ldentification of
inorganic anions



Questions

What is the goal of chemical analysis?
 What signals are used for quantitative analysis?
 What signals are used for qualitative analysis?

* Do you know any examples of qualitative analysis?



Classifications

* Precipitation

e Redox



Classification of anions by precipitation

m“

SO,%-, SO;%-, 5,052, CO32, C,0,%,
| PO,3-, SiO;%, Cr,0,%, CrO,%, F, BaCl,
B,0,%-(BO,7), AsO33, AsO,3-

$2-, CI-, Br, I5, SCN-, CN-, 1057,

! BrO5~

AgNO,

NO;-, NO,,CH;CO0-, MnO,~ and

I
others

No



Redox classification of anions

NOZ_, CI‘2072—,
ASO43_, BFO3—

NO;-, NO,-,
Cr,0,2-, MnO,-

S2-, SO4%-, 5,052, NO,,
C,0,%, CI+, Br, I, SCN-,
CN-, AsO33-

S2-, SO42-, S,047%,
AsO43-

SO,%, CO42, PO,3,
CH;COOQO-, Si1042-, B,0,2-
(BO,)

Oxidants: formation of

iodine N5 g
Oxidants: formation of MnCl, +
brown MnCI 2- HCI (conc.)
Reducers: discoloration
of potassium
permanganate solution KMnO, +H,50,
with formation of Mn2+
Reducers; reduction of I, 8 KI+H,SO,
I, to I-, disappearance tarch
of blue color (starch)
Indifferent No



Anions of the first group

Form white precipitates at pH 7-9

All precipitates (except BaSO,) dissolve in acids

Ba;(PO,), and BaCO; dissolve in HAc

BaCO; dissolves in boiling HAc



Anions of the first group

(SO4%)

Ba2*+ SO,2 = BaSO,\,

BaSO, + H,SO, (conc.)-> Ba(HSO,),



Identification of SO5*

S052-+ 2H* > SO, + H,0
550, + 2MnO,~ + 2H,0 - 550, +2Mn2++ 4H*

SO, + |,+ 2H,0 - SO,% + 2I-+4H*
55052+ 2MnQO,~+ 6H* - 550,% +2Mn?*+ 3H,0

SO;%+ |, + H,0 - SO,2~+ 2H* + 21~



Identification of S,05*

S,0,2 + 2H* S H,5,0,> S, + SO,MN+H,0
SO,2-+ 252+ 6H* > 354, + 3H,0

25,02 +1, > S,0:2+ 2I-

S,03%~ + 2Ag - AgS,051
Ag,S,05; + H,0 - Ag,S | +H,SO,
3Ag,S + 8HNO, -> 6AgNO, + 35, + 2NO T+ 4H,0



Identification of CO5%

CO3> +2H* S H,CO,-> CO,M +H,0
CO, +Ca(OH), - CaCO5;J¢ +H,0

CaCO;+ CO, + H,0 5 Caz*+2HCO;-



ldentification of C,0,%

2Ag+ + C2042_ 9 Ag2CZO4\l/
Ag,C,0,is soluble in HNO; and 25% NHj;

Ag,C,0, +2HCl = 2AgCl{, + H,C,0,

5C,0,%4 +2MnO,+ 16H* - 10CO, + 2Mn?*+ 8H,0



Identification of PO,3

PO,3-+ Mg2*+ NH,* > MgNH,PO,
HPO,2~ + Mg?* + NH; > MgNH,PO,{,

HPO,2 + 3NH,* +12M00,2 + 23H* = (NH,)5[PO,(M00;).,]4 + 12H,0
(NH,)3[PO4(M00,),,] + 24NH, + 12H,0 5 (NH,);PO, + 12(NH,),MoO,

HPO,% + 3Ag* > Ag;PO,\ + H*,
Ag.PO, + 6NH; S 3[Ag(NH,),]* + PO,3-



Identification of SiO5?%

Si0,2 + 2H* &> H,Si0,

Si0,2+ 2H,0 5 H,Si0, + 20H-
20H-+ 2NH,* 5 2NH, + 2H,0
Si032 + 2NH,* = H,Si05, +2NH,



Anions of the second group (S2)

S2-+ 2Ag* - Ag,S{ (black)
3Ag,S{ + 8HNO; > 6AgNO;+ 3S{ + 2NO +4H,0

S2-+ 2H* - H,ST
H,S + Pb(CH;C00), - PbS{ (black) + 2CH;COOH;
H,S + Na,[Pb(OH),] - PbS{ (black) + 2NaOH + 2H,0

S2-+ Cd2* = CdS\,



ldentification of ClI-

Cl-+ Ag*—> AgCl{ (darken on light)

AgCl + 2(NH,),CO; -> [Ag(NH,),]Cl +2NH,HCO,

16HC1 + 2KMnO, - 5Cl, + 2KCl + 2MnCl, + 8H,0,
6HC1 + KCIO; - 3Cl, + KCl +3H,0,

2NaCl + MnO,, +2H,50, - Cl, + Na,S0,+ MnSO, + 2H,0,

4NaCl + K,Cr,0,+ 3H,S0,(koHu.) - 2CrO,Cl, + K,SO, + 2Na,S0O, +2H,0



ldentification of Br-

Br-+ Agt - AgBr (pale yellow)

2Br-+ Cl, 2 Br,+ 2CI-
Br, + Cl, - 2BrCl

2MnO,~ + 6Br-+ 4H,0 = 2MnO, |, + 3Br, + 80OH-

2MnO, + I+ H,0 - 2Mn0O,{, + 1057+ 20H-



|dentification of I-

I-+ Ag* - Agld (soluble in Na,S,0;and KCN)

21+ Cl,=> 1, +2CI-
|, + 5Cl, + 6H,0 = 2HIO, + 10HCI

2NO,™ + 2I~+ 4CH,COOH = I, + 2NO + 4CH,COO + 2H,0

2Agl + Zn + H,SO, - 2Ag, + 2HI +ZnSO,



ldentification of SCN-

SCN- + Ag*—> AgSCN/;
AgSCN + (1-1)SCN- S [Ag(SCN), 11;
AgSCN + n1S,032- 5 [Ag(S,05),]12"

5SCN-+ 6MnO,~+ 13H* = 6Mn?2* +5HCN + 550,2- + 4H,0

3SCN- + 10H* + 13NO;~ > 16NOA + 3CO, + 350,27~ + 5H,0



