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Introduction:

Definitions:

Analyticalchemistry:Involvesseparating,identifying,and

determiningtherelativeamountsofthecomponentsmakingupa

sampleofmatter.

Qualitativeanalysis:Identifyingthecomponentsofasample.

Quantitativeanalysis:Measuringtheamountofanalysisin

thesample.

Analysis:Qualitative and quantitative characteristics of

chemicalanalytes.

Analytes:Componentsofasamplethataretobedetermined.

Abbreviations:

ph.ph. Phenolphthalineindicator

M Molarity

N Normality

L.P. Litmuspaper

Conc. Concentrated

Dil. Diluted

D.W. Distilledwater

B.P. Boilingpoint

Res. Residue

Ac. Acetate

Sat. Saturated
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Qualitativeanalysis:

Involvestheidentificationoftheconstituentsofmaterialsby

systematic methods.The materials are restricted to ordinary

inorganicsubstances,thecomponentsofwhichmaybedetected

bymeansofcationandanionanalysis.

Apparatus and glassware used in qualitative
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analysis:

1.Testtube.

2.Centrifugetesttube.

3.Centrifuge

4.Glassrod

5.waterbath

6.Dropper.

7.Reagentbottle.

8.Washingbottle.

9.Rack.

10. Brush

11. Funnel

12. Measuring

cylinder
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Systematicseparationofcationsintogroups:

Thesystematicanalysisofthecommoncationsisbased

upontheprecipitationofgroupsofions,sothatthetotalnumber

ofionscanbebrokenintoasmallnumberofgroups.Afterthe

group separation ismade,theionswithin thegroup mustbe

separatedtotheextentnecessaryforindividualidentification.
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AnalysisofgroupIcations(Ag+,Pb2+,Hg2
2+):

Principle:

GroupIcanbeseparatedfrom theothergroups,sincetheyform

slightlysolublechlorideswiththeadditionofhydrochloricacid.

TheothergroupswillremaininsolutionthusallowingthegroupI

chlorideprecipitatestoberemovedandfurthertested.

Procedure:

Place1mL(10drops)ofthesolutiontobeanalyzed(mixture

solution)inatesttubeandadd4dropsof3NHCl.Mixthoroughly

andcentrifugethenrejectthefiltrate.

Totheresidueadd5dropsofaquaregia*,thenheatina

waterbathfor5minutes**,dillutewith1mLofdistilledwater,heat

inawaterbathfor3minutes***andcentrifuge.

Residue(silverchloride):

Add10dropsof3Nammonia,stirthoroughly,heatinawater

bathtodissolvetheresidueandadd2dropsofphenolphthaline

(ph.ph.)thenadd3NHCldropbydroptillchangingcolorfrom pink

tocolorless,noteformingofwhiteprecipitateindicatespresence

ofsilverions.

Filtrate:

ContainHg2
2+andPb2+ions:devidethesolutionbyhandinto

twoequalpartsonetodetectmercurousionsandtheotherto

detectleadions.

1.DetectionofHg2
2+ions:

Add1dropofconc.ammonia,1dropof1NKIand5drops

of4N NaOH,formation ofbrown residue indicates the

presenceofmercurousions.
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2.DetectionofPb2+ions:

Add5dropsof1N CH3COONH4 and1dropof1N K2CrO4.

Yellowprecipitateconfirmspresenceofleadions.

*Aquaregiapreparedbymixing3volumesofconcentratedHClwith1

volumeofconcentratedHNO3.

**TodissolveHg2Cl2byoxidizingwithaquaregia.

***DillutionandheatingtodissolvePbCl2.
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SystematicseparationanddetectionofgroupIcations
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ChemicalReactionsInvolvedintheSeparationofGroupI

Cations:

(Groupprecipitation):

Lead,silverandmercurousionsgivewhiteprecipitatewiththe

chlorideioninanacidsolution:

Confirmationofpresenceofsilverion:

ConfirmationofpresenceofmercuryIion:

Confirmationofpresenceofleadion:
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AnalysisofgroupIIcations

Mercury(Hg2+),copper(Cu2+),bismuth (Bi3+),lead (Pb2+),

cadmium (Cd2+),tinI(Sn2+),tinII(Sn4+),arsenicI(As3+),arsenicII

(As5+),antimony(Sb3+).

Principle:

GroupIIarereadilyseparatedfrom theothergroupsbyaddingH2S

tothesolutionafterthegroupIcationshavebeenremovedand

adjustingthepHto0.5(0.3N).Wecanremovethecationsof

groupIIassulfidesprecipitate.

Procedure:

Place1mL(10drops)ofthesolutiontobeanalyzed(mixture

solution)inatesttubeandadd2dropsofmethylviolet.Make

barelyalkalinewith concentrated ammonia(uselitmuspaper),

thenaddconcentratedHCl(uselitmuspaper)untilitjustacid(the

colourchanged from violetto green and pH ofthe medium

becomes0.5*[0.3N].Add10dropsofthioacetamidesolutionand

heatinaboilingwaterbathfor5min.**.Centrifugeandreject

filtrate.

Precipitate:consistsofsulfidesofcationsofgroupII(As2S3,

As2S5,Sb2S3,SnS,SnS2,HgS,PbS,CuS,Bi2S3,CdS).

SeparationofgroupIIAandIIB:

Add8dropsof3NKOHtotheresidue,stirandheatinwater

bathfor3min.centrifuge.
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Residue:consistofsulfidesofgroupIIA:HgS,CuS,CdS,PbS,

Bi2S3.

Filtrate:issolutionofsolublecomplexionsofgroupIIBcations,

whicharearsenic,antimonyandtin.

*Thedirectionsforacidifyingthesolution,produceasolutionwhichis0.3N.

thisisthecorrectacidifyfortheseparationofgroupII.Ifthesolutionistoo

acid,theprecipitationofsomeofthecationsmaybeincomplete.Ifthe

solutionisnotsufficientlyacid,someofthecationsofgroupIIIcationsmay

beprecipitatedassulfidessuchaszincandcobalt.

**HeatingisgetridofexcessofH2S.IftheH2Sisnotexpelledfrom the

centrifugate,atmosphericoxidationwillconvertS2-toSO4
2-.Thepresenceof

sulfatewillcauseapartialprecipitationofgroupIVcationsassulfates(such

asbarium sulfate).
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AnalysisofgroupIIAcations:

Procedure:

Totheresiduefrom subgroupseparation,add10dropsof

3NHNO3,heatinawaterbathfor2min.andcentrifuge.

Residue:(HgS)

Dissolvein4dropsofaquaregia.Add10dropsofdistilled

waterandboilinawaterbathfor2min.Coolandadd2dropsof

SnCl2solution.WhiteorgrayprecipitateofHgandHg2Cl2confirms

presenceofmercuricion.

Filtrate:containslead,bismuth,copperandcadimium ions.Add

concentratedammoniadropbydroptomakebarelyalkaline(use

litmuspaper)thencentrifuge.

Residue:Bi(OH)3

Add 10 ormore drops offreshly prepared potassium

stannite*solution.Blackresidueindicatespresenceofbismuthion.

*Topreparepotassium stannitesolution,add3NKOHdropbydropto2drops

ofstannouschloridesolutionuntilthegelatinousprecipitateofstannous

hydroxide,firstforms,barelydissolves.



XIII

Filtrate: containssolublecopperandcadmium complexions.

Deepbluesolutionconfirmspresenceofcopperion.Totestfor

cadmium ion,add5dropsofthioacetamidesolutionandplacein

boilingwaterbath*for5min.Yellowprecipitateindicatespresence

ofcadmium ion.

AnalysisofgroupIIBcations:

Procedure:

To filtrate from subgroup separation,add 10 drops of

concentrated HCl, stir and heat in a water bath for 1

min.*centrifuge.

Residue:(As2S3,As2S5)

Add4dropsofconc.HNO3,heatinwaterbathfor5min.Add

5dropsof0.5NAgNO3solution,stir,thenadd15dropsof2.5N

NaAcsolution.Formationofreddish–brownprecipitateconfirms

presenceofarsenic.

Filtrate:containsantimonyandstannousions.Divideintotwo
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unequalportions.

*ThesolutionisheatedtoexpelH2S,withpreventtheantimonyandtinions

precipitating.

Smallportion:(Makeatestforantimony)

Addconc.NH3dropbydrop(uselitmuspaper)thenadd0.3

goxalicacid,add3dropsofthioacetamide.Formationoforange

precipitateindicatespresenceofantimony.

Largeportion:(Testfortin).Addanequalvolumeof3NHClto

thisportion.PlaceapieceofMg*ribbon.2cm longinthesolution

and allow to stand untilcompletelydissolve.Add 4 dropsof

saturated HgCl2 solution.White orgray precipitate confirms

presenceoftin.

*Themagnesium metalisaddedtoreducetheantimonyionscompletelyto

themetal,andstannictostannousions.
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SystematicseparationanddetectionofgroupII

cations
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ChemicalReactionsInvolvedinSeparationand
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IdentificationofgroupIIcations:

Note:Thioacetamide in aqua acid medium evolve H2S which

precipitategroupIIcations.

CopperionprecipitateasblackCuSwithhydrogensulfide:

Bismuth ions precipitate as dark brown Bi2S3 with hydrogen

sulfide:

LeadionsgiveablackprecipitateofPbSwithhydrogensulfide:

Cadmium ionsprecipitateasorange-redCdS withhydrogen

sulfide:

ArsenicIandarsenicIIionsgiveyellowprecipitatewithhydrogen

sulfide:

Antimonionsgiveorangeprecipitatewithhydrogensulfide:
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StannousionsproduceabrownprecipitateofSnSwithH2S:

StannicionsproducealightyellowprecipitateofSnS2withH2S:

DetectionofmercuryIIion:

Detectionofbismuthion:

Detectionofstannousandstannicions:
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AnalysisofgroupIIIcations:Aluminium (Al3+),Chromium

(Cr3+),Zinc(Zn2+),Ferrous(Fe2+),Manganese(Mn2+),

Cobalt(Co2+),Nickel(Ni2+)

Procedure:

ThecationsofgroupIIIdon’tform slightlysolublechloridesand

don’tform sulfidesthroughprecipitationbyH2SatpH0.5.some

sulfides,howeverthatarenotprecipitatebyH2Sinacidicmediawill

beprecipitatebyH2Swhentheacidityisloweredorbaseisadded

beforetreatment,togetasulfidesandhydroxidesofcations.

Procedure:

Place1mlofthesolutiontobeanalyzed(mixture)inatest

tube,add4dropsofsaturatedNH4Cl,thenaddconc.ammonia

dropbydropuntilsolutionisdistinctlyalkaline(usel.p.)toensure

complete precipitation ofgroup IIIcations.Add 10 drops of

thioacetamidesolutionandplaceinboilingwaterbathfor5min.

thencentrifuge,rejectthefiltrate.precipitatecontainssulfidesand

hydroxidesofgroupIII.

SeparationofgroupIIIintosubgroups:

Add5dropsofaquaregiatotheresidue,stirandmake

solution basic with conc.KOH (use l.p.),then add 2mlof
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H2O2*slowlywith stiring,heatin a waterbath for3 min.and

centrifuge.

*H2O2 isaddedtooxidizingchromitetochromateion.Atthesametime,

ferrous and cobaltous hydroxides to ferric and cobaltic hydroxides.

Manganoushydroxideisoxidizedtohydratedmanganese.

Note:AlargeexcessofH2O2istobeavoided,sincethehydroxides

ofiron,cobaltand nickelmaybe interfere in a strong basic

solutionwiththetestforaluminium andzincions.

AnalysisofgroupIIIAcations:(Al3+,Zn2+,Cr3+)

Procedure:

Tothefiltrateadd10dropsofsaturatedNH4Ac,acidifythe

solutionwith3N HAc (usel.p.).Now add3N ammoniauntil

solutionisammoniacal*.Centrifuge.

Residue:(Al(OH)3)

Add 3 drops of3N HCldrop bydrop untilresidue is

dissolved.Add 3 drops ofsaturated NH4Ac and 3 drops of

aluminon**,thenmakedecidedlyammoniacalwith3NNH3.Allow

mixture to stand 2 min.the centrifuge.Separation ofa red

precipitateconfirmspresenceofaluminium ion.

Filtrate:containsCr3+,Zn2+***

Add1NBa(Ac)2untilprecipitationiscomplete.Centrifuge.

Residue:containsBaCrO4

Add3NHAc,dropbydropuntilacid(uselitmuspaper),thenadd1
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drop ofPb(Ac)2.Formation ofyellow precipitation indicates

presenceofchromium ion.

Filtrate:containsZn2+

Acidifythesolutionwith3NHAc(uselitmuspaper),add5dropsof

thioacetamidesolutionandplaceinboilingwaterbathfor5min.

Formationofawhiteprecipitateconfirmspresenceofzincion.

*The precipitation ofaluminium hydroxide is complete in the buffered

ammonia–ammonium acetatesolution.

**Aluminon dyeform a red lakewith Al(OH)3.Thistestisspecificfor

aluminium .

***Thesolutionmustbeyellowifchromium ispresent.

AnalysisofgroupIIIBcations:(Fe2+,Co2+,Ni2+,Mn2+)

Procedure:

Dissolveaprecipitateinconc.HCl.Diluteresultingsolution

toapproximately2mLanddivideitintofourportions.

Firstportion(testforMn2+)

Add0.2gofsolidsodium bismuthate(NiBiO3).Stirwell,then

centrifuge.Reddish–purple*colorintheliquidconfirmspresence

ofmanganeseion.

Secondportion(testforFe2+)

Add2dropsof3N NH4CNS.Appearanceofdeep**redcolor

confirmspresenceofferricion.

Thirdportion(testforCo2+)

AddsolidNaF***withstirring,untilundissolvedNaFremains.Let

10 drops ofalcoholic NH4CNS run down side oftesttube
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containing this portion.Appearance ofblue – green colorat

junctionofthetwoliquidsconfirmspresenceofcobaltion.

Fourthportion(testforNi2+)

Add solid NaF***with stirring,untilundissolved NaF remains.

Makethesolutionbasicwith3N NH3,thenadd4dropsofDMG

(dimethylglyoxime).Formation of a red precipitate confirms

presenceofnickelion.

*Inanacidsolution,sodium bismuthate,oxidizesmanganousionstothe

purple–coloredpermanganateions.

**Thecolormustbedarkreddish–brown.Tracesofferricionsfrom the

reagentgiveapaleredcolorinthissensitivetest.

**Ifsodium florideaddedtoasolutioncontainingferric,cobaltandnickel

ions,theinterferencefrom ferricioninthetestsforcobaltandnickelis

eliminated.
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AnalyticalofgroupIVcations:(Mg2+,Sr2+,Ca2+,Ba2+)
Chemicalreactions involved in the separation and

identificationofgroupIIIcations
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Detectionofaluminium ion:

Detectionofchromium ion:

Detectionofzincion:

Detectionofmanganeseion:

Detectionofferricion:

Ferricinterferewithtestsofcobaltandnickel,thisinterferenceis

preventedasfollow:

Detectionofcobaltion:
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Detectionofnickelion:

AnalysisofgroupIVcations:Magnesium

(Mg2+),Strontium (Sr2+),Calcium (Ca2+),Barium (Ba2+)

Principle:

GroupIVandVwillremaininasolutionafterthegroupsI,II,andIII

havebeenremovedbecausetheirchlorides,sulfides,and

hydroxidesaresolubleenoughaftertheothergroupprecipitation

conditions.

GroupIVcationsform insolublecarbonates,thisprincipleisused

toseparatethem from groupVcations,whichform soluble

carbonates.

Procedure:

Place1mLofthesolutiontobeanalyzed(mixture)inatesttube,

add10dropsof0.5N (NH4)2HPO4 andconcentratedammonia

untilstronglyammoniacal(usel.p.),centrifuge.

Residue:

Contains phosphates of barium, calcium, strontium and
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magnesium.Treataprecipitatewith5dropsofconcentrated*HAc

andstir.Dilutethesolutionto2mlwithdistilledwater,add5drops

of2NK2CrO4,andstirfor1min.Centrifuge.

Residue:

ContainsBaCrO4,add6dropsofconc.HClandheatinawater

bathuntilvolumeisreducedtoonehalf**.Confirm presenceof

barium ionbyflametest(yellow–green).

Filtrate:

Containsstrontium,calcium,andmagnesium ions.Makesolution

stronglybasicwithammonia(uselitmuspaper)andcentrifuge

then rejectthe filtrate (contains chromate ions).Dissolve the

residuein5dropsofconc.HAc,dilutewith5dropsofdistilled

water.Add5dropsof2N(NH4)2SO4,heattoboilinginwaterbath,

coolandcentrifuge.

Residue:

ContainsSrSO4,add3dropsofconc.HCl.Confirm presenceof

strontium ionbyflametest(crimson–red).

*Todissolvebarium chromatewhichprecipitateindilutedaceticacid.

** Barium chromate is notsufficiently volatile to give a flame test,

consequently,thiscompoundmustbeconvertedtoonewhichvolatileby

evaporationwithconc.HClandconvertedtoBaCl2whichgiveexcellentflame

test.

Filtrate:

Containscalcium andmagnesium ions.Add5dropsof(NH4)2C2O4

andheattoboilinginwaterbath.Whiteprecipitateorcloudingof

solutionindicatespresenceofcalcium ion.Centrifuge.

Residue:
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ContainsCaC2O4.Add2dropsofconc.HClconfirm thepresence

ofcalcium ionbyflametest(brick–red).

Filtrate:

Contains magnesium ions.Add 2 drops ofp-nitro benzo azo

resorcinol(magnesia*)and3dropsofconc.KOH.Heatinwater

bathfor5min.thencentrifuge.Formationofablueprecipitate

confirmspresenceofmagnesium ion.

*Magnesiaisspecificdyeformagnesium ioninthepresenceofothercations

andisusedasaconfirmatorytestforthemagnesium ion.

Note:

1.In testCa2+,Sr2+ and Ba2+ in flametest,mustusetheir
chloridesalt.(Why?).

2.We can'tdo flame testformagnesium ion,so tested
chemically.
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CChemical reactions involved in the separation and

identificationofgroupIVcations:

Detectionofbarium ion:

Detectionofstrontium ion:

Detectionofcalcium ion:
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Detectionofmagnesium ion:

Thisprecipitatehasthepropertyofadsorbingcertainorganic

dysetoform coloredlakes.Thisdyeismagnesia.

Analysis of group V cations: Ammonium (NH4
+),

Potassium (K+),Sodium (Na+)
Thisgroupcalledsolublegroupandincludessodium,potassium

andammonium ions.Thesaltsofthesecationsarequitesoluble.

Thisaccountsforthefactthatthereisnoprecipitatingagentfor

thegroup.

Identificationofsodium andpotassium ions:

UsechloridesaltsforNa+andK+andtestinflame.

Na+giveyellowcolorinflame.

K+ givevioletcolorinflame.

Identificationofammonium ion:

Place5dropsofsolution(maycontainammonia)isasmallbeaker

andadd5dropsofwater.Makesolutionalkalinewith3N KOH.

Immediatelycoverbeakerwithawatchglasstowhichadheresa

stripofmoistenedredlitmuspaperonconvexside.Warm solution

gentlyfor1min.Evenshadingoflitmuspaperfrom redtoblue

confirmspresenceofammonium ion.

Flametest:

Theplatinum wiretobeusedfortheflametestmustbefreefrom

anyadheringsubstanceswhichwillcolortheBunsenflame.

Cleaningplatinum wire:
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Dipthewireintoclean,concentratedHCl,containedinatesttube,

andthenheatthewireinaflameuntilred–hot.Iftheflameis

coloreddipthewireagainintotheacidandheatintheflameagain.

Repeatthisprocedureuntilthewireimpartsnoappreciablecolor

totheflame.

Tomakeaflametestdiptheloopofthecleanplatinum wireinto

thesampletobetested,andtheninsertthewireintotheoxidizing

portionofacolorlessgasflame.

The table below show the flame colors of cations salts

(especiallychlorides),forgroupIVandV.

Cation Flamecolor

Barium Yellowish–green

Strontium Crimson

Calcium Brick-red

Sodium Yellow

Potassium Violet
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Propertiesofplatinum wire:

1.Doesnotdissolveinconcentratedacids.

2.Doesnotfuseormelt.

3.Resistsoxidationbyatmosphere.

4.Doesnotreactwiththetestedions.

Systematicanalysisoftheanions:

Theanionsarenegativelychargedionsproducedbytheionization

ofacidsandsalts.Thereisnospecificclassificationforanions

because:

1.Mostanionscomposedoftwoormoreelementsboundin

chemicalcombination.

2.Mostanionsgivesimilarresidueswithcations.Thepresent

schemeidentifiessomecommonlyoccurringanions.These
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areasfollows:

Borate BO2
-

Bromide Br-

Carbonate CO3
2- bicarbonate HCO3

-

Chloride Cl- chlorate ClO3
-

Chromate CrO4
2- perchlorate ClO4

-

Fluoride F- chlorite ClO2
-

Iodide I- hypochlorite ClO-

Nitrate NO3
-

Nitrite NO2
-

Oxalate C2O4
2-

Phosphate PO4
3-

Sulfate SO4
2-

Sulfide S2-

Sulfite SO3
2-

Thiocyanate CNS-

Thiosulfate S2O3
2-

Acetate CH3COO-

Analysisofsomeanions

1.SulfiteionSO3
2-

Place1mLofsampletobetestedintoatesttube,add2

dropsofconc.HCland5dropsofBa(Ac)2.Centrifugeand

discardanyprecipitatemayformed.Toclearcentrifugate

add5dropsofH2O2.Formationofwhiteprecipitateconfirms
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presenceofsulfite.

2.OxalateionC2O4
2-

Place1mLofsampletobetestedintoatesttube,add10

dropsof1.5NH2SO4.Heatwithstirringinwaterbathfor1

min.Add2dropsof0.01NKMnO4solution.Disappearance

ofpinkcolorindicatespresenceofoxalate.

3.SulfateionSO4
2-

Place1mLofsampletobetestedintoatesttube,addIN

Ba(Ac)2dropwise,untilprecipitationiscomplete.Centrifuge,

andrejectthefiltrate.Totheresidueadd10dropsof3NHCl.

Whiteresidueconfirmspresenceofsulfate.

4.ChromateionCrO4
2-

Place1mLofsampletobetestedintoatesttube,addIN

Ba(Ac)2dropwise,untilprecipitationiscomplete.Centrifuge,

andrejectthefiltrate.Totheresidue,add5dropsof3NHCl,

stirandcentrifuge.Tothefiltrate,add10dropsof2.5N

sodium acetate,yellow precipitate confirms presence of

chromate.

5.SulfideionS2-

Take0.5gCdSinasmalltesttube,add3dropsof3NHCl

covermouthofthetubewithastripoffilterpapermoistened

with0.5NPb(Ac)2.Brownorblackcolorationoftestpaper,

causedbyformationofPbS,indicatespresenceofsulfide.

6.ChlorideionCl-

Place1mLof1NHClinatesttube,add0.5NAgNO3,drop

bydrop,untilwhiteprecipitateformedindicatespresenceof

chloride.
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7.NitrateionNO3
-

Placeasmallcrystalsofferroussulfateinadepressionof

aspotplate.Add1dropofthesolutiontobetestedand1

drop ofconcentrated H2SO4.Formation ofa brown ring

aroundthecrystalindicatespresenceofnitrateion.

Generalprocedurefortheexperimentationandanalysis

ofanunknownsample:

1.Theunknownisasolution:

A-Physicalexamination:

1-Colorofthesolution:

Cupricionisblue.

Nickelousionisgreen.

Coblatousionispink(deepthanmanganousion).

Manganousionispink.

2.Colorofflametests:

Volatilecompound Colorofflame

Sodium yellow

Potassium violet

Calcium brick-red

Strontium crimson

Barium yellow-green

B-Chemicalexamination:

1-Usinglitmuspaper.

2-Cationanalysis.
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3-Anionanalysis.

II-Theunkownisanonmetallicsolid

A-Physicalstructure:

1-Crystalstructure:

2-Color.

B-Solubilitytests:

1-Watersoluble

2-Solubleinacids

3-Insolubleinwaterandinacids.

III-Theunknownisametal

A-Physicalexamination.

B-Solubilitytests.

C-Chemicalexamination.
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