QUALITATIVE ANALYTICAL
CHEMISTRY




Qualitative analysis

Analytical chemistry is the chemistry discipline concerned with
the chemical composition of materials. Analytical chemistry also
Is concerned with developing the tools used to examine
chemical compositions.

Qualitative analysis deals with the detection of the nature of the
chemical species in a sample.

Elemental qualitative analysis is used to separate and detect
cations and anions in a sample substance.
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Qualitative analysis

Classical qualitative inorganic analysis is a method of
analytical chemistry which seeks to find elemental
composition of inorganic compounds. It is mainly focused on
detecting ions in an agueous solution, so that materials in
other forms may need to be brought into this state before
using standard methods. The solution is then treated with
various reagents to test for reactions characteristic of certain
ions, which may cause color change, solid forming and other
visible changes.[1]

Qualitative inorganic analysis is that branch or method of
analytical chemistry which seeks to establish elemental
composition of inorganic compounds through various
reagents.
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Qualitative analysis

Evidence, detection
o Chemical methods
o Instrumental” methods (spectroscopic, electrochemical)

Observations, evidence

o Sensoric (crystals, homogeneity, olfactory assessment - smell,
colour)

o Changes depending on physical conditions (heating, coloration of
flame)

o Analytical reactions between examinated substance and
analytical reagent (acid-base reactions, precipitation reactions,
complex forming reactions, redox reactions, catalytic r.)

lonrganic qualitative analysis— ionic reactions
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Procedure for qualitative analysis

Sampling, sample description

Preliminary tests

Transfer of sample into solution

Detetion of cations in 1/3 of sample solution
Detection of anions in 1/3 of sample solution
Verification of results in the remaining solution
Conclusion of analysis

Guidelines
Sample size = working technique
Preliminary tests

Only those elements that are expected to be present in solution based on
preliminary tests should be tested

Results of analyses must agree with observations
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Preliminary tests

Nature of the sample

o Heating in flame in presence of air
Burning (organic substances)
volatilization, sublimation (ammonium salts)
Melting (salts of alkali metals)
Residue after ignition (heavy metlas compounds = oxides)
Flame test — coloration ( , Ca, K, Ba, Cu, B)
o Test with H,SO,

diluted: gas evolution at cold (CO, carbonates, NO, nitrites) by
heat (SO, from sulphites and thiosulphates, H,S sulphides, HX
halogenides)

concentrated: carbonization of organic substances, oxidation of
Br-and I evolution of Br, a |,
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Selectivity and implementation of
analytical reactions

According to the degree of selectivity we distinguish analytical
reactions:

o Group r. = group reagents — for separation of cation groups

o Selective r. ~ selective reagents — at certain conditions proof of
limited groups of cations — detection of one cation require more
selective reactions

o Specific ~ under prescribed condition only one cation is proved

Accomplishment of reactions

o Test tube (5 ml, 1 ml), micro test tube (0,1 ml)
o Drop (0,3 ml)
o Microscope 0.01 ml

D = P/(V.108), P = observation limit (ug), V (ml), D = limiting
dilution, pD =-log D
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Detection of cations

history: Boettger, Fresenius — different properties of sulphides
reagents: HCI, H,S, (NH,)HS, (NH,),CO,

1. Insoluble chlorides

2. Sulphides precipitating in acidic

3. Sulphides and hydroxides precipitating from ammoniacal medium
4. Insoluble carbonates

5. Cations that do not precipitate with any of above reagents

This separation is used no more (gaseous sulphane!)
Instead: group reactions preformed parallell in aliquot parts of a sample
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DETECTION OF CATIONS,
GROUP REACTIONS,
SELECTIVE REACTIONS




‘ Cations detection — group reactions

1.

HCI: Ag*, Hg,2*, Pb2*
Ag*: AgCl + hv — Ag (reduction, graying) dissolves in: CN-, S,0,2", NHj;
AgCl + 2 NH; — [Ag(NH,)?]* + CI- [Ag(NH;)?]* + 2 H* — AgCl + CI-
Hg,?*: Hg,Cl, + 2 NH; — Hg + Hg(NH,)CI + NH,* + CI-
Pb2*: PbCl, dissolves in hot water

H,S0,: Pb?*, Ba?*, Sr?*, Ca?* white precipitates

H,S (H*): Ag*, Hg,?*, Pb2*, Hg?*, Cu?*, Cd?*, Bi®*, Sb3*,
Sn?%*, Sn4t
Coloured sulphides: CdS, Sb,S;, SnS,, others are black

H,S is low dissociated in acidic medium , and therefore, only the least
soluble sulphides

also disproportionation: 3 CuS —» Cu,S + CuS + S
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Cations detection — group reactions

NH,HS: Fe?*, Fe3*, Cr3*, AB*, Co?*, Ni?*, Mn?*, Zn?*
Higher degree of dissociation of NH,HS to S? than H,S in acid
medium, therefore, more soluble sulphides precipitate

NH,HS precipitates at the same time cations presented at 3) (their
sulphides are less soluble)

FeS, Fe,S;, CoS, NiS — black
ZnS — white, MnS - light, oxidation = darkening

Cr3*, AB* - alkaline medium = Al(OH), white, transparent, Cr(OH),
green, sulphides are not formed

CoS, NiS — aging, polymerization, unlike other sulphides are insoluble
in HCI

In excess of NH,HS are dissolved:
Sb,S; + 3 S —» 2 SbS;*
SnS, + S —» SnS,

after acidification they precipitate again
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Cations detection — group reactions

NaOH: Ag*, Hg,2*, Pb2*, Hg?*, Cu?*, Cd?*, Bi3*, Sb3*,
Sn2+4+ Fez"’3+ ér?’* AI3+ Co2+ N|2+ Mn2+ Zn2*

Do not precipitate: Ba?*, Sr2+, Ca?* partially, Mg precipitates ~ pH > 9;
alkali metals; NH,*

Amorphous slimy precipitates: alkaline salts— hydroxides

In excess of NaOH amphoteric hydroxdes dissolve: Pb(OH),, Sb(OH)s,,
Sn(OH),, Sn(OH),, Cr(OH),, Al(OH);, Zn(OH), = employed for
separatlon of cations

Noble metals:

Ag* — Ag,0 brown

Hg?* — HgO yellow
Dismutation: Hg,?* + 2 OH- —» HgO + Hg + H,O (turns black)
Oxidation of hydroxides Mn2*/3* Co2*/3+ Fe2*/3* discoloration
Mn: light— brownish
Co: light— brownish
Fe: svétle zeleny — reddish brown
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Cations detection — group reactions

NH4OH: Ag*, ng+, Pb2+, ng"', CU2+, Cd2+, C02+, Ni2+, Zn2+,
Mn?2*, Bi3*, Sh3*, Sn2*/4* Fe2*3+ A3+, Cr3*
Do not precipitate: alkali metals; Ba%*, Sr*, Ca?*, Mg?*

In excess of NH,OH amphoteric hydroxdes do not dissolve : Pb(OH),,
Sb(OH),, Sn(OH),, Sn(OH),, Cr(OH),, Al(OH)4, Zn(OH),

In excess of NH,OH soluble ammincomplexes are formed, and
therefore hydroxides dissolve Ag*, Cd?*, Zn?*, Cu?*, Co?*to coloured
(Cu?* blue, Co?*3* oxidation by air — red Co(lll) complex) or colourless
(Ag, Cd, Zn) complexes

Hg,2* + X+ 2 NH; — HgNH,X + NH,* + Hg
Hg?* + X"+ 2 NH; —> HgNH,X + NH,*
2 Hg?* + 4 NH, — (Hg,N)* + 3 NH,* Millon base
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Cations detection — group reactions

Ki: Ag*, Hg?*, Pb2*, Hg?*, Cu?*, Bi3*
Agl — pale yellow, Pbl, — yellow, soluble in hot water to colourless
solution, Hgl, — red, Hg,l, — yellow-green, Bil; - brownish
excess of iodide — complex-forming features:
Pbl, + I- — [Pbl,]
Hg,l, + 2 I [Hgl, ] + Hg
Bil; + I- — [Bil,]
hydrolysis:
Bil; + H,O — BIiOl (orange) + 2 H* + 2 I
redox reactions:
Cu?* + 4 |- - 2 Cul (white) + I,
Hg,l, — Hgl, + Hg (graying)
2 Fe3* + 21— 2 Fe?* + 1, brown colour of solutions by
iodine
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‘ Cations detection — group reactions

8.

Hydrolytic reactions: Bi3*, Snz*/4*, Sh3*

hydroxocomplexes, basic salts and hydroxides are formed at
increasing pH — splitting of H* from H,O in hydration shells of cations

hydrolysis:
a) by diluting with water
b) by addding of acetate buffer HAc/Ac-, pH 5
significant hydrolysis — in teh form of chlorides:
Bi3* + H,O + CI-— BiOCI + 2H*

prof. Viktor Kanicky, Analyticka chemie I

15



Separation of cations

SAMPLE

~ RN
Results Separ. of HM Selective Group Ident. NH.*
verification| | by NH,HS reactions | | reaction HCI ent. M,

AN
Selegtive solution, filtrate precipitate
reactions group reaction AgCl, Hg,Cl,,
Na*, K*, Mg?* H,SO, PbCl,
solution, filtrate precipitate

additional group| | BaSO,, CaSO,,
reactions PbSO,
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Separation of cations — Selective
reactions

Removing of cations of heavy metals HM
o NH4HS = precipitation of sulphides
o MgO, var = MgO + H,0 — Mg(OH),
Me?* + Mg(OH), —» Me(OH), + Mg?*

Sample+ MgO, boiling
centrifugation

/\
/ N

Solution
Li* Na* K+ é;2+ Sr2+ Bg2+ Precipitate of hydroxides

verification by NH,HS including amphoteric

prof. Viktor Kanicky, Analyticka chemie I

17



‘ Group of poorly soluble chlorides

[ Hg,%*, Ag*, Pb%* ]

;
Reagent HCI (1:1)

!
[ Hg,Cl,, AgCl, PbCl, | white}
:

Hot water

A
~ ™

[l Hg,Cl,, AgClI } [ Pb2+ solution}

}
Diluted NH,4

~ ™

[i HgNH,CI + Hg (black) } [Ag(NH?,)ZCI solution}
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‘ Selective reactions of cations forming
poorly soluble chlorides

Sample + 1 mol.I" H,SO,
centrifugation

N

- N
solution precipitate
addition of 2M HCI addition of H,S
and centrifugation turns black due to PbS
AN
- 2
+ NH; 1:1 crystals AgCl
centrifugation microscope,
HgNH,CI + Hg® Tananajev reaction
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‘ Selective reactions of cations forming
poorly soluble chlorides

= Hg,?*:
1. Hg,Cl,+ 2 NH; —> NH,Cl + HgNH,CI | bila + Hg® | (grey precipitate)

2. Hg,* +2I-— Hg,l, | yellow-green
(turns black by resulting Hg)

5. Hg,** + CrO,- —» Hg,CrO, | ¢ervenohnéda

4. catalytic oxidation of AI° (Hg,?*, Hg?*, HgP),
interferes Cu?*, Bi3*, As'!
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Selective reactions of cations forming
poorly soluble chlorides

Ag*:
. AgCl + 2 NH,OH < Ag(NH,)?** + 2H,0 + CI-,
evolution of NH; = precipitation of AgCl — microscope

2. Ag* + Br -» AgBr | yellowish (in NH; only bleaches, does not
dissolve)

3. Ag* +1I-— Agl | yellow (no reaction with NH;)
4. 2AgT+CrO, —» Ag,CrO, | red-brown

5.  Redox Tananajev reaction
Mn(OH), + 2 Ag* + 2 OH —» 2 H,0 + MnO,, | brown + 2 Ag | black

6. Ag*+rhodamine + H* — zlutooranzova |
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Selective reactions of cations forming
poorly soluble chlorides

Pb?*:
. Pb?*+ H,S0,— PbSO, | white + 2H*;
PbSO, + 3 NaOH — Pb(OH), + SO, + 3 Na*; difference from
BaSO,

2. PbSO, + S —» PbS + SO,% | black; oddéleni
Ba2* od Pb2*: NH,OH — Pb(OH),; Ba2*, 2 OH-

5. PbSO, + K,CrO, — PbCrO, | yellow + 2 K* + SO,

s Pb%* + 21— Pbl, | yellow (golden rain),
in excess of |- converts to [Pbl,]? - colourless solution

5. Pb?* + difenylthiokarbazone — red|
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Sulphides precipitating from acid medium

| Hg?*, Bi**, Cu?+, Cd?
Reagent Hzé vH*at70 C
| Hgs black], Bi,S; brown |, CusS black|, CdS yellow| |
Reagent HNO;, (1:1)

(HgS black| | Bi®*, Cu?*, Cd2* (NO5) solutions |
Ginidlo NH, [NH,OH]

| Bi(OH), white| [Cu(NHs),]?* blue solution
[Cd(NH,),]?* colourless solution

A

1M H,SO, + Fe-chips Reagent KCN
A
I A
o : [Cu™(CN),]*> colourelss solution
[Cd solution ] [Cu brownl] [ [Cd?* (CN),]*> colourelss solution
Reagent H,S Reagent H,S
| CdS yellow| | | CdS yellow| |
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‘ Sulphides precipitating from acid
medium and soluble in (NH,),S,
| As?*, As*, Sb**, Sb5*, Sn2*, Sn** |

H,S in H*
— /]\ —
As,S; | yellow Sb,S; | orange SnS | brown
As,S; | yellow, Sb,S; | orange SnS, | yellow
only in H* (NH,),S,
[ASS43', SbS,*, SnS;> + S | pale yeIIow]
HAC+(1 1)
Boiling of geiipitates S2- with HCI

[A3285 ! yello}v [Sb3+,5+, Sn2+4+ roztoky}

Boil down to lower volume na mensi objem
and reduct with Fe-nail
—

[Sb ! black] [Sn2+’4+ solutions] — flame test,
blue luminescence
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Selective reactions of cations forming
low soluble sulphides in acid (2M HCI)

H,S + H,0 & HS + H;0*
HS- + H,O < S% + H,0*

HgS black

CusS black

Bi,S; brown

CdS yellow

Sb,S; orange-red

SnS brown

SnS, yellow

SnS, soluble in excess of NH,HS to SnS;*
o As,S; yellow, As,S; yellow, only in H*

U O 0O 0 0 0 O

ammonia-based separation
Hg?*, Cu?*, Cd?*, Sn?*, Sn!V, Sbh3*, Bi3*
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Selective reactions of cations forming
low soluble sulphides in acid (2M HCI)

1 ml sample

+1:1 NH,

+ NaAc separation
/\
/ T
Cd(NH,),2* colourless Me(OH), precipitates
Cd(NH,),?* colourless Cu(NH,),2* blue Me = Bi, Sb, Sn,
HgNH,CI, HgO
'

+ 1M H,SO, + Fe chips
centrifugation, boiling

A
- I

[+ addition NH,HS H} [" addition H,S — } Fe2* + 2e-— Fe (-0,44 V) [ disssolution }
e

CdS yellow precipitate CdS yellow precipitate | | Cd2* + 2e- — Cd (-0,40 V) precip. Bi, Sb, Sn
Cu?* + 2e- — Cu (+0,34 V) in acid
Reduction of Cu
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Selective reactions of cations forming
low soluble sulphldes in acid (2M HCI)

/HydronS|s in NaAC\
Bi3* precipitates
Sb(OH),", Sn(OH)4?,
Sn(OH);™ in solution

Dissolution of
precipitates Bi, Sb, Sn
in mineral acid

- /
Hg?#*
1. Reaction with SnCl.:

Sn?* + 2 Hg?* + 2 CI- — Hg,Cl, | white (turns gray /black) + Sn"V
removing of interfering Pb%*, Ag*, Hg,?* by addition of 2M HCI

2. Catalytic oxidation of Al

5. Reaction with KI : Hg?* + 2 I- — Hgl, red precipitate
Hgl, + 2 I-— [Hgl,]* soluble complex, interferes Bi3* by Bil; + I —
[Bil,] yellow solution, elimination by adding Cu?*, disprop. Cul
(white), sorption of Hgl, on Cul, Bil; dissolves

s, Hg?* + difenylthiokarbazone + OH- — red-orange solution

A\ 4
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Selective reactions of cations forming
low soluble sulphides in acid (2M HCI)

Cu?t

1. Reaction with K,[Fe(CN)]:
Cu?* + [Fe(CN)g]* — Cu,[Fe(CN)¢] | red-brown = Hatschett brown
precipitate of variable composition CuK,[Fe(CN)g], Cu,K[Fe(CN)s] in
neutral or weak acid medium; precipitate is soluble in NH; and in
diluted mineral acids; interferes Fe3* (Berlin blue), removed by NH,

2. Reaction with Kupral (Sodium diethyldithiocarbamate trihydrate)

(C,H;5),NCSSNa.3H,0, results in brown precipitate of chelate 1:2,
extraction to chloroform CHCI; trichloromethane, low soluble chelates
interfere, reaction is selective in NH; leachate and when masking with

EDTA
5. Cu?* + salicylaldoxim + H* — pale yellow| (salicylaldehyde oxime)

CH,CH=NOH-2-OH.
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Selective reactions of cations forming
low soluble sulphides in acid (2M HCI)

Cd?#*

1. Reaction with gaseous H,S or by addition of sulphane water forms
yellow precipitate CdS
after separation of HM: interfere Hg, Ag, Pb, Cu, Bi, Sb, Sn,
ammonia separation, in solution remains Ag Cu2*, Cd?*, reduction
of Ag*, Cu?* by means of Fe

. Cd?* +2 OH- — Cd(OH), | white

Bis*
1. Reaction with thiourea = yellow soluble complex (pH < 1)
{Bi[S=C(NH,),] 5}3*; interferes Sb3* , elimination by oxidation to Sb"Y
by KMnO, and Sbv masking by F-
2. Reduction by 3 Sn'' + 2 Bi’* — 2 Bi% + 3 Sn'V, bismuth = black
metal; interfere Ag*, Hg,?* - removing by 2M HCI, interferes Hg?*,
than detection of Bi3* by hydrolysis to BiOCI
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Selective reactions of cations forming
low soluble sulphides in acid (2M HCI)

BN

Sbh3*

Sb3* hydrolytically separated by means of NaAc, then reduction by
Fe in acid medium — black pulverized antimony and H,; interferes
Cu?*, this is eliminated by removing of hydrolysates

after oxidation by KMnO, to SbY coloured ion associate with crystal
violette is formed {SbClg; B*} extraction to benzene

Sb3* + Na,S,0; — | red precipitate of antimony vermilion
Marsh-Liebig test, antimony mirror does not move with heat

Sn?#*, Sn4t

Luminescence reaction in flame — blue emission of SnCl, interferes
Cu?* - green flame, therefore prior to test is reduced by Fe
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Group of other sulphides and hydroxidu
precipitated by ammonium hydrogensulphide

| Co?*, Ni?, Fe?*, Fe3*, Mn2*, AB*, Zn2*, Cr3* |
Reagent (NH,),S v NH,Cl and NH,OH medium

Al(OH); white|, ZnS white|, Cr(OH); grey-blue-green |
Cinidlo HCI (1:4)

[ CoS black|, NiS black |, FeS black |, Fe,S; brownish |, MnS flesh-pink], }

CoS | black, Nis | black | | Fe?*, Fe®, Mn2*, A%, Zn?*, Cr* (CI) solutions |
H,O, (5%) + H* NaOH (20%) + H,0, (5%)
 CoSO,, NiSO, solutions | Fe(OH), | reddish brown CrO,2 yellow solution
Mn(OH), | reddish brown AlO,3 [AI(OH),] cl. solution
Zn0,? [Zn(OH),J* cl. solution
+ 1 drop of H,0, + 1 drop of alizarine + 20% HCI
+ 1M H,SO, + 2M CH,COOH + [Fe(CN)gl*

+ extr. izoamylalcohol

| blue extract Cr3* | red solution AR* | | yellow-green| Zn?*|
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Selective reactions of Co?*, Ni¢*, Fe?*
Fe3* Mn2*, APt Zn2*, Cr3*

4 N
1 ml 1M NH,
1 drop of sample
centrifugation
\ /
N
[ N
4 solutions ) 4 precipitates )
[ZN(NH,)c]% Cr(OH);, Al(OH),,
[Co(NH,)e]? Fe(OH),;, Fe(OH),,
S [Ni(NH,),J?* D S Mn(OH),, Co — basic salt D

prof. Viktor Kanicky, Analyticka chemie I



Selektivni reakce kationt Co?*, Ni?*,
Fe2t Fesd*, Mn4*, A3t Zn2*, Cr3*

W h =

Fe3*

s thiokyanatanem (SCN)- v kyselém prostredi
Fe’* + SCN- — Cervené komplexy [Fe(SCN)J?*, [Fe(SCN),]*...
Fe[Fe(SCN)G] typicky krvavé Cerveny roztok; rusi fluoridy
K,[Fe(CN),] v kys. prostfedi vznika srazenina nebo koloidni roztok
1|nske modi K{Fe''[Fe!(CN),]} respektive Fe'l,[Fe'(CN)gls; rusi
Cu2+ ve velkém nadbytku

s kyselinou sulfosalicylovou v kys. prostf. vznika fialovy roztok
rozpustného chelatu; rusi fluoridy a dinydrogenfosforeCnany

Fe3*+ 3 NH,;+ 3 H,O — 3 NH,* + Fe(OH); | rezavé hnéda,
v nadbytku NH nerozpustna

Fe?*

s 1,10-fenanthrolinem pfi pH 2-9 vznika stabilni Cerveny chelat
s kynozelezitanem K;[Fe(CN)g] vznika Berlinska modr

bezvodé soli Fe?* jsou bilé, hydratované svétle zelené: FeSO,.7H,0,
(NH,)Fe(SO,),.6H,0 (Mohrova sul) a FeCl,.4H,0
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Selektivni reakce kationt Co?*, Ni?*,
Fe2t Fesd*, Mn4*, A3t Zn2*, Cr3*

Al3t

1. s alizarinem S (1,2-dihydroxyantrachinon-3-sulfonan) vznika
Cerveny lak — chelat AlL, povrchové adsorbovan na Al(OH); v NH,
prostredi, rusi: Fe3*, Cu?* - oddéleni pomoci NaOH

2. s kvercetinem — vznika zelené fluoreskujici, ve vodé malo
rozpustny Al - chelat pfi pH 1-4, rusi: Zn?* a Sb3* — nepatrna
fluorescence, maskovani: F-

Cr3*

1. s peroxidem H,O, v alkalickém prostfedi za varu — CrO,? Zluty
roztok, po okyseleni pfechazi s prebyteCnym peroxidem na nestaly
modry peroxid CrV'Og, rusi: Mn?* - alkalické déleni

2. Cr3*+ 3 NH; + 3H,0 — 3 NH,* + Cr(OH), | Sedozelena
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Selektivni reakce kationt Co?*, Ni?*,
Fe2t Fesd*, Mn4*, A3t Zn2*, Cr3*
Zn?3*

1 s kyanozeleznatanem K,[Fe(CN);] v prostfedi 1M HCI vznika bila
srazenina K,Zn[Fe(CN)g]; rusi Fe3*, Cu?*, Mn?*, Ni* a Co?* - déleni v 10%
NaOH

2. s difenylthiokarbazonem v alkalickém prostfedi vznika zeleny roztok,
vytfepanim v roztoku CCl, pfechazi na purpurovou Cerven

Co?t

1, s thiokyanatanem vznika modry rozpustny komplex [Co(SCN),]%, extrakce
napf. do izoamylalkoholu, rusi Fe3*, Bi3* - maskovani s F-, Cu?* tvofi
hnédou srazeninu

2. bezvodé soli jsou modré, hydratované razové napf.: CoCl,.6H,0,
Co(NO,),.6H,0, CoSO,.7H,0

3, Co?* + 2 NH; + 2 H,0 — | svétle modra zasaditych soli, rozpousti se v
nadbytku NH, na [Co(NH,),]?*, ktery oxiduje na [Co(NH,;)s]** (hnédy roztok)

4. s 1-nitroso-2-naftolem vznika Cervenohnéda srazenina chelatu Col, rusi
Cu?*, Fe3*, Hg?*, Ni?* - jejich chelaty se v 10% HCI rozlozi
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Selektivni reakce kationt Co?*, Ni?*,
Fe2t Fesd*, Mn4*, A3t Zn2*, Cr3*

Mn?*
1. oxidaci v kyselych roztocich jodistanem za horka vznika fialovy
MnO,
2. Mn?* + 2 NH; + 3 H,0 — bila | zasaditych soli, v dusledku oxidace
hnédne

3. bezvodé soli jsou bezbarvé hydratované ruzove: MnSO,.7H,0,
Mn(NO,),.6H,0, MnCl,.4H,0

Ni2*

1. s diacetylaldioximem (Cugajevovo &inidlo) v amoniakalnim
prostfedi vznika ruzové Cervena srazenina chelatu Ni(DH),

2. Ni*+ 2 NH; + 2 H,0 — | zasadité soli, v nadbytku NH; vznik
[Ni(NH;),]?* modry roztok

5. hydratované soli Ni?* jsou zelené, bezvodé jsou bezbarvé

prof. Viktor Kanicky, Analyticka chemie I 36



‘ Skupina kationtu kovu alkalickych
zemin

[ BaZ+, Sr2+, Ca2+ ]

v
NH,CI nasyceny roztok

NH,OH 1:1
(NH,),CO, na¢syceny roztok

[ BaCO; bila |, SrCO; bila |, CaCO; bila i]

v
rozpustit v CH;COOH (1:1)
pfidat CH,;COONa 10%

pfidat K,Cr,0, 30%
[ BaCrO, zZluta i] [Sr2+, Ca?* roztoky]
!
- (NH,),SO, 40%\
SrSO, bila || Ca2* roztok + (NH,)C,0, 3%
— CaCZO4 bl’lé i + 2 NH4+
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Selektivni reakce alkalickych kovu a
kovu alkalickych zemin
= Li*, Na*, K*, NH,*

o bezbarve, dobre rozpustné soli; netvori stabilni komplexy
o plamenové zkousky (ne NH,*) - zbarveni emisi alkal. kovu

o reakce s organickymi Cinidly

= Ca?*, Sr?*, Ba%t

o srazeniny: SO,%, CrO,%, OH-, F, C,0,%, CO,?% rozpustnost:

= SO, CrO,*: Ca?*> Sr?* > Ba?*
= OH,F,C,0,%: Ca?<S8r?*<Ba?"
= CO,%: Ca?*= Ba?* < Sr?*
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Selektivni reakce alkalickych kovu a
kovu alkalickych zemin

plamenoveé zkousky — tekave chloridy, Pt drat

o Li%* karminové ¢ervena 670,0 nm

o Na*zluta 589,6 a 589,0 nm

o K*fialova + ¢ervena 404,7 a 768,0 nm

o Ca?* cihlové ¢ervena 620,0 nm

o Sr2* ervena + oranz. 674,7; 662,8 a 606,0 nm (oranz.)
o Ba?*zelena 531;: 524 a 514 nm
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Selektivni reakce alkalickych kovu a
kovu alkalickych zemin
Li*

1. LiCl je rozpustny v organickych rozpoustédlech x chloridy Na, K, Ca a Ba,
vhodné pro oddéleni pro plamenovou zkouSku

Na*
1. s octanem uranylo-zineCnatym v kyseliné octové vznika svétle zluta krystalicka
srazenina NaMg(UO,);(CH4;C00)4.9H,0, rusi TK

K+

1. s dipikrylaminem vznika oranzZovo-Cervena srazenina draselné soli
hexanitrodifenylaminatu, rusi TK, NH,*

2. s kyselinou pikrovou vznika pikran draselny zZluta srazenina

NH,*
4
1. s Nesslerovym Cinidlem v alkalickém prostfedi vznika hnéda az zluta
srazenina;
pfiprava Ness. Cinidla: HgCl, + 2KI — Hgl, ... + 2Kl — [Hgl,]*;
v NaOH reakce [Hgl,]> + NH,* — Hg,I;NH, rusi vSechny kationty, které se
srazeji v alkalickém prostredi
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Selektivni reakce alkalickych kovu a

kovu alkalickych zemin
Mg?3*

1. s Magnezonem (4-nitrobenzen azorezorcin nebo 4-nitrobenzenazo-1-naftol)
v NaOH tvofi modrou srazeninu chelatu; slepy pokus: zluta — fialova
v roztoku (acidobazicky indikator); modry chelat — zbarveni pfi adsorpci na
Mg(OH),

2. s thiazolovou (titanovou) Zluti vznika Cervena srazenina; slepy pokus dava
Zluty az oranzovy roztok

3. 8 8-hydroxichinolinem v alkalickém prostiedi vznika Zluta srazenina (jehliCky)

Ca?%t

1. s kyselinou Stavelovou ve slabé kyselém prostredi vznika bila krystalicka
srazenina $§tavelanu vapenatého; Nerusi Sr?*, Ba2*, alkalické kovy, rusi TK -
odstranéni s MgO

Sr2*

1. Zluta srazenina s K,CrO, po oddéleni TK, rusi Ca?*, na rozdil od Ba?* se
nesrazi Sr*ve 2 mol.I"' kys. octové

Ba?*

1. srazi se s K,CrO, ve 2 mol.I'" HAc, v neutr./ alkal. prostfedi, srazi se 1 mol.I!
H,SO
29y
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