, but
soluble in alkali hydroxides and in nitric acid. ,
pbCrO, + 4NaOH ¥—— Na, [pbO, ] + Na,CrOs + 2H,0
sodium plumbite
pbCrO, + H;0© ¥ pb™ + HCrO; + 2H,0
S. With sulphidé ion solution (use H,S)
Black precipit!;te Qf pbS is formed.
pb (NOy), + HiS > pbS\|, + 2HNO;
(black)
pbS is soluble in hot dilute HNOs .
3pbS + SHNO: +——= 3pb(NO;), +2NO + 4Hao + 3S
Note : H,S is evolved from thioacidamide. Which is hydrolyzed
rapidly in acidified aqueous solution (dil HCI) and iibrate H,S after
heating the mixture in a water bath.

S O
CHL —C =Nl # HO s==F CHy =€ ~NH; ¥ H>S
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6. With NaOH solution
White precipitate of pb(OH), is formed.
pb (NOs), + 2NaOH — pb(OH)z\ll + 2NaNO;
(white)
pb(OH), is soluble in excess of the reagent.
pb(OH), + 2NaOH ——> Na, [ pb0, ] +2H,0

Reactions of the mercurous ion, Hg,™" :
1. With dilute HCI
White precipitate of Hg,Cl, (Calomel) is formed.
Hg,(NO;), + 2HCl —> ngcb\l, + 2HNO;
(white)

Hg,Cl, 1s insoluble in hot water, but soluble in aqua regia (1ml of

concentration HNO; + 3ml of concentration HCI).
HNOs + 3HCI ——* NOC| + 2C1 + 2H,0
Hg,Cl, + 2C1 <+—2 2HgCl,
soluble
Hg,Cl, turns to a black mixture when treated with aqueous ammonia.
He;Cl; +2NH; &=——* Hg(NHz)Cl\lﬁ Hg \1, + NH,CI
(white) (black)
2. With KI solution
Yellowish—green precipitate of Hg-l, is formed.
BB NO, + 2 Hgl\|,+ 2KNO;
(yellowish—green)
Hg,l is soluble in excess of KI solution.

I'Ig:I: + 2K] — K3 [ Hgll] - H

1Q

Potassium mercuri—iodide
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3. With K;CrO, solution
Brown a morphous precipitate of Hg,CrO, is formed, which is
converted into a red crystalline form on boiling,
Hg, (NOs);, + KyCrOy =— HgZCrO4\1/ + 2KNO;,
(brown)
4. With NaOH solution
Black precipitate of Hg,O is formed. n
Hgy(NOy), + 2NaOH = Hg0\|, + 2NaNO; + ey
(black)

S. With ammonia solution

Finely—divided black precipitate of Hg is formed.

Hg
/ A%
2Hg:(NOz)3 2l 4NH1 == HzO 4___' O NH:NO; < 2H%y+ 2NH4NO:
N o
Hg (black

6. With SnCl, solution
Finely—divided black precipitate of Hg is formed with excess of
the reagent.
Hgy(NOs); +SnCl, + 2HCl g—> 2iig \L + SnCl, + 2HNO;
(black)

Reactions of the Silver ion, Ag” :
1. With dilute HCI

White precipitate of AgCl is formed.

AgNO; + HCl g=—> AgCl\},+ HNO;
| (white) :
AgCl is insoluble in dilute HNO;, but is soluble in aqueou.s

ammonia owing to the formation of the silver diammino complex
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ion, Ag(NH;),"

AgCl + 2NH; ——> Ag(NH;),Cl

AgCl is precipitated again from the ammonical solution by the
addition of dilute HNO;

Ag(NH;),Cl + 2HNO; =——* AgCl\V 2NH,NO;

2. With KI solution
Yellow precipitate of Agl is formed.
AgNO; + KI =——» AgI\1,+ KNO;
(yellow)

Agl is insoluble in concentrated ammonia solution, but is soluble

~ in solutions of KCN or Na;8203 |
Agl + KCN <— K[Ag(CN),] + KI V=%~ |
X s B
Agl + 2Na,S$,0; «—> Na[Ag(S;03),] + Nal \ 7y
. : ’ & J
Sodium thiosulphate
3. With KgCl’O_; solution
Red precipitate of Ag,CrO; is formed.
2AgNO; + K, €10, —= Ag:CrO, |, + 2KNO;
| (red)
4. With NaOH solution
Brown precipitate of Ag,0 is formed.
2AgNO; + NaOH_——> Ag0\, + 2NaNO; + H,0
(brown)
5. With ammonia solution
White precipitate at first, which quickly passes into brown Ag,O

Ag,0 is soluble in excess of the reagent.

Ag,O + 4NH; + H,0O 4_:_!_ 2] Ag(NH;), ] OH



)

Analysis of the silver group
(group 1)

Schematic diagram for the analysis of group 1

(groups I -V cations)

Jdil. | HEl
White p‘pt. of ’ , ' Filtrate
gp. 1 gps. -V
| Cations
boilingl water
White residue Filtrate (hot)
AgCl and Hg,Cl, ., pb**
aqueous| NH; ‘ divided | to two parts
Black residue filtrate yellow white ppt.
of Hg Ag (NH3)," pbCrO, pbCl,
dil. | HNO;s ' ‘
White ppt.
AgCl




Separation and identification of
Group I cations

To the given solution in a test tube add dilute HCI in excess
and ﬁlte‘r. Wash the ppt., which may contain pbCl,, AgCl
and Hg,Cl, with a little very dilute HCI.

Residue Filtrate
White ppt. which may contain Group II -V
pbCl, , Hg,Cl, and AgCl cations
wash with about 6ml boiling '
water (D.W)
g !
Residue Filtrate
May contain Hg,Cl, and AgCl may contain pbCl,
Pour about 3ml of warm dilute divide into two parts:
NH; solution over the ppt. 1. Add a little ammonium
on the filter paper acetate solution followed
by K,CrO, solution yellow
’ ppt. of pbCrO,
l \ 4 2. Cool under tap water.
Residue Filtrate white crystalline
Black Hg+Hg(NH,)Cl may contain ppt. of pbCly
Mercury present | Ag(NH;),Cl lead present

~acidify with dil. HNO;
white ppt. of AgCl
silver present



Group II cations

1. The copper group (group IT A)
| Hg?" Bi**, Cu* and Cd™ ions.
2. The Arsenic group (group IIB)

The Copper Group II A

Reactions of the mercuric ion, Hg**

1. With sulphide ion (use H,S)
Black precipitate of HgS is formed.
HeCl, + 2H,S +—= Hg:S,Cl, + 4HCI
BeS.Cl + S a——* ZHCI -+ 3HgS\l,

(black)

the net result is
HaCl; + B8 ——F HgS\1/+ 2HCI

HgS is soluble in aqua regia.
3HgS + 2HNO; + 6HCl o— 3HgCl, +2NO +3S + 4H,0
2. With SnCl; solution

White precipitate of HgCl, is formed.
el + 8l =% snkly + ngClz\I/

(white)
Hg,Cl, is reduced :by the excess of the reagent to grey-black
metallic mercury (after 5 minutes).
Hg,Cl, + SnCl e Sntl -F 2Hg\1/

(black)



3. With NaOH solution
Reddish—brown precipitate is formed initially converted to yellow
precipitate of HgO.
HeCl, + 2NaOH<+——=> HgO \1/ + 2NaCl + H,0
(yellow) '
4. With ammonia solution
White precipitate of Hg(NH,)Cl is formed.
HegCl, + 2NH; <«— Hg(NH;)Cl \l/ + NH4CI
(white)
Hg(NH,)Cl is soluble in a large excess of the reagent.
5. With KI solution
Red precipitate of Hgl 1s formed.
HegCl, + 2KI <——* Hgl \1, + 2KCl
(red)
Hgl, is soluble in excess of the reagent.

HgIZ 4+ 2KI =—— K, [th]

Reactions of the Bismuth ion, Bi**

1. With sulphide ion (use H,S)
Brown precipitate of BizSs is formed.
Bi(NO3); + 3H2S G S, BiZS3\l/ + 6HNO:;3
(brown)
Bi,S3 is insoluble in cold dilute acids, but soluble in hot dilute

HNO; and in boiling concentrated HCI

Bi,S; + 2NO; + 8H;0" <——>2Bi’" +2NO+3S + 12H,0
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2. With NaOH solution
White precipitate of Bi(OH); is formed.
Bi(NO;); + 2NaOH ——* Bi(OH)s \1/ + 3NaNO;
(white)
Bi(OH); becomes yellow on boiling, due to dehydration.
Bi(OH); ;:—__» Bio.OH\1,+ H,0
(yellow)
3. With ammonia solution
Deep blue solution of (OH)s is formed.
Bi(NO3); + 3NH;OH % BifOH); \1/ + 3NH4NOs3
(white)
Bi(OH); is insoluble in excess of the reagent.
4. With KI solution
Dark brown precipitate of Bils is formed.
Bi(NO3;); + 3KI <—— Bl \l/ + 3KNOs;
(brown)
Bil; is soluble in excess of the reagent to give a yellow solution of
K[Bils].
Bil; + KI =——* KI[Bil]
K[Bil4] ié decomposed upon dilution giving an orange—coloured
precipitate of (BiO)L
Bily + F0 =% 2 + 0]

5. With sodium stannite solution
Black precipitatewéf finely divided Bi is formed.
Sodium stannite Na,[SnO;] is freshly prepared by adding 3M

NaOH solution drop by drop to a solution of stannous chloride
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until the initial white precipitate of Sn(OH), just dissolves.

Sn(OH), + 2NaOH +—= Na,[Sn0,] + 2H,0

2Bi(NO3); + 6NaOH + 3Na,[Sn0O;] - S——.

2Bi\1/+ 3Na,[SnO;] + 6NaNO; + 3H,0
(black)

Reactions of the Cupric ion, Cu®

1. With sulphide ion (use HsS)
Black precipitate of CuS is formed.
CuSO, + HiS «—* CuS \l/+ H,SOq4
(black)
CuS is insoluble in NaOH solution, but is soluble in hot dilute

HNO; and in KCN solution.
3CuS + SHNO; «—> 3Cu(NO;); + 35S + 4H,O + 2NO

2. With NaOH solution
Blue precipitate of Cu(OH); is formed.
CuSO, + 2NaOH <—= Cu(OH), \1/ + Na,SOq
(blue)
Cu(OH), is converted on boiling into black precipitate of CuO.
CulOFl)y ——F CuO\l, + H,0
(black)

3. With ammonia solution

Deep blue solution of [Cu(NH3)s]SO;4 is formed.

2CuSO, + 8NH; +2H,0 == 2[Cu(NH;);]SOs + 2H,0
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4. With potassium ferrocyanide K4[Fe(CN);] solution
Reddish—brown precipitate of Cu,[Fe(CN)] is formed.
CuSO, + Ky[Fe(CN)s] «—= Cu,[Fe(CN)] \1,+ 2K,SO;4
(reddish—brown)
Cu,[Fe(CN)s] is insoluble in dilute acids, but dissolves in aqueous
ammonia forming a blue solution.

5. With KI solution

Yellowish-brown mixture of Cu,l, (white) and I, (yelloWish—

brown) precipitate is formed.
2CUSO4 + 4KI A CU212¢/ = Ig \1/ . 2K_7_SO4

(white) (yellowish—brown)

Reactions of the Cadmium ion, Cd*

1. With sulphide ion (use H,S)
Yellow precipitate of CdS is formed in a neutral or a slightly
acidic solution.
CdSO; + H.S ——* CdS | + H.SO,
(yellow)
CdS is insoluble in KCN solution, but is soluble in hot dilute

‘nitric acid.

2. With NaOH solution
White precipitate of Cd(OH), is formed.
CdSO, + 2NaOH ¥+——= Cd(OH); \1/ + Na,SOq
(white)

Cd(OH), is insoluble in excess of the reagent.
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3. With ammonia solution
White precipitate of Cd(OH), 1s formed.
CdSO, + 2NH; +2H,0 <+—= Cd(OH), \1/+ (NH4),SO,
(white)
Cd(OH), is soluble in excess of the reagent due to the formation
of [Cd(NH3)4]SOs .
Cd(OH), + (NH,),SO; + 2NH;, . [Cd(NH;)4]SO4 + 2H,0

4l sals lall seal
VELVTY = okl _
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