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SALT ANALYSIS

Analysisaways does not mean breaking of substanceinto itsultimate constituents. Finding out the
nature of substanceand identity of itscongtituentsisa so analysisand isknown asqualitativeanalyss.
Qualitative analysis of inorganic salts means the identification of cations and anions present in the
sdt or amixture of salts. Inorganic salts may be obtained by compl ete or partial neutralisation of acid
with base or vice-versa. In the formation of a salt, the part contributed by the acid is called anion
and the part contributed by the baseis called cation. For example, in the salts CuSO, and NaCl, Cu*
andNa' ionsarecationsand SO,*~and Cl-ionsareanions. Qualitative analysisis carried out on various
scales. Amount of substance employed intheseisdifferent. In macroanaysis, 0.1 to 0.5 g of substance
and about 20 mL of solution is used. For semimicro analysis, 0.05 g substance and 1 mL solution
isneeded whilefor micro analysisamount required isvery small. Qualitative analysisis carried out
through thereactionswhich are easly perceptible to our sensessuch assight and smell. Such reactions
involve:
(@ Formation of aprecipitate
(b) Changein colour
(© Evolution of gas etc.

Systematic analysis of an inorganic salt involvesthe following steps.
(i) Preliminary examination of solid salt and its solution.
(i) Determination of anionsby reactionscarried out in solution (wet tests) and confirmatory tests.
(ili) Determination of cationsby reactions carried out in solution (wet tests) and confirmatory tests.
Although thesetestsare not conclusive but sometimesthey give quite important cluesfor the presence
of certain anionsor cations. Thesetests can be performed within 107*° minutes. Theseinvolve noting
the general appearanceand physical properties, such ascolour, smell, solubility etc. of thesalt. These
are named as dry tests.
Heating of dry salt, blow pipe test, flame tests, borax bead test, sodium carbonate bead test,
charcoal cavity test etc. come under dry tests.
Solubility of asalt in water and the pH of agueous solutions give important information about the
nature of ions present in the salt. If asolution of the salt isacidic or basic in nature, this means that
itisbeing hydrolysed in water. If the solution isbasic in nature then salt may be some carbonate or
sulphide etc. If the solution shows acidic nature then it may be an acid salt or salt of weak base and
strong acid. Inthiscaseit isbest to neutrali se the sol ution with sodium carbonate beforetesting it for
anions.
Gases evolved in the preliminary tests with dil. H,SO,/dil. HCI and conc. H,SO, also give good
indication about the presence of acid radicals (See Tables 1 and 3). Preliminary testsshould always
be performed before starting the confirmatory tests for the ions.
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EXPERIMENT 1.1

Aim

To detect one cation and one anion in the given salt from the following ions:

Cations - Pb**, Cu?*, As™, AI¥, Fe**, Mn*, Ni#*, Zr?*, Co*, Ca*, Sr**, Ba?*, Mg* ,NH,*
Anions - CO,~, §*, SO,>, NO,~, NO,, CI', Br, I, PO,*, CH,COO".

(Insoluble salts to be excluded)

Theory

Two basic principles of great usein the anaysis are:

(i) the Solubility product

(it) the Common ion effect.

When ionic product of asdt exceedsits solubility product, precipitation takes place. lonic product
of salt is controlled by making use of common ion effect.

Material Required

* Boiling tube . Asper need

* Test tubes . Asper requirement
» Measuring cylinder ; One

* Test tube stand : One

* Test tube holder : One

* Déelivery tube : One

» Corks . Asper need

* Filter paper . Asper need

» Reagents . Asper need

Step - | : Preliminary Test with Dilute Sulphuric Acid — Inthistest
the action of dilute sulphuric acid (procedureisgiven b ow) onthe

Boiling R
CARENIS

salt is noted at room temperature and on warming.

Carbonate (CO,*), sulphide (S*), sulphite (SO,*), nitrite (NO,")
and acetate (CH,COOQ") react with dilute sulphuric acid to evolve
different gases. Study of the characteristics of thegasesevolved gives
information about the anions. Summary of characteristic properties
of gasesisgivenin Table 1. Fig. 1.1 Testing a Gas
Procedure

(a) Take 0.1 g of the salt in atest tube and add 1-2 mL of dilute sulphuric acid. Observe the change,

if any, at room temperature. If no gasisevolved, warm the content of the test tube. If gasisevolved

test it by using the apparatus shown in Fig.1 and identify the gas evolved (See Table 1).
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Tablel: Preliminary test with dilute sulphuric acid

4 . Inference R
Observations - -
Gas Evolved Possible Anion
A colourless, odourless gas is evolved with 2
brisk effervescence, which turns lime water CO, Carbonate (CO3 )
milky.
Colourless gas with the smell of rotten eggs _ ”
is evolved which turns lead acetate paper H,S Sulphide (S™)

black.

Colourless gas with a pungent smell, like ) .
burning sulphur which turns acidified SO, Sulphite (SO3 )
potassium dichromate solution green.

Brown fumes which turn acidified potassium

iodide solution containing starch solution NO, Nitrite (NO,)
blue.
Colourless vapours with smell of vinegar. CH,COOH

Acetate, (CH,CO0)
vapours )

kVapours turn blue litmus red.

Confirmatory testsfor CO? , S, SO?, NO, and CH,COO

Confirmatory (wet) tests for anions are performed by using water extract when salt is soluble
in water and by using sodium carbonate extract when salt is insoluble in water. Confirmation
of coj‘ is done by using agueous solution of the salt or by using solid salt as such because sodium
carbonate extract containscarbonateions. Water extract ismade by dissolving sdtinwater. Preparation
of sodium carbonate extract is given below.

Preparation of sodium carbonate extract

Take 1 g of salt in a porcelain dish or boiling tube. Mix about 3 g of solid sodium carbonate
and add 15 mL of distilled water toit. Stir and boil the content for about 10 minutes. Cooal, filter
and collect the filtrate in a test tube and label it as sodium carbonate extract.

Confirmatory testsfor acid radicals, which react with dilute sulphuric acid are given in Table 2.




JEE-Chemistry

ALLEN .

Table2: Confirmatory testsfor CO. ", $*, SO2',NO, CH,COO™

(

Anion

Confirmatory Test

\

Carbonate (CO3)

Take 0.1 g of salt in a test tube, add dilute sulphuric acid.
CO, gas is evolved with brisk effervescence which turns lime

water milky. On passing the gas for some more time, milkiness
disappears.

Sulphide (S*)

Take 1 mL of water extract and make it alkaline by adding
ammonium hydroxide or sodium carbonate extract. Add a drop of
sodium nitroprusside solution. Purple or violet colouration appears.

Sulphite (SO3)

(a)

(b)

Take 1 mL of water extract or sodium carbonate extract in a
test tube and add barium chloride solution. A white precipitate
is formed which dissolves in dilute hydrochloric acid and
sulphur dioxide gas is also evolved

Take the precipitate of step (a) in a test tube and add a few
drops of potassium permanganate solution acidified with dil.
H,SO,. Colour of potassium permanganate solution gets

discharged.

Nitrite (NO;)

(a)

(b)

Take 1 mL of water extract in a test tube. Add a few drops of
potassium iodide solution and a few drops of starch solution,
acidify with acetic acid. Blue colour appears.

Acidify 1 mL of water extract with acetic acid. Add 2-3 drops
of sulphanilic acid solution followed by 2-3 drops of
1-naphthylamine reagent. Appearance of red colour indicates
the presence of nitrite ion.

\

Acetate, (CH,COO )

(@)

(b)

Take 0.1 g of salt in a china dish. Add 1 mL of ethanol and

0.2 mL conc. H,SO, and heat. Fruity odour confirms the
presence of acetate ion.

Take 0.1 g of salt in a test tube, add 1-2 mL distilled water,
shake well filter if necessary. Add 1 to 2 mL neutral ferric
chloride solution to the filtrate. Deep red colour appears which

disappears on boiling and a brown-red precipitate is formed. )

Chemistry of Confirmatory Tedts
1. Test for Carbonateion [CO,*]

If thereis effervescence with the evol ution of acolourless and odourlessgas on adding dil. H,SO, tothe

solid salt, thisindicatesthe presence of carbonateion.

The gas turns lime water milky due to the formation of CaCO,
Na,CO, + H,SO, — Na,SO, + H,0 +CO,
Ca(OH), + CO, — CaCO, + H,O
If CO, gasis passed in excessthrough lime water, the milkiness disappears due to the formation of
calcium hydrogen carbonate which is soluble in water.
CaCO, + CO, + H,O —— Ca(HCO,),

2. Test for Sulphideion [S*]

(@ Withwarm dilute H,SO, asul phide gives hydrogen sulphide gaswhich smellslikerotten eggs. A piece

of filter paper dipped in lead acetate solution turnsblack on exposureto the gas due to theformation of

lead sulphidewhichisblack in colour.
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Na,S + H,SO, — Na,SO, + H_S
(CH,CO0),Pb + H,S — PbS + 2CH,COOH
Lead sulphide
Black precipitate
(b) If the salt issolublein water, take the solution of sdt in water make it alkaline with ammonium
hydroxide and add sodium nitroprusside solution. If it isinsoluble in water take sodium carbonate
extract and add afew dropsof sodium nitroprusside solution. Purple or violet colouration dueto the
formation of complex compound Na,[ Fe(CN) _NOS] confirmsthe presence of sulphideioninthe salt.
Na,S + Na, [Fe(CN).NO] — Na, [Fe(CN)_,NOS]
Sodium nitroprusside Complex of Purple colour

Test for Sulphiteion [SO,*]
(a) Ontreating sulphitewithwarm dil. H,SO,, SO, gasisevolved whichissuffocating with the smell of
burning sulphur.
Na,SO, + H,SO, — Na,SO, + H,O + SO,
The gas turns potassium dichromate paper acidified with dil. H,SO,, green.
K,Cr,0, + H,S0, + 380, — K,SO, + Cr(SO,), + H,O
Chromium
sulphate (green)
(b) Anagueous solution or sodium carbonate extract of the salt producesawhite preci pitate of barium
sulphite on addition of barium chloride solution.
Na,SO, + BaCl, — 2NaCl + BaSO,
White ppt.
This precipitate givesfollowing tests.
() Thisprecipitate on treatment with dilute HCI, dissolves due to decomposition of sulphite
by dilute HCI. Evolved SO, gas can be tested.
BaSO, + 2HCl —— BaCl, + H,O + SO,

(i) Precipitate of sulphite decolourisesacidified potassium permanganate solution.
BaSO, + H,SO, — BaSO, + H,O + SO,
2KMnO, + 3H,S0, — K,SO, + 2MnSO, + 3H,0 + 5 [O]
SO, + H,O +[0] — H,SO,

Test for Nitriteion [NO,]
(8 Ontreating asolid nitritewith dil. H,SO, and warming, reddish brown fumes of NO, gasare evol ved.
Addition of potassum iodide solution to the salt solution followed by freshly prepared starch solutionand
acidification with acetic acid producesblue colour. Alternatively, afilter paper moistened with potassium
iodide and starch solution and afew drops of acetic acid turns blue on exposure to the gas, dueto the
interaction of liberated iodinewith starch.
(i) 2NaNO, + H,SO, — Na,SO, + 2HNO,
3HNO, —— HNO, + 2NO + H,O (disproportionation)
2NO + O, — 2NO,
Brown gas
(i) NO,” + CH,COOH —— HNO, + CH,COO"
2HNO, + 2KI + 2CH,COOH —— 2CH,COOK + 2H,0 + 2NO + I,
|, + Starch —— Blue complex

Salt Analysis
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(b) Sulphanilicacid — 1-naphthylaminereagent test (Griess-llosvay test) : Onadding sulphanilic
acid and 1-naphthylamine reagent to the water extract or acidified with acetic acid, sulphanilic acid
isdiazotised in the reaction by nitrous acid formed. Diazotised acid couples with 1-naphthylamine
to form ared azo-dye.

NO,” + CH,COOH — HNO, + CH,COO~

NH .CH,COO N =N-OOCCH,

+HNO, —> © + 2H,0

SO;H
(Sulphanilic acid
solution)
N =N-OOCCH,
© ” — SHO S@N N NH, + CH,COOH
SO;H
Dlazotlsed 1- Naphthyl Red azo-dye
acid amine

Thetest solution should be very dilute. I n concentrated solutionsreaction doesnot proceed beyond
diazotisation.

5. Test for Acetateion [CH,COO]
(a) If thesalt smellslikevinegar ontreatment with dil. H,SO,, thisindicatesthe presence of acetateions,
Teke0.1gof sdtinachinadishand add 1 mL of ethanol. Then add about 0.2 mL of conc. H,SO, and
heat. Fruity odour of ethyl acetate indicatesthe presence of CH,COO~ion.
2CH,COONa + H,SO, — Na,SO, + 2CH,COOH
CH,COOH + CH.OH — CH,COOCH, + H,O
Ethylacetate
(Fruity odour)
(b) Acetategivesdeep red colour on reaction with neutral ferric chloride solution dueto the formation
of complex ion which decomposes on heating to give Iron (l11) dihydroxyacetate as brown red
precipitate.
6CH,COO™ + 3Fe** + 2H,0 —— [Fe,(OH),(CH,COO0)]* + 2H*
[Fe,(OH),(CH,CO0)J* + 4H,0 —— 3[Fe(OH),(CH,COO)] + 3CH,COOH + H*
Iron(I11)dihydroxyacetate
(Brown-red precipitate)
Step-11 : Preliminary Test with Concentrated Sulphuric Acid If no positive result is obtained from
dil. H,SO, test, take 0.1 g of sdlt in atest tube and 3-4 drops of conc. H,SO,. Observe the change
in the reaction mixturein cold and then warm it. I dentify the gas evolved on heating (see Table 3).
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Table 3: Preliminary examination with concentrated sulphuric acid

’

Observations

Inference

\

Gas/Vapours Evolved

Possible Anion

A colourless gas with pungent smell, which
gives dense white fumes when a rod dipped
in ammonium hydroxide is brought near the
mouth of the test tube.

HCI

Chloride, (CI')

Reddish brown gas with a pungent odour is
evolved. Intensity of reddish gas increases
on heating the reaction mixture after
addition of solid MnO,, to the reaction

mixture. Solution also acquires red colour.

Br, vapours

Bromide, (Br )

Violet vapours, which turn starch paper blue
and a layer of violet sublimate is formed on
the sides of the tube. Fumes become dense
on adding MnO,, to the reaction mixture.

I, vapours

lodide, (1)

Brown fumes evolve which become dense
upon heating the reaction mixture after
addition of copper turnings and the
solution acquires blue colour.

NO,

Nitrate, (NO;)

Colourless, odourless gas is evolved
which turns lime water milky and the
gas coming out of lime water burns with

\a blue flame, if ignited.

COand CO,

Oxalate, (C,0,”)

J




I JEE-Chemistry

ALLEN .

Table4: Confirmatory testsfor Cl-, Br-, I-, NO , and czoj‘

/ Anion

Confirmatory Test \

Chloride (CI")

(@)

(b)

(©)

Take 0.1 g of salt in a test tube, add a pinch of manganese dioxide
and 3-4 drops of conc. sulphuric acid. Heat the reaction mixture.
Greenish yellow chlorine gas is evolved which is detected by

its pungent odour and bleaching action.

Take 1 mL of sodium carbonate extract in a test tube, acidify it
with dil. HNO, or take water extract and add silver nitrate solution.
A curdy white precipitate is obtained which is soluble in
ammonium hydroxide solution.

Take 0.1 g salt and a pinch of solid potassium dichromate in a test
tube, add conc. H,SO,, heat and pass the gas evolved through
sodium hydroxide solution. It becomes yellow. Divide the solution
into two parts. Acidify one part with acetic acid and add lead
acetate solution. A yellow precipitate is formed. Acidify the second
part with dilute sulphuric acid and add 1 mL of amyl alcohol
followed by 1 mL of 10% hydrogen peroxide. After gentle shaking
the organic layer turns blue.

Bromide (Br)

(@)
(b)

(©)

Take 0.1 g of salt and a pinch of MnQ, in a test tube. Add 3-4 drops

conc.sulphuric acid and heat. Intense brown fumes are evolved.
Neutralise 1 mL of sodium carbonate extract with hydrochloric acid
(or take the water extract). Add 1 mL carbon tetrachloride (CCl,)/

chloroform (CHCI;)/ carbon disulphide. Now add an excess of
chlorine water dropwise and shake the test tube. A brown colouration
in the organic layer confirms the presence of bromide ion.

Acidify 1 mL of sodium carbonate extract with dil. HNO4

(or take 1 mL water extract) and add silver nitrate solution. A pale

yellow precipitate soluble with difficulty in ammonium hydroxide
solution is obtained.

lodide (1)

(@)

(b)

Take 1 mL of salt solution neutralised with HCI and add 1 mL
chloroform/carbon tetrachloride/carbon disulphide. Now add an
excess of chlorine water drop wise and shake the test tube. A violet
colour appears in the organic layer.

Take 1 mL of sodium carbonate extract acidify it with dil. HNO,

(or take water extract). Add, silver nitrate solution. A yellow

precipitate insoluble in NH,OH solution is obtained. /

Anion

] I
Confirmatory Test

*Nitrate (NO; )

Take 1 mL of salt solution in water in a test tube. Add 2 mL of conc. H,SO,

and mix thoroughly. Cool the mixture under the tap. Add freshly prepared
ferrous sulphate along the sides of the test tube without shaking. A dark
brown ring is formed at the junction of the two solutions.

Oxalate (C,0,”)

(@) Take 1 mL of water extract or sodium carbonate extract acidified
with acetic acid and add calcium chloride solution. A white
precipitate insoluble in ammonium oxalate and oxalic acid solution
but soluble in dilute hydrochloric acid and dilute nitric acid is formed.

(b)

Take the precipitate from test (a) and dissolve it in dilute H,SO,. Add
very dilute solution of KMnO, and warm. Colour of KMnO, solution

is discharged. Pass the gas coming out through lime water. The lime
water turns milky.
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Chemistry of Confirmatory Tests
Test for Chloride ion [ClT]
(@ If ontreatment with warm conc. H,SO, the salt gives acol ourl essgaswith pungent smell or if thegas
which gives densewhite fumeswith ammoniasolution, then the salt may contain Cl~ionsand thefollowing
reaction occurs.
NaCl + H,SO, — NaHSO, + HCI
Sodium Hydrogen chloride
hydrogen sulphate  Colourless gas
HCl + NH, — NH,CI
Ammonium chloride
White fumes
(b) If asdlt gives effervescence on heating with conc. H,SO, and MnO, and alight greenish yellow
pungent gasis evolved, this indicates the presence of Cl-ions.
MnQO, + 2NaCl + 2H,S0, — Na,SO, + MnSO, + 2H,0 + Cl,

(c) Sdt solution acidified with dilute HNO, on addition of silver nitrate solution givesacurdy white
precipitate soluble in ammonium hydroxide solution. Thisindicates the presence of Cl~ionsin the
st
NaCl + AgNO, —— NaNO, + AgCl
Silver chloride
(White precipitate)

AgCl + 2NH,OH — [Ag(NH,),]CI + 2H,0
Diammine silver (I)
chloride
(d) Mix alittle amount of salt and an equal amount of solid potassium dichromate (K,,Cr,O.) inatest
tubeand add conc. H,SO, toit. Heat the test tube and passthe evol ved gasthrough sodium hydroxide
solution. If ayellow solution isobtained, divide the solution into two parts. Acidify thefirst part with
acetic acid and then add |ead acetate solution. Formation of ayellow precipitate of lead chromate
confirms the presence of chlorideionsin the salt. Thistest is called chromyl chloride test.
4NaCl + K Cr,0O, + 6H,S0, — 2KHSO, + 2CrO,Cl, + 4NaHSO, + 3H,0
(Chromyl
chloride)
CrOCl, + 4ANaOH —— Na,CrO, + 2NaCl + 2H,0

(CH,COO),Pb + NalrO, —— PbCrO, + 2CH,COONa
Sodium Lead chromate
chromate (Yellow precipitate)
Acidify the second part with dilute sulphuric acid and add small amounts of amyl acohol and then
1 mL of 10% hydrogen peroxide solution. On gentle shaking organic layer turns blue. CrO,* ion
formed in thereaction of chromyl chloride with sodium hydroxide reacts with hydrogen peroxideto
form chromium pentoxide (CrO,) (Seestructure) which dissolvesin amyl acohol to giveblue colour.

O O Structure of
CrO> +2H* +2H,0, —» CrO, +3H,0 /Cr\:o chromium pentoxide

O
Chromium ¢

pentoxide




Test for Bromideion (Br-)
If on heating thesalt with conc. H, SO, reddish brown fumes of bromine areevolved in excess, thisindicates
the presence of Br-ions. Thefumesget intensfied on addition of MnQO,,. Brominevapoursturn starch paper
ydlow.

2NaBr + 2H,S0, — Br, + SO, + Na,SO, + 2H,0

2NaBr + MnO, + 2H,50, — Na,SO, + MnSO, + 2H,0 + Br,
(@) Add 1 mL of carbon tetrachloride (CCl,)/chloroform (CHCI,) and excess of freshly prepared
chlorinewater dropwiseto the salt solutionin water or sodium carbonate extract neutralised with dilute
HCI. Shake thetest tube vigorously. The appearance of an orange brown colouration in the organic
layer due to the dissolution of brominein it, confirms the presence of bromide ions.

2NaBr + Cl, — 2NaCl + Br,

(b) Acidify thesodium carbonate extract of thesalt with dil. HNO,. Add silver nitrate (AgNO,) solution
and shakethetest tube. A pae yellow precipitate isobtained which dissol vesin ammonium hydroxide
with difficulty.

NaBr + AgNO, — NaNO, + AgBr

Silver bromide
Pale yellow precipitate
Test for lodideion (1)
(@) If on heating the salt with conc. H,SO, , deep violet vapourswith apungent smell areevolved. These
turnsstarch paper blue and aviolet sublimateisformed on the Sdesof thetest tube, it indicatesthe presence
of I7ions. SomeHI, sulphur dioxide, hydrogen sulphide, and sulphur area soformed dueto thefollowing
reactions.
2Nal + 2H,S0,——>Na,SO, + SO, + 2H,O0 + 1,
|, + Starch—— Blue colour
solution

Nal + H,S0,—»NaHSO, + HI
2HI + H,S0,—>2H,0 + |, + SO,
6Nal + 4H,S0,—>3I, + 4H,0 + S + 3Na,SO,

8Nal + 5H,50, —4l, + H,S + 4Na,SO, + 4H,0
On adding MnO, to the reaction mixture, the violet vapours become dense.

2Nal + MnO,, + 2H,SO,—— 1, + MnSO, + Na,SO, + 2H,0
(b) Add 1 mL of CHCI,, or CCl, and chlorinewater in excessto the salt solution in water or sodium
carbonate extract neutralised with dil.HCI and shake the test tube vigorously. Presence of violet
colouration in the organic layer confirms the presence of iodide ions.

2Nal + Cl, — 2NaCl + 1,
lodine dissolvesin the organic solvent and the solution becomes violet.

(c) Acidify sodium carbonate extract of the salt with dil. HNO, and add AgNO, solution. Appearance

of ayellow precipitate insoluble in excess of NH,OH confirms the presence of iodide ions.
Nal + AgNO,—— Agl + NaNO,
silver iodide
(Yellow precipitate)

EE-Ch t
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(a) If on heating the sat with conc. H,SO, light brown fumesare evolved then heat asmall quantity of
the given salt with few copper turningsor chipsand conc. H,SO,. Evolution of excess of brown fumes
indicatesthe presence of nitrate ions. The solution turnsblue due to the formation of copper sulphate.

NaNO, + H,SO, —— NaHSO, + HNO,

4HNO,——4NO, + O, + 2H,0

2NaNQ, + 4H,SO, + 3Cu—— 3CuS0O, + Na,SO, + 4H,0 + 2NO

Copper sulphate
(Blue)
2NO + O, —> 2NO,
(Brown fumes)

(b) Take1 mL of an agueous solution of thesalt and add 2 mL conc. H,SO, dowly. Mix the solutions
thoroughly and cool the test tube under the tap. Now, add freshly prepared ferrous sul phate solution
along the sidesof thetest tubedropwise so that it formsalayer onthetop of theliquid already present
inthetest tube. A dark brownringisformed at the junction of the two solutions dueto the formation
of nitroso ferroussulphate (Fig. 1.2). Alternatively first ferrous sulphateis added and then concentrated
sulphuric acid is added.

Fig. 1.2 : Formation of brown ring

NaNO, + H,SO,——> NaHSO, + HNO,
6FeSO, + 3H,S0, + 2ZHNO,—— 3Fe,(SO,), + 4H,0 + 2NO
FeSO, + NO — [Fe(NO)]SO,
Nitroso ferrous sulphate
(Brown)
Test for Oxalateion [C,0,7]
If carbon dioxide gasalong with carbon monoxide gasisevolved in the preliminary examination with
concentrated sulphuric acid, this gives indication about the presence of oxalateion.
Na,C,0, + Conc.H,SO,—>Na,SO, + HO + CO, T +CO T
Oxalate is confirmed by the following tests:
(a) Acidify sodium carbonate extract with acetic acid and add calcium chloride solution. A white
precipitate of calcium oxaate, insolublein ammonium oxalate and oxalic acid solution indicatesthe
presence of oxalate ion.
CaCl, + Na,C,0, — CaC,0, + 2NaCl
Calcium oxalate
(White precipitate)
(b) KMnO, test

Salt Analysis
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Pink colour of KMnO, is discharged:
CaC,0, + H,SO,—— CaS0O, + H,C,0,

Calcium sulphate Oxalic acid

2KMnO, + 3H,S0, + 5H,C,0,—2MnSO, + K,SO, + 8H,0 + 10CO,

Passthe gas evolved through lime water. A white precipitate isformed which dissolves on passing

27274

the gas for some more time.
Step-111 : Test for Sulphate and Phosphate

If no positivetestis obtained in Steps-I and 11, then testsfor the presence of sulphate and phosphate

ions are performed. These tests are summarised in Table 5.
Table5: Confirmatory testsfor Sulphate and Phosphate

-
lon

\
Confirmatory Test

Sulphate (SO.)

(@) Take 1 mL water extract of the salt in water or sodium carbonate and

after acidifying with dilute hydrochloric acid add BaCl, solution.
White precipitate insoluble in conc. HCI or conc. HNOj; is obtained.

(b) Acidify the aqueous solution or sodium carbonate extract with acetic

acid and add lead acetate solution. Appearance of white precipitate
confirms the presence of 8042_ ion.

-

Phosphate (PO

(@)

Acidify sodium carbonate extract or the solution of the salt in water
with conc. HNO4 and add ammonium molybdate solution and heat

to boiling. A canary yellow precipitate is formed. )

1. Test of Sulphateions[SO,*]

(a) Aqueoussolution or sodium carbonateextract of the salt acidified with acetic acid on addition of barium

chloridegivesawhite precipitate of barium sulphateinsolublein conc. HCI or conc. HNO.,.
Na,SO, + BaCl,——»BaSO, + 2NaCl

(b) Sulphate ionsgive white precipitate of lead sul phate when agueous sol ution or sodium carbonate

Barium sulphate
(White precipitate)

extract neutralised with acetic acid is treated with |ead acetate solution.
Na,SO, + (CH3COO)2Pb — PbSO , + 2CH,COONa

Lead sulphate
(White precipitate)

2. Test for Phosphateion [PO,*]

(@) Add conc. HNO, and ammonium mol ybdate solution to the test sol ution containing phosphateions :
and bail. A ydlow colouration in solution or acanary yelow precipitate of ammonium-phosphomolybdate,
(NH,),[P(M0,O,),] isformed. Each oxygen of phosphate has been replaced by Mo,O, , group.

Na,HPO,+12(NH,), MoO, + 23HNO, — (NH,),[P(M0,0,,),] + 2NaNO, + 2INH NO, + 12H.0

Canary ydlow
precipitate
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(A)

HEATING DEVICES

Heating during the [aboratory work can be done with thehelp of agasburner, spirit lamp or akerosene
lamp. Thegasburner used in thelaboratory isusually Bunsen burner . Various partsof Bunsen burner
are shown in Fig. The description of these partsis asfollows:

Parts of Bunsen Burner
The Base

Heavy metallic baseisconnected to aside tube called gastube. Gasfrom the source entersthe burner
through the gastube and passesthrough asmall hole called Nipple or Nozzle and entersinto the burner
tube under increased pressure and can be burnt at the upper end of the burner tube.

The Burner Tube

Itisalong metdllic tube having two holesdiametrically oppositeto each other near thelower end which
formtheair vent. The tube can be screwed at the base. The gascoming from the nozzle mixeswith the
air coming throughtheair vent and burnsat itsupper end.

The Air Regulator

Itisashort metdlic cylindricd deevewith two holesdiametrically oppositeto each other. Whenit isfitted
to the burner tube, it surroundstheair vent of the burner tube. To control theflow of air throughthear
vent, szeof itsholeisadjusted by rotating the sleeve.

T g

. | Burner tube Burner tube _ §

b ]

i i Air holes g
Alr regulator | Air requlator Air sucked i
) P } ir sucked in
Air vent __ Nipple —_ ' o - through vent

= : = Gas

Base

Fig. Bunsen burner Fig. Parts of Bunsen barner

If theair vent isclosed and the gasisignited, theflamewill belarge and luminous (smoky and yellow in
colour). Thelight emitted by theflameisduetotheradiationsgiven off by thehot carbon particlesof partidly
burnt fuel. Thetemperature of theflameinthisstuationislow. If adjustment of deeve on ventissuchthat
gasmixedwith air isfedinto theflame, theflame becomeslessluminousand findly turnsblue. Whenthe
flow of ariscorrectly adjusted, thetemperature of theflamebecomesquitehigh. Thisiscaled non-luminous
flame. Various zonesof flameare shown below in Fig.

Salt Analysis



EE-Chemist
T JEE-Chemistry ALLEN .

Middle blue cone

Threedistinctly visible parts of the Bunsen flame are described bel ow :

-\ Upper oxidising zone (f)
Non-luminous purplislﬂ
mantle combustion of gas | .
is most complete. .

Upper reducing zone (e) _

“~s+—=—++|— Hottest portion of flame (d)

Middle blue cone. Not as hot as D it abote the Bl vors

outer cone because msu_ﬂ?cient
oxygen is mixed with the gas. __
This can take oxygen away |

Jrom the oxides and is called a

n—Lower oxidising zone (¢
reducing flame. e “

Inner dark cone Lower reducing zone (b) | gg I:S;OHZE - lfm;l}?taa ﬂamz
Lowest temperature zone (a)—% ' of unburnt gas and air
c Lcoming from the barrel.

(B)

@)

(if)

(iii)

Fig. 1.13 : Zones of flame of Bunsen burner

PRINCIPAL PARTS OF BUNSEN FLAME

The Inner Dark Cone, A EC

Thisisinnermost dark cone, whichisjust abovetheburner tube. It cons sts of unburnt gases. Thiszone
isthe coldest zone of the flame and no combustion takes place here.

The Middle BlueCone, ADCEA

Thisismiddlepart of theflame. Thisbecomesluminouswhentheair vent isdightly closed. Luminosity
of this part is due to the presence of unburnt carbon particles produced by decomposition of some
gas. These particles get heated up to incandescence and glow but do not burn. Since the combustion
isnot complete in this part, the temperature is not very high.

The Outer Non-luminous Mantlee ABCD A

Thisispurplish outer cone. Itisthe hottest part of the flame. It isin direct contact with theatmosphere
and combustion is quite complete in this zone.

Bunsen identified six different regionsin these three principal partsof the flame:

The upper oxidisng zone (f)

Itslocationisin thenon-luminoustip of theflamewhichisin theair. In comparison toinner portions of
theflamelarge excessof oxygenispresent here. Thetemperatureisnot ashigh asin region (c) described
bdow. It may be used for all oxidation processesin which highest temperature of theflameisnot required.
Upper reducing zone (e)

Thiszoneisat thetip of theinner blue coneand isrichinincandescent carbon. It isespecialy useful for

reducing oxideincrustationsto the metals.
Hottest portion of flame (d)

Itisthefusion zone. It liesat about one-third of the height of the flame and is gpproximately equidistant

frominsde and outside of the mantlei.e. the outermost cone of the flame. Fusibility of the substance
can betested inthisregion. It can also be employed for testing relative volatility of substancesor a
mixture of substances.
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. ALLEN Salt Analysis

(iv) Lower oxidising zone (c)
Itislocated on the outer border of the mantle near the lower part of theflame and may be used for the
oxidation of substances dissolved in beadsof borax or sodium carbonate etc.

(v) Lower reducing zone (b)
It isgtuated intheinner edge of the outer mantlenear to the blue cone and herereducing gases mix with
the oxygen of theair. Itisaless powerful reducing zonethan (€) and may be employed for the reduction
of fused borax and Smilar beads.

(V) Lowest temperature zone (a)
Zone(a) of theflamehaslowest temperature. Itisusedfor testing vol atile substancesto determinewhether
they impart colour to theflame.

(C) STRIKING BACK OF THE BUNSEN BURNER

Striking back isthe phenomenon in which flametravel sdown the burner tube and beginsto burn at the
nozzlenear the base. Thishappenswhen ventsarefully open.Theflow of much air and lessgasmakes
theflamebecomeirregular and it strikes back.

Thetube becomesvery hot and it may produce burnson touching. Thismay melt attached rubber tube
aso. If it happens, put off theburner and cool it under thetap and light it again by keepingtheair vent
partially opened.

SPIRIT LAMP

If Bunsen burner isnot avail ablein thelaboratory then spirit lamp can beused for heating. Itisadevise
in which one end of awick of cotton thread is dipped in a spirit container and the other end of the
wick protrudes out of the nozzle at upper end of the container. Spirit rises upto the upper end of the
wick dueto the capillary action and can be burnt. The flame is non luminous hence can be used for
al heating purposesin the laboratory. To put off the lamp, burning wick is covered with the cover.
Never try to put off the lighted burner by blowing at the flame.

Fig. 1.14 : The spirit lamp

KEROSENE HEATING LAMP

A kerosene lamp has been developed by National Council of Educational Research and Training
(NCERT), which isaversatile and cheaper substitute of spirit lamp. It may be used in laboratories
asasourceof heat whereever spirit and gasburner arenot available. Partsof kerosenelamp are shown
inFig.

¢+
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Working of the Kerosene Lamp

Morethan haf of the container isfilled with kerosene. Outer deeveisremoved for lighting thewicks. As
the outer deeveisplaced back in position, the flamesof four wicks combineto form abig soot-free blue
flame

The lighted heating lamp can be put off only by covering the top of the outer sleeve with a metal
or asbestos sheet.

e /T\U .
: it o
: o olezged oo
- __—Cap for inner sleeve o 2a2ald 3o
— Inner sleeve 1 Sy
— Quter sleeve — - Wick holder
y _——Sleeve holding base
Cn ——Spacer “‘j::-‘-’_WiCkS

) Insulator
" Lid of kerosene container

__—Kerosene container

Fig. 1.15 : Parts of Kerosene Heating Lamp

SYSTEMATIC ANALYSIS OF CATIONS
The tests for cations may be carried out according to the following scheme.
Step - | : Preliminary Examination of the Salt for Identification of Cation
Colour Test
Obsarvethecolour of the sdt carefully, which may provideuseful information about the cations. Table 6
givesthe characterigtic colours of the saltsof somecations.
Table 6 Characterigtic colours of the some metal ions

( lon Confirmatory Test )
Light green Fe''
Yellowis Brown Fe’"
Blue cu”
Bright green N
Blue, Red Violet, Pink co’’
L Light pink Mn”" J

Dry Heating Test

(i) Take about 0.1 g of the dry salt in aclean and dry test tube.

(ii) Heat the above test tube for about one minute and observe the colour of the residue when it is
hot and also when it becomes cold. Observation of changes givesindications about the presence of
cations, which may not be taken as conclusive evidence (see Table 7).
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Table 7 : Inferences from the colour of the salt in cold and on heating

( Colour when cold Colour when hot Inference )
Blue White cu”’
Green Dirty white or yellow Fe”"
White Yellow zZn”
Pink Blue Co”

3. Flame T&st\ i

0]
(i)

(i)
(v)

v)
\D)

The chloridesof several metalsimpart characteristic colour to the flame becausethey arevolatilein
non-luminousflame. Thistest isperformedwith the help of aplatinumwireasfollows:

Makeatiny loop at one end of aplatinum wire.

To clean the loop dip it into concentrated hydrochloric acid and hold it in a non-luminous flame
(Fig. 1.3).

Repeat gep (ii) until thewireimparts no colour to the flame.

Put 2-3 dropsof concentrated hydrochloric acid on aclean watch glassand make apaste of asmall quantity
of thesdltinit.

Dip thecleanloop of the plainumwireinthis paste andintroducetheloop inthe non-luminous (oxidising)
flame(Fig. 1.3).

Observethecolour of theflamefirg with the naked eye and then through ablue glassand i dentify the metal
ionwith the help of Table8.

e re—

) . o, ‘%

o)

m——

(e}

(e}

Fig. 1.3 : Performing flame test

Table 8 : Inference from the flame test

r N
Colour fo the flame Colour of the flame Inference
observed by naked eye |observed through blue glass
Green flame with Same colour as observed cu”’
blue centre without glass .
Crimson red Purple Sr
2+
Apple green Bluish green Ba
- 2+
Brick red Green Ca
- g




Borax Bead Test

Thistestisemployed only for coloured saltsbecause borax reects

with metd sdtsto form metal boratesor metds, which '

have characteristic colours.

(i) To perform thistest make aloop at the end of the platinum ] \B/
wire and heat it in aflametill it isred hot. h inl G ()

(ii) Dipthehot loop into borax powder and heat it again until
borax formsacolourlesstransparent bead ontheloop. Before i 3. Bora BEAEEsE

dipping theborax bead inthetest salt or mixture, confirm that (a) Heating in reducing
the bead is transparent and colourless. If it is coloured this flame (b) Heating in
meansthat, the platinum wireisnot clean. Then makeafresh oxidising flame

bead after cleaning the wire.
(iii) Dip the bead in asmall quantity of the dry sat and again hold it in the flame.
(iv) Observe the colour imparted to the bead in the non - luminous flame aswell asin the luminous
flame while it is hot and when it is cold (Fig. 1.4).
(v) Toremovethebead from the platinum wire, heat it to rednessand tap the platinum wire with your
finger. (Fig.1.5).
On heating, borax losesits water of crystallisation and decomposes to give sodium metaborate and
boric anhydride.

NaB,0, .10H,0——NaB,O, + 10H,0

Borax

NaB,0O, —> 2NaBO, + B,0,

Sodium metaborate  Boric anhydride

On treatment with metal salt, boric anhydride forms metaborate of the metal which gives different
coloursinoxidising and reducing flame. For example, inthe case of copper sulphate, following reactions
occur. .

CUSO4 + 8203 Non-lumin ousflame N CU(BOz)z + 803

Cupric metaborate
Blue-green

Two reactions may take place in the reducing flame:

(i) The blue Cu(BO,), is reduced to colourless cuprous metaborate as follows:

2Cu(BO,), + 2NaBO, + C —Lumnastiare_, 20O, + Na,B,0, + CO

or (ii) Cupric metaborate may be reducedto metallic copper and the bead appearsred and opagque.

2Cu(BO,), + 4ANaBO, + 2C —Lumnawtare_, 50y + 2NaB,0, + 2CO

The preliminary identification of metal ion can be made from Table 9.

Borax
bead

Fig. 1.5 : Removing borax bead

EE-Ch t
_J Chemistry ALLEN .
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Salt Analysi
Table 9 : Inference from the borax bead test
( Heating in oxidising Heating in reducing h
(non-luminous) flame (luminous) flame
Colour of the salt bead Colour of the salt bead Inference
In cold In hot In cold In hot
Blue Gren Red opaque | Colourless cu”
Reddish brown Violet Grey Grey Ni”*
Light violet Light violet Colourless | Colourless Mn®’
Yellow Yellowish brown Green Green Fe™"
J

Charcoal Cavity Test

Metallic carbonate when heated in acharcod cavity decomposesto give corresponding oxide. Theoxide
appearsasacoloured residue in the cavity. Sometimes oxide may bereduced to metal by the carbon of
the charcod cavity.

The test may be performed as follows:

(i) Makeasmall cavity in acharcoal block with the help of a charcoal borer [Fig.1.6 (a)].

(i) Fill the cavity with about 0.2 g of the salt and about 0.5 g of anhydrous sodium carbonate.

fa)
Fig. 1.6 : (@) Making charcoal cavity (b) Heating salt in the cavity

(i) Moistenthesdtinthecavity with oneor two dropsof water, otherwisesat/mixturewill blow away.
(iv) Useablowpipeto heat the salt in aluminous (reducing) flame and observe the colour of oxide/
metallic bead formed in the cavity both when hot and cold[ Fig. (1.6 b)]. Obtain oxidising and reducing
flame as shown in Fig. 1.7 aand b.

(v) Always bore afresh cavity for testing the new salt.

Fig. 1.7 : Obtaining oxidising and reducing flame
(a) Oxidising flame; and (b) Reducing flame
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When test isperformed with CuSO,, thefollowing change occurs.

Heat
CuSO, +Na,CO, — > CuCO, +Na,SO,
CuCO, —=— CuO + CO,

Cu0 +C —=> Cu+ CO
Red colour

In case of ZnSO4:

Heat
ZnSO4 +NaZCO3 —_— ZnCO3 +NaZSO4

ZnCO, —=— ZnO + CO,
Yellow when hot,
White when cold
Themetal ion can beinferred from Table 10.

Table 10 : Inference from the charcoal cavity test

~

N

Observations Inference
Yellow residue when hot and grey metal when cold Pb**
White residue with the odour of garlic As’
Brown residue cd”
Yellow residue when hot and white when cold 7nt

6. Cobalt Nitrate Test

If theresidueinthe charcod cavity iswhite, cobalt nitratetest is performed.

() Treat theresiduewithtwo or three drops of cobalt nitrate solution.

(i) Heat it strongly in non-luminous flame with the help of ablow pipe and observe thecol our of the

residue.

On heeting, cobalt nitrate decomposesinto cobdt (11) oxide, which givesacharacteristic colour with metal

oxidepresentin the cavity.
Thus, with ZnO, Al,O, and MgO, thefollowing reactions occur.

2Co(NO,), ———> 2C00+ 4NO, + O,
CoO + ZnO—— Co00.ZnO
Green
CoO + MgO—— Co0O. MgO
Pink
CoO +AlL,O,—— Co0. ALLO

Blue

3

ALLEN .
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(1)

Step-11 : Wet Testsfor Identification of Cations

The cationsindicated by the preliminary testsgiven above are confirmed by systematic analysisgiven

below.

Thefirst essential step isto prepareaclear and transparent solution of the salt. Thisiscalled original

solution. It is prepared asfollows:

Preparation of Original Solution (O.S.)

To preparethe original solution, following steps arefollowed one after the other in asystematic order.

In case the salt does not dissolve in a particular solvent even on heating, try the next solvent.
Thefollowing solvents are tried:

1. Takealittleamount of the salt in aclean boiling tube and add afew mL of distilled water and
shakeit. If the salt doesnot dissolved, heat the content of the boiling tubetill the salt completely
dissolves.

2. Ifthesdtisinsolubleinwater asdetailed above, take fresh salt in aclean boiling tube and add
afew mL of dil.HCI to it. If the sdt isinsolublein cold, heat the boiling tube till the salt is
compl etely dissol ved.

3. If the salt does not dissolve either in water or in dilute HCI even on heating, try to dissolveit
in afew mL of conc. HCI by heating.

4. |If salt does not dissolve in conc. HCI, then dissolveit in dilute nitric acid.

5. If salt doesnot dissolve even in nitric acid then amixture of conc. HCl and conc. HNO, inthe
ratio 3: listried. Thismixtureiscalled aquaregia. A salt not solublein aguaregiaisconsidered
to be an insoluble salt.

Group Analysis

Analysis of Zero group cation (NH,* ion)

(@ Take0.1gof stinatest tubeandadd 1-2 mL of NaOH solutiontoit and hesat. If thereisaamel

of ammonia, thisindicatesthe presenceof ammoniumions. Bringaglassrod dipped in hydrochloric acid

near the mouth of thetest tube. Whitefumes are observed.

(b) Passthegasthrough Nessler’sreagent. Brown precipitate isobtained.

Chemistry of Confirmatory Testsfor NH,* ion
(@) Ammonia gas evolved by the action of sodium hydroxide on ammonium salts reacts with
hydrochloric acid to give ammonium chloride, which is visible as dense white fume.
(NH,,SO, + 2NaOH — Na,SO, + 2NH, + 2H,0
NH, + HCl — NH CI
On passing the gasthrough Nessler’ sreagent, abrown colouration or aprecipitate of basic mercury(l1)
amido-iodineisformed.
2K [Hal,] + NH, + 3KOH —— HgO.Hg(NH,)I + 7K1 + 2H,0
Basic mercury (11)
amido-iodine
(Brown precipitate)

Salt Analysis
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For theanayssof cationsbe ongingtogroups|-V1, thecationsare precipitated from the origina solution
by usng thegroup reagents (see Table 1.11) according to the scheme shown intheflow chart given beow:
The separation of all the six groupsisrepresented asbelow :

Flow Chart*

Original Solution
| dil. HCI

Precipitate, Group |
(Pb™) as chloride

v

If no precipitate is formed

v

Precipiate, Group Il

(Pb”", cu”, As™)
as sulphides

Pass H,S gas l
v

If no precipiate, take original solution

Heat original solution with conc.
HNO,, cool and add solid
NH,CI + NH,OH solution in excess

v

Precipiate, Group 11l
(Fe3+, AI3+) as hydroxides

\
If no precipitate
Pass H,S

!

Precipiate, Group IV

(Co”", Ni*", Mn”", zn™)
as sulphides

\4
If no precipiate, take original solution

Add NH,OH and
solid (NH,), CO,

l

Precipiate, Group V

(Ba2+, Sr2+, Ca2+)
as carbonates

\ 4
If no precipitate, take original

solution to test Group VI,
2+

Mg

Table 11 : Group reagentsfor precipitating ions

~
Group Cations* Group Reagent

Group zero NH4+ None

Group - | P Dilute HCI

Group - 11 sz+, Cu2+, A H,S gas in presence of dil. HCI

Group - 111 A Fe® NH,OH in presence of NH,CI

Group - IV C02+, Ni2+, Mn2+, 7n2* H,S in presence of NH,OH

Group - V Ba~" s ca” (NH,),CO, in presence of NH,OH

- 2 None

S Group - VI Mg )
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(1) Analysisof Group-I cations
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Takeasmall amount of origina solution (if preparedin hot conc. HCI) in atest tube and add cold water
toitand cool thetest tube under tap water. If awhite precipitate appears, thisindicates the presence of
Pb?* ionsin group—1. Onthe other hand, if the original solution isprepared in water and on addition of
dil. HCI, awhite precipitate appears, thismay aso be Pb?*. Confirmatory tests are described below in
Table12.

Table 12 : Confirmatory testsfor Group-I cation (Pb?*)

Experiment Observation

Dissolve the precipiate in hot water and divide the hot
solution into three parts,

1. Add potassium idoide solution to the first part. A yellow precipiate is obtained.
2. To the second part add potassium chromate A yellow precipitate is obtained which is
solution. soluble, in NaOH and insoluble in

ammonium acetate solution.

3. To the thrid part of the hot solution add few drops | A white precipitate is obtained which is
of alcohol and dilute sulphuric acid. soluble in ammonium acetate solution. D

N
Chemistry of the Confirmatory Tests of Pb?" ions
Lead is precipitated as lead chloride in the first group. The precipitate is soluble in hot water.
On adding potassiumiodide (K1) solution, ayellow precipitate of lead iodideis obtained which
confirmsthe presence of Pb?* ions.

PoCl, +2KI — Pbl, + 2KCl

(Hot solution) Yellow precipitate

Thisyellow precipitate (Pbl ) issolublein boiling water and reappears on cooling as shining crystals.
On addition of potassium chromate (K ,CrO,) solution ayellow precipitate of lead chromateis
obtained. Thisconfirmsthe presence of Pb?* ions.

PbCl, +K,CrO, — PbCrO, + 2KCI

(Hot solution) Lead chromate
(Yellow precipitate)

The yellow precipitate (PbCrO,) is soluble in hot NaOH solution.

PbCrO, + 4NaOH —— Na[Pb(OH),] + NaCrQ,

Sodium tetra
hydroxoplumbate (11)

A whiteprecipitate of lead sulphate (PbSO,) isformed on addition of alcohol followed by
dil. H,SO,.

PbCl, + H,SO, — PbSO, + 2HCI

Lead sulphate
(White precipitate)
L ead sul phateis soluble in ammonium acetate sol ution due to the formation of tetraacetatoplumbate(l1)
ions. This reaction may be promoted by addition of few drops of acetic acid.
PbSO, + 4CH,COONH,— (NH,),[Pb(CH,CO0),] + (NH,),SO,
Ammonium
tetraacetatoplumbate(l1)
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(1) Analysisof Group-lI cations

If group- isabsent, add excess of water tothe same test tube. Warm the solution and passH.,Sgasfor
1-2 minutes (Fig. 1.6). Shake the test tube. If a precipitate appears, this indicates the presence of
group-11 cations. Pass more H,S gasthrough the sol ution to ensure complete precipitation and separate

the precipitate. If the colour of the precipitateisblack, itindicatesthe presence of Cu?* or Pb?* ions.

If itisyellow incolour, then presence of As* ionsisindicated.

Fig. 1.8 : Kipp's apparatus for preparation of H,S gas

Takethe precipitateof group-11 in atest tube and add excess of yellow ammonium sul phide solution to
it. Shakethetest tube. If theprecipitateisinsoluble, group [1-A (copper group) ispresent. If the precipitate

issoluble, thisindicates the presence of group-I1 B (arsenic group).

Confirmatory testsfor thegroups!l A and 11 B aregivenin Table 13.
Table 13 : Confirmatory testsfor thegroups|l A and Il B cations

/Black precipitate of Group 11 A ions Pb*", Cu®" (insoluble If a yellow precipitate soluble in yellow\
in yellow ammonium sulphide) is formed. ammonium sulphide is formed then As™
ion is present.
Boil the precipitate of Group Il A with dilute nitric acid Acidify this solution with dilute HCI.
and add a few drops of alcohol and dil. H,SO,. A yellow precipitate is formed. Heat
- — - . ) the precipitate with concentrated nitric
White precipitate g9r_1f|rms If no precipitate is formed, | 50iq and add ammonium molybdate
the presence of Pb" " ions. add excess of ammonium | ¢o1ytion. A canary yellow precipitate is
Dissolve the precipitate in hydroxide solution. Ablue | ¢5rmed.
ammonium acetate solution. solution is obtained, acidify
Acidify with acetic acid and it with acetic acid and add
divide the solution into two potassium ferrocyanide
parts. solution. A chocolate
(i) To the first part add brown precipitate is formed.
potassium chromate solution,
a yellow precipitate is formed.
(ii) To the second part, add
potassium iodide solution, a
\ yellow precipitate is formed. y

4
m
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Group-II A (Copper Group)

Chemistry of confirmatory tests of Group-I| A cations

Test for Lead ion (Pb?)

L ead sulphide precipitatedissolvesin dilute HNO,. Onadding dil. H,SO, and afew dropsof a cohal to

thissolution awhite precipitate of lead sulphate appears. Thisindicatesthe presence of leadions.
3PbS + 8HNO,—— 3Pb(NO,), + 2NO + 4H,0 + 3S

Pb(NG,), + H,SO,—— PbSO, + 2HNO,
Thewhite precipitate dissol vesin ammonium acetate sol ution on boiling. When thissolutionisacidified
with acetic acid and potassium chromate solution isadded, ayellow precipitate of PbCrO, isformed.
On adding potassium iodide solution, ayellow precipitate of lead iodide is formed.

PbSO, + 4CH,COONH, —— (NH,),[Pb(CH,COO0O),] + (NH,),SO,

Ammonium
tetraacetatopl umbate(l1)
Pb** + CrO,> —— PbCrO, ; Pb* + 21= — Phl,
Lead chromate Lead iodide
(Yellow precipitate) (Yellow precipitate)

Test for Copper ion (Cu?')
(a) Copper sulphidedissolvesin nitric acid dueto the formation of copper nitrate.
3CuS + 8HNO,—— 3Cu(NO,), + 2NO + 3S + 4H,0
On heating thereaction mixturefor long time, sulphur isoxidised to sulphate and copper sulphateisformed
andthesolutionturnsblue. A smal amount of NH,OH precipitatesbasi c copper sulphatewhichissoluble
in excessof ammonium hydroxide dueto theformation of tetraamminecopper (11) complex.
S+ 2HNO, —>H,SO, + 2NO

2Cu?*+ SO, + 2NH, + 2H,0 — > Cu(OH),.CuSO, + 2NH,*

Cu(OH),.CuSO, + 8NH, —— 2[Cu(NH,),]SO, + 20H" + SO42‘
Tetraamminecopper (I1)
sulphate (Deep blue)

(b) Thebluesolution onadidiification with acetic acid and then adding potassium ferrocyanide K [F(CN) |
solution givesachocol ate colouration dueto the formation of copper ferrocyanide
i.e Cu[Fe(CN)].
[Cu(NH,) ]SO, + 4CH,COOH —— CuSO, + 4CH,COONH,
2CusO, + K, [Fe(CN),] — Cu,[Fe(CN)] + 2K, SO,
Potassium Copper
hexacyanoferrate (I1) hexacyanoferrate (1)
(Chocolate brown precipitate)

Salt Analysis
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Group-I1 B (Arsenic Group)
If group- |1 precipitate dissolvesinyelow ammonium sulphide and the colour of the solutionisyellow,
thisindicatesthepresenceof As* ions. Ammonium thioarsenideformed on dissol ution of AsS, decomposes
withdil. HCI, and aydlow precipitate of arsenic (V) sul phideisformed which dissolvesin concentrated
nitric acid on heating due to the formation of arsenic acid. On adding ammonium molybdate solution to
the reaction mixture and heating, acanary yellow precipitateisformed. Thisconfirmsthe presenceof As*
ions.

As,S, + 3(NH,),S — 2(NH)AsS, +S

Y ellow ammonium
sulphide
2(NH))AsS, + 6HCl — As,S, + 3H,S + 6NH Cl

3AsS, + 10HNO, + 4H,0 — 6H,AsO, + 10NO + 155

Arsenic acid
H.,ASO, + 12(NH4)2MOO4 + 21HNO, — (NH4)3[AS (M03010)4] + 2INH,NO, +12H,0
Arsenic acid Ammonium Ammonium
molybdate arsenomolybdate

(vellow precipitate)

(1V) Analysisof Group-lII cations

If group-11 isabsent, takeoriginal solution and add 2-3 dropsof conc. HNO, to oxidise Fe** ionsto Fe**
ions. Heat the solution for afew minutes. After cooling add asmall amount of solid ammonium chloride
(NH,CI) and an excess of ammonium hydroxide (NH,OH) solutiontill it smells of ammonia. Shakethe
test tube. If abrown or white precipitate isformed, thisindicates the presence of group-I11 cations.
Confirmatory testsof group-I11 cationsare summarisedin Table 14.

Observethe colour and the nature of the precipitate. A gelatinouswhite precipitateindicatesthe
presence of auminium ion (A1%"). If the precipitate is brown in colour, thisindicates the presence
of ferricions (Fe*").

Table 14 : Confirmatory test for Group-I11 cations

Brown precipitate White predpitate
Fe*' Al**
Dissolve the precipitaein dilute HCI Dissolve the white precipitate in
and divide the solution into two parts. dilute HCI and divide into two parts.

@ | To the firg pat add potassium |(a) | To the firs pat add sodium

ferrocyanide  solution  [Potasium hydroxide solution and warm. A
hexacyanoferrate (I1)]. A blue white gelatinous precipitate soluble
precipitate/col ourati on appears. in excess of sodium hydroxide

solution isobtained

(b) | To the second part add potassium | (b) | To the second part first add blue
thiocyanate solution. A blood red litmus solution and then ammonium
colouration appears. hydroxide solution drop by drop
aong the sides of the test tube. A
blue floating mass in the colourless
solution is obtained.

ALLEN .
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V)

Chemistry of confirmatory testsof Group - 111 cations

When original solution is heated with concentrated nitric acid, ferrousion areoxidised toferricions.
2FeCl, + 2HCl + [O] — 2FeCl, +H,0

Their group cationsare precipitated astheir hydroxides, which dissolvein dilute hydrochloric aciddueto

theformation of corresponding chlorides.

Test for Aluminium ions (Al®")

(a) When the sol ution containing a uminium chlorideistreated with sodium hydroxide awhite gelationus
precipitate of uminium hydroxideisformedwhichissolubleinexcessof sodium hydroxide solution due
to the formation of sodium metaaluminate.

AICI, +3NaOH —> AI(OH), + 3NaCl

Al(OH), + NaOH —— NaAIO, +2H.,0
White gelatinous Sodium
precipitate meta aluminate
(b) Inthe second test when blue litmusis added to the sol ution, ared colouration is obtained dueto the
acidic nature of the solution. Onaddition of NH,OH solution drop by drop, the solution becomesakaline
and duminium hydroxideis precipitated. Aluminium hydroxide adsorbs blue colour fromthe solution and
formsinsolubleadsorption complex named ‘lake . Thusablue massfloating in the colourlesssolutionis
obtained. Thetest istherefore caled laketest.

Test for ferric ions (Fe*)
Reddish brown precipitateof ferric hydroxide dissolvesin hydrochloric acid and ferric chlorideisformed.

Fe(OH), + 3HCI — FeCl, + 3H,0
() When the solution containing ferric chlorideistreated with potassium ferrocyanide solution ablue
precipitate/colouration is obtained. The colour of the precipitateis Prussan blue. It isferric ferro-
cyanide. The reaction takes place as follows:

4FeCl, + 3K [Fe(CN)] ——Fe[Fe(CN) ], + 12KCl

Potassium Prussian blue
ferrocyanide precipitate

If potassium hexacyanoferrate (11) (i.e. potassium ferrocyanide) isadded in excess then aproduct of
composition KFe[Fe(CN) ] isformed. Thistendstoform acolloidal solution (* soluble Prussian blue')
and cannot be filtered.

FeCl, + K [Fe(CN),] — KFe[Fe(CN)] + 3KCl

(Soluble prussian blue)

(b) To the second part of the solution, add potassium thiocyanate (potass um sulphocyanide) solution.
The appearance of a blood red colouration confirms the presence of Fe** ions.

Fe** + SCN- ——[Fe(SCN)]**

Blood red colour

Analysis of group-1V cations

If group-111 isabsent, passH,Sgasinthe solution of group-111 for afew minutes. If aprecipitate appears
(white, black or flesh coloured), this indicates the presence of group-1V cations. Table 15 givesa
summary of confirmatory tests of group-1V cations.

Salt Analysis
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Table 15 : Confirmatory test for Group - IV cations

4 White precipitate Flesh coloured precipitate Black precipitate )
(Zn2+) (Mn2+) (Ni2+, C02+)
Dissolve the precipitate in | Dissolve the precipitate in | Dissolve the precipitate in aqua regia.
dilute HCI by boiling.  Divide | dilute HCI by boiling, then add | Heat the solution to dryness and cool.
the solution into two parts. sodium hydroxide solution in | Dissolve the residue in water and divide
(a) To the first partadd excess. A white precipitate is | the solution into two parts.
sodium hydroxide solution. | formed which turns brown on | (a) To the first part of the solution add
A white precipitate soluble | keeping. ammonium hydroxide solution till it
in excess of sodium becomes alkaline. Add a few drops of
hydroxide solution dimethyl glyoxime and shake the test
confirms the presence of tube. Formation of a bright red
7n ions. precipitate confirms the presence of
(b) Neutralise the second part Ni2+ ions.
with a mmonium hydroxide (b) Neutralise the second part with
solution and add potassium ammonium hydroxide solution. Acidify
ferrocyanide solution. A it with dilute acetic acid and add solid
bluish white precipitate potassium nitrite. A yellow precipitate
appears

. 2+ .
confirms the presence of Co ions.

Chemistry of confirmatory tests of Group—V cations
Fourth group cations are precipitated astheir sulphides. Observe the colour of the precipitate. A white
colour of the precipitate indicates the presence of zincions, aflesh colour indicates the presence of
manganese ions and a black colour indicates the presence of Ni?* or Co?* ions.
Test for Zincion (Zn?)
Zinc sulphidedissolvesin hydrochloric acid to form zinc chloride.

ZnS + 2HClI — ZnCl, + H,S
(a) On addition of sodium hydroxide solution it gives awhite precipitate of zinc hydroxide, which
is soluble in excess of NaOH solution on heating. This confirms the presence of Zn?* ions.

ZnCl, + 2NaOH —— Zn(OH), + 2NaCl

Zn(OH), + 2NaOH —— Na,ZnO, + 2H,0
Sodium zincate
(b) When potassium ferrocyanide K ,[Fe(CN) ] solution is added to the solution after neutralisation
by NH,OH solution, a white or a bluish white precipitate of zinc ferrocyanide appears.
2ZnCl, + K [FE(CN) ] — Zn[Fe(CN)] + 4KCl
Zinc
ferrocyanide
Test for Manganese ion (Mn?*)
Manganese sulphideprecipitate dissolvesindil. HCI on boiling. On addition of NaOH solution in excess,
awhite precipitate of manganese hydroxideisformed which turns brown due to atmospheric oxidation
into hydrated manganesedioxide.
MnS + 2HCI —— MnCl, + H_S
MnCl,, + 2NaOH —— Mn(OH),, + 2NaCl
(White precipitate)
Mn(OH), + [O] — MnO(OH),
Hydrated manganese dioxide
(Brown colour)
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3.

Test for Nickel ion (Ni%)
The black precipitate of nicke sulphidedissolvesin aguaregiaand the reaction takesplace asfollows:

3NiS + 2HNO, + 6HCI —— 3NIiCl, + 2NO + 3S + 4H,0
After treatment with aquaregianickel-chlorideis obtained whichissoluble in water. When dimethy!|
glyoxime is added to the agueous solution of nickel chloride, made akaline, by adding NH,OH
solution, abrilliant red precipitate is obtai ned.

o P o
H,C N N H,C
H,C—C=N-—OH TN NN X7
— | Nl\ | + 2NH,Cl + 2H,0
NiCl, + 2NH,0H + H,C—C = N—OH SN N/ _C
’ ! } HC | I|\I/ SHC
0.y Y

Complex of red colour
(Stable form of complex)

Test for Cobalt ion (Co?)

Cobalt sulphidedissolvesin aguaregiain the samemanner as nickd sulphide. When the aqueoussolution
of theresdue obtained after treatment with aquaregiaistreated with astrong solution of potassum nitrite
after neutralisationwith ammonium hydroxide and the solutionisacidified with dil. acetic acid, aydlow
precipitate of the complex of cobalt named potassium hexanitritocobatate (111) isformed.

CoS + HNQO, + 3HCI —— CoCl, + NOCI + S + 2H,0

CoCl,, + 7KNO, + 2CH,COOH — K [Co(NO,).] + 2KCl + 2CH,COOK + NO + H,0

Potassium
hexanitritocobaltate(l11)
(Yellow precipitate)

(VI) Analysisof Group-V cations

If group-1V is absent then take original solution and add asmall amount of solid NH,CI and an excess
of NH,OH solution followed by solid ammonium carbonate (NH,),,CO,. If awhite precipitate appears,
this indicates the presence of group-V cations.
Dissolve thewhite precipitate by boiling with dilute acetic acid and divide the solutioninto three parts
oneeach for Ba?*, Sr2* and Ca?* ions. Preserve asmal amount of the precipitatefor flametest. Summary
of confirmatory testsisgiven in Table 16.

16 : Confirmatory test for Group - V cations

Dissolve the precipitate by boiling with dilute acetic acid and divide the D
solution into three parts one each for Ba2+, Sr2+ and Ca2+ ions
Ba’"ions sr’ ions ca’ ions
() To the first part add (a) If barium is absent, take (@) I both barium and strontium are
potassium chromate second part of the solution absent, take the third part of the
solution. A yellow and add ammonium sulphate solution. Add ammonium oxalate
precipitate appears. solution. Heat and scratch the| ~ solution and shake well. A white
(b) Perform the flame sides of the test tube with a precipitate of calcium oxalate is
test with the preserved glass rod and cool. A white obtained. _
precipitate. A grassy precipitate is formed. (b) Perform the flame test with the
green flame is obtained.| (b) Perform the flame test with preserved precipitate. A brick red
the preserved precipitate. A flame, which looks greenish-
crimson-red flame confirms ye”OW through blue glass, confirms
. 2+ .
the presence of Sr°" ions. the presence of Ca  ions. y
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(b)

@

(b)

@

(b)

Chemistry of Confirmatory Tests of Group-V cations
TheGroup-V cationsareprecipitated astheir carbonateswhich dissolvein acetic acid dueto theformation
of corresponding acetates.
Test for Barium ion (Ba?)
Potassium chromate (K ,CrO,) solution givesayellow preci pitateof barium chromatewhenthe solution
of fifth group precipitatein acetic acid istreated with it.
BaCO, + 2CH,COOH — (CH,CO0), Ba+ H,O + CO,
(CH,CO0),Ba + K CrO, — BaCrO, + 2CH,COOK
Barium chromate
(yellow precipitate )
Flameted : Takeaplatinumwireanddipitinconc. HCl. Heat it strongly until thewiredoesnot impart
any colour tothenon-luminousflame. Now dip thewireinthe paste of the (Group-V) precipitatein conc.
HCI. Heat it intheflame. A grassy green colour of the flame confirmsthe presence of Ba?* ions.
Test for Strontium ion (Sr?*)
Solution of V group preci pitatein acetic acid givesawhite precipitate of strontium sulphatewith ammonium
sulphate sol ution on heating and scratching the sides of thetest tube with aglassrod.
SCO, + 2CH,COOH —— (CH,CO0),Sr + H,O + CO,
(CH,COO), Sr + (NH,),SO, — SrSO, + 2CH,COONH,
Strontium
sulphate
(White precipitate)
Flametes : Performtheflametest asgiveninthecaseof Ba?*. A crimson red flame confirmsthe presence
of Sr2*ions.
Test for Calcium ion (Ca?)
Solution of thefifth group preci pitatein acetic acid givesawnhite preci pitate with ammonium oxa ate sol ution.
CaCO, + 2CH,COOH —— (CH,CO0),Ca + H,0 + CO,
(CH,COO),Ca+ (NH),C,0, —> (CO0),Ca + 2CH,COONH,
Ammonium Calcium oxaate
oxaate (White precipitate)
Flametes : Perform theflametest as mentioned above. Calcium impartsbrick red colour to theflame
which looksgreenish-ydlow through blueglass.

(VII) Analysisof Group—-VI cations

@

If group—V isabsent then perform thetest for Mg?* ionsasgiven below.
Chemistry of Confirmatory Tests of Group—VI cations
Test for Magnesiumion (Mg?)
If group-V isabsent then the solution may contain magnesum carbonate, whichissolubleinwater inthe
presence of ammonium salts becausethe equilibriumis shifted towardstheright hand side.
NH," + CO,” —>NH, + HCO,
The concentration of carbonate ionsrequired to produce a precipitate is not attained. When disodium
hydrogenphosphate sol ution isadded and theinner wall s of thetest tube are scratched with aglassrod,

awhitecrygdlinepredpitate of magnesium ammonium phosphate isformed whichindicatesthepresence -

of Mg?*ions.
Mg? + Na,HPO, — Mg(NH,)PO, + NH,OH + 2Na" + H,O
Magnesium ammonium
phosphate (White precipitate)
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Salt Analysis
Note down the observations and the inferencesof the qualitative anaysisintabular formasgiveninthe
specimen record
Precautions

Fig. 1.9 : How to smell a gas

() Alwaysuse an apron, an eye protector and hand gloveswhile working in the chemistry |aboratory.

(b) Before using any reagent or achemical, read thelabel on the bottle carefully. Never use unlabelled
reagent.

(c) Do not mix chemicals and reagents unnecessarily. Never taste any chemical.
(d) Be careful in smelling chemicals or vapours.

Always fan the vapours gently towards your nose (Fig. 1.9).

(e) Never add sodium metal to water or throw itinthesink or dustbin.

(f) Alwayspour acid into water for dilution. Never add water to acid.

(g) Becareful while heating thetest tube. Thetest tube should never
point towards yourself or towardsyour neighbourswhile heating or
adding areagent. Fig. 1.9 : How to smell agas

(h) Becareful while dealing with the explosive compounds, inflammabl e substances, poi sonous gases,
electric appliances, glasswares, flame and the hot substances.

(i) Keep your working surroundings clean. Never throw papers and glass in the sink. Always use
dustbin for this purpose.

(1) Always wash your hands after the completion of the laboratory work.

(K) Alwaysusethe reagentsin minimum quantity. Use of reagentsin excess, not only leadsto wastage
of chemicals but also causes damage to the environment.

¢+
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Discussion Questions

() What isthe difference between aqudlitative and aquantitative analys s?

(if) Can weuse glassrod instead of platinum wirefor performing theflametest? Explain your answer.
(iii) Why is platinum metal preferred to other metals for the flame test?

(iv) Name the anions detected with the help of dilute H,SO,?

(v) Why is dilute H,SO, preferred over dilute HCl while testing anions?

(vi) Name the anions detected by conc. H,SO,.

(vii) How is sodium carbonate extract prepared ?

(viit) What is lime water and what happens on passing carbon dioxide gas through it?

(ix) Carbon dioxide gas and sul phur dioxide gas both turn limewater milky. How will you distinguish
these two?

(x) How will you test the presence of carbonate ion?

(xi) What isthe composition of dark brown ring which isformed at the junction of two layersin the
ring test for nitrates?

(xii) Namethe radica confirmed by sodium nitroprusside test.

(xiii) What is chromyl chloride test ? How do you justify that CrO,Cl, is acidic in nature?

(xiv) Why do bromides and iodides not give tests similar to chromyl chloride test?

(xv) Describe the layer test for bromide and iodide ions.

(xvi) Why issilver nitrate solution stored in dark coloured bottles?

(xvii) How do you test the presence of sulphide ion?

(xviii) Why does iodine give a blue colour with starch solution?

(xix) What is Nessler’ sreagent?

(xx) Why isoriginal solution for cations not prepared in conc. HNO, or H,SO,?

(xxi) Why cannot conc. HCI be used as agroup reagent in place of dil. HCI for the precipitation of
Ist group cations?

(xxii) How can one prevent the precipitation of Group—V radicals, with the second group radicals?
(xxiii) Why isit essential to boil off H,S gas before precipitation of radicals of group-11?

(xxiv) Why is heating with conc. nitric acid done before precipitation of group—11?

(xxv) Can we use ammonium sul phate instead of ammonium chloride in group-I117?

(xxvi) Why is NH,OH added before (NH,),CO, solution while precipitating group-V cations?
(xxvii) Why do we sometimes get awhite precipitatein group-V| even if the salt does not contain
Mg?* radical?

(xxviii) What is aquaregia?

(xxix) Name a cation, which is not obtained from a metal.

(xxx) How can you test the presence of ammonium ion?

(xxxi) Why are the group-V radicals tested in the order B&*, Sr?* and Ca&?* ?

(xxxii) Why does conc. HNO, kept in a bottle turn yellow in colour?

(xxxiii) Why should the solution be concentrated before proceeding to group—-V?

(xxxiv) Why isthe reagent bottle containing sodium hydroxide solution never stoppered?

(xxxv) What do you understand by the term common ion effect?

(xxxvi) Why is zinc sulphide not precipitated in group—1?
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Salt Analysis

SPECIMEN RECORD OF SALT ANALYSIS

Aim

To andysethegiven salt for oneanion and onecation present init.

SI. No. Experiment Observation Inference
1. Noted the colour of the given | White cu’’ Fe”, Ni**, co”,
2
salt. Mn’ " are absent.

2. | Noted the smell of the salt. No specific smell. S*,S0,”, CH,COO

may be absent.

3. | Heated 0.5 g of the salt in a E!'))I\Il\lo gas v_vaslevolved. (i) CO,” may be present,
dry test tube and noted the | (1) No particular NO." NO.~ Br mav be absent
colour of the gas evolved and | change in colour of 82 Y '
change in the colour of the | theresidue is o
residue on heating and | observed when (if) Zn" may be absent.
cooling. heated and when

cooled.

4. Prepared a paste of the salt | No distinct colour of the Ca2+, Sr2+, Ba2+ (:u2+
with conc. HCI and performed | flame seen. may be absent.
the flame test.

5. Borax bead test was not — —
performed as the salt was
white in colour.

6. | Treated 0.1 g of salt with 1 mL| No effervescence and C0,", S0,", S, NO, ,
dil.H,SO, and warmed. evolution of vapours. -

CH;COO absent.

7. Heated 0.1 g of salt with 1 mL | No gas evolved. CI,Br, I, NO; (32042’
conc. H,S0,. are absent.

8. | Acidified 1mL of aqueous salt | No yellow precipitate PO, absent.
solution with conc. HNOs.

Warmed the contents and then
added 4-5 drops of ammonium
molybdate solution.
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Sl. No.

Experiment

Observation

Inference

9.

Acidified water extract of the
salt with dil. HCI and then
added 2mL of BacCl, solution.

A white ppt. is obtained
which is insoluble in conc.
HNO; and conc. HCI.

2—
SO, present.

10.

Heated 0.1 g of salt with 2 mL
NaOH solution.

Ammonia gas is not
evolved.

NH 4+ absent.

11.

Attempted to prepare original
solution of the salt by
dissolving 1g of it in 20 mL
water.

Clear solution formed

Water soluble salt is
present.

12.

To a small part of the above
salt solution added 2 mL of
dil. HCI.

No white precipitate
formed.

Group-I absent.

13.

Passed H,S gas through one
portion of the solution of step 12.

No precipitate formed.

Group-II absent.

14.

Since salt is white, heating
with conc. HNO; is not

required. Added about 0.2 g
of solid ammonium chloride
and then added excess of
ammonium hydroxide to the
solution of step 12.

No precipitate formed.

Group-III absent.

15.

Passed H,S gas through the
above solution.

No precipitate formed.

Group-IV absent.

16.

Added excess of ammonium
hydroxide solution to the
original solution and then
added 0.5 g of ammonium
carbonate.

No precipitate formed.

Group-V absent.

17.

\

To the original solution of salt
added ammonium hydroxide
solution, followed by disodium
hydrogen phosphate solution.
Heated and scratched the sides
of the test tube.

White precipitate

2+ )
Mg confirmed.

Result

the given salt contains
Anion : SO*
Cation : Mg?*
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EXERCISE#1

ANIONS : Class A (Subgroup - 1)

The colour devel oped, when sodium sul phideisadded to sodium nitroprussideis.
(A) Purple (B) yellow (© red (D) black

SA0001
When a neutral or slightly alkaline solution of thiosulphate is treated with the [Ni(en),] (NO,),
complex, then
(A) Green precipitate is obtained (B) Brown precipitate is obtained
(C) Violet precipitate is obtained (D) Yellow precipitate is obtained

SA0002
When CH,COONa heated with solid As,O, then compound X isformed. The smell of compound
Xis-

(A) Pungent smell (B) Rotten Fishsmell (C) Nauseating smell (D) Rotten egg smell
SA0003

NOz_ion can be destroyed by -

(A) Sulphamic acid (B) Thiourea (C) Urea (D) All of these
SA0004

Solutions of sodium azide(NaN,,) and iodine (as Kl ) do not react but on addition of atrace of "X’
ion, which actsasacatalys thereisan immediate vigorousevolution of nitrogen. Then X' may be:

(A) S,0> (B) & (©) SCN (D) All are correct.

SA0005
When AgNQ, react with X" ion then initially no visible change occurs due to formation of water
soluble complex.Then ion 'X' may be:

(A) SO (B) S0~ (C) & (D) CO»
SA0006
Match the column
Column-I Column-I1
(A)SZ (P) Produces white ppt. with excessAgNO,
(B)HSO,~ (Q) Evolvesgaswithdil. HCI which turnslime water
milky
© 8032— (R) Evolvesgaswith dil.H,SO, which does not turn
Barytawater milky
(D)S,0,2 (S) Produces ppt. with Pb(OAcC), solution.
(T) Produceswhite ppt with BaCl,, solution.
SA0007

Find the number of acidic radical(s) which can form coloured gas when treated with dil. H,SO,.
CO,%, NO,, Br~, I, SO*

SA0008
Class A (Subgroup - I1)
Chromy! chloride test is given by -
(A) CH.CI (B) AgCl (C) Hg,Cl, (D) NH,CI
SA0009

Salt Analysis
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10.

11.

12.

13.

14.

15.

16.

ALLEN
¢
BO,> + H,S0, —— (P)
Conc. White fumes
BO,* + H,SO, + CH,OH —— (Q)
Conc. apours
P & Q are respectively -
(A) H,BO,, H,BO, (B) (CHy,BO,, H,BO,
(©) (CHY,BO,, (CH,BO, (D) H,BO,, (C,H),BO,
SA0010
In layer test of 1~ and Br~. If reddish -brown layer comesfirst then -
(A) Br~ present (B) I~ absent (C) Both (A) and (B) (D) None of these
SA0011

All Anions Of Class A
Statement-1: When H,S gasispassed through Na-nitroprusside soluton it gives purple colouration
Statement-2: H,Sisanweak acid
(A) Statement-1istrue, statement-2 istrueand statement-2 is correct explanation for statement-1.
(B) Statement-Listrue, datement-2 istrueand Satement-2isNOT the correct explanation for Satement-1.
(C) Statement-1 istrue, statement-2 isfalse.
(D) Statement-1 isfase, statement-2 istrue.
SA0012

When the sodaextract containing thiosul phateion treated with excess of AgNO, solution followed
by boiling, then.

(A) White precipitateisformed (B) Black precipitate isformed
(C) brown precipitate is formed (D) No ppt precipitateis formed
SA0013
“Cacodyl oxide’ isformed in the specific test of -
(A) Formate (B) Oxalate (C) Acetate (D) Nitrate
SA0014

An agueous solution of gas (X) gives the white turbidity on passing H.,S in the solution. |dentify
(X)
(A) NH, (B) SO, (©) CO, (D) None of these

SA0015

NO,” and NO,~ can be distinguished by which of the following reagent.
(A) dil. H,SO, (B) conc. H,SO,
(C) Devarda's alloy + conc.NaOH (D) None of these
SA0016
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. ALLEN

17.

[Fe(H,0).,NOJ?** is unstable because -

(A) It liberates NO gas on warming

(B) It liberates NO gas on shaking

(C) The charge of central atom is+1 (relatively low enough)
(D) None of these

Class B
SA0017
2 +  Organic O\C —
18 Cr,0x +4H,0,+ 2H" ————> 2(|)/”r\(|) + 5H,0
0
In above reaction amyl alcohol is recommended.
Dimethyl ether is not recommended for general use owing to its -
(A) Highly non-flammable character
(B) Highly inflammabl e character
(C) Highly poisonious character
(D) None of these
SA0018
19.  If barium sulphateisprecipitated in asol ution contai ning potass um permanganateit is coloured pink
(violet) by -
(A) Absorption of some of the permanganate  (B) Adsorption of some of the permanganate
(C) Both (A) and (B) (D) None of these
SA0019
All Anions Of Class A & ClassB
20. List— (Reaction) List—I1 (Product)
(P KI +NO, — (1) NH,
(Q) NH,NO, —2— (2 NO
(R) NQ, =i, (3) N,
©) (NH4)2CI’207 — 4 NZO
¢ Code:
P Q R S P Q R S
A 3 4 1 2 B 4 2 1 3
© 4 2 3 1 oy 2 4 1 3
SA0020

Salt Analysis
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21. List— (Reaction) List—I1 (Product)
(P) COZ —dihso, (1) H,S
(Q & —a=, (2 so,
(R) SO; —ur. , (3 co,
(S) S,05 —uLrs: (4) S+ S0,
Code:
P Q R S P Q R S
A 3 4 1 2 B) 2 1 4 3
© 3 1 2 4 oy 2 4 1 3
SA0021
22. List— (Molecule) List—1 (Characteristic Odour)
(P) CO, (1) Rotten egg smell
(Q) SO, (2) Suffocating smell of burning sulphur
(R) H,S (3) Vineger like smell
(S CH,COOH (4) Odour less
Code:
P Q R S P Q R S
A 4 2 1 3 B 2 4 1 3
© 3 1 2 4 oy 2 4 1 3
SA0022
23. List— (Acidicradicals) List—1 (Test)
(P) NGO, (1) Greenflametest
(@)) Bog_ (2) Cacodyl oxide reaction
(R) Br (3) Griessllosvay test
(S CH,COO (4) Layertest
Code: g
P Q R S P Q R S
A 4 2 1 3 B 3 1 4 2
© 3 4 2 1 ® 4 3 2 1
SA0023
CATIONS : DRY TEST i
24.  Find the number of water of crystallization in microcosmic sat -
(A) 5 (B) 4 (C) 6 (D) 10 ’
SA0024

25.  What isthe colour of K* through cobalt/double blue glass -

(A) Lilac, (B) Violet

(C) Brick red (D) Crimson red

SA0025
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. ALLEN Salt Analysis
26.  What is the colour of CoO.ALQ,is-
(A) pink (B) Thenard blue (C) Bluish white (D) None of these
SA0026
27.  The correct formulaof Canary yellow ppt and it is the test of ------------ acid radical-
(A) (NH,), [PMo,,0,,] and phosphate
(B) (NH,) H [P(M0,O,,),] and sulphate
(C) (NH)), [P(M0,O,),] and phosphate
(D) Na, [P(M0,0,,),] and phosphate
SA0027
28.  Sodium carbonate bead test generally used for ............. compounds.
(A) Mn (B) Cr (©) Zn (D) Cu
SA0028
WET TEST : GROUP ZERO
29.  Statement-1: Test of NH," can not be done within group analysis
Statement-2 : During group analysisseveral times NH 4+ - compound isadded at the different steps.
(A) Statement-1 istrue, satement-2 istrueand statement-2 is correct explanation for statement-1
(B) Statement-1istrue, satement-2istrueand satement-2 isSNOT the correct explanation for Satement-1
(C) Statement-1 isfalse, statement-2 istrue.
(D) Statement-1istrue, statement-2 isfalse.
SA0029
GROUP - |
30.  Which of thefollowing isnot group-1 cation though the chloridesof all cationsare sparingly soluble
in water.
(A) Ag (B) Hg,” (C) Cur (D) Po?*
SA0030
GROUP - 11 A
31. Cu? + KCN (in excess) — soluble complex (X). How many statements are correct regarding
complex (X) -
(i) the central atom has the co-ordination number of 6
(ii) the central atom has the co-ordination number of 4
(ii1) the complex is sg.planar
(iv) the complex is diamagnetic
(v) the complex is paramagnetic
SA0031
32.  BIiCl, —— black ppt (M) —2<=5 soluble complex (N)
; Find the number of moles of I~ ions involved for the formation of per mole of (N).
SA0032
4
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33.

35.

36.

37.

38.

39.

40.

GROUP-11 B
Sn?* and Sn** can be distinguished by how many of the following methods -
(i) by passing H,Sin their solution (in acidic medium)
(i) by addition of NaOH in their solution
(iii) by addition of excess NaOH in their solution
(iv) by addition of dil. HCI in their solution
(v) by addition of HgCl, solution in their solution
SA0033
GROUP - |1
What is the group-I11 reagent is generally used for group analysis.
(A) NH,OH + NH,NO, (B) NH,Cl + (NH,),CO,
(C) NH,OH + (NH,),SO, (D) NH,OH + NH,CI
SA0034

CrCl, solution + Na,S solution —— ppt(A)

The correct formula and colour of A are
(A) Cr,S,, Black (B) Cr(OH),, Green
(C) Na[Cr(OH),], Green (D) None of these
SA0035
GROUP - IV
The auxiliary reagent in group-1V reagent is
(A) H,S (B) dil.HCI (C) NaOH (D) NH,OH
SA0036
All Group Cations
Which of the following cation gives ppt in two groups during group anaysis.
(A) Hg** (B) Hg,” (C) Po** (D) Cu*
SA0037
Which of the following cation produces coloured ppt with Na,SO, solution -

(A) Pb?* solution (B) Ba?* solution (C) Hg?* solution (D) C&* solution

SA0038
NH,* and K* ions can be distinguished by the use of following reagent
(A) Na,[Co(NO,)] (B) Na,[PtCl ]
(C) HCIO, or NaCIO, (D) Bailing with NaOH

SA0039
Which of the following sulphidesis yellow in colour?
(A) Cus (B) Cds (C) ZnS (D) CoS

SA0040

ALLEN .
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. ALLEN Salt Analysis
MISCELLANEOUS
41. List— (Compound) List—11 (Colour)
(P) HgO (1) Purplesolution
(Q) BaCO, (2) Yellow ppt
(R) Na,[Fe(CN)-NOS] (3) Dark brown
(S Kig (4) White ppt
Code: P Q R S P Q R S
A 3 4 1 2 B 2 4 1 3
© 2 4 3 1 ®) 2 4 3 1
SA0041
42. List— (Basic Radical) List—1 (Group)
(P) AI*3 (1) 1l group
(Q) Zn*2 (2 V group
(R) Ba*2 (3) IV group
(S) Pb*? (4) 111 group
Code: P Q R S P Q R S
A 4 2 1 3 B 2 4 1 3
© 3 1 2 4 ® 4 3 2 1
SA0042
43. List— (Cations) List—I1 (Group reagent)
(P) Co*2 (1) (NH,),CO, in presence of NH,Cl
(Q) Fe'3 (2) H,Sgasin acidic medium
(R) Cut2 (3 H,Sin presence of NH,OH
(S) Cat2 (49) NH,OH in presence of NH,Cl
Code: P Q R S P Q R S
A 4 2 1 3 B 3 1 4 2
© 1 2 3 4 ®) 3 4 2 1
SA0043
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EXERCISE #11

o

ANIONS : Class A (Subgroup - 1)

Statement-1: On passing CO, gasthrough limewater, the solution turns milky.
because
Statement-2: Acid-Base (neutralisation) reaction takes place.
(A) Statement-1 istrue, statement-2 istrueand statement-2 is correct explanation for statement-1.
(B) Statement-1istrue, satement-2 istrueand statement-2 isSNOT the correct explanation for Satement-1.
(C) Statement-1 istrue, statement-2isfalse.
(D) Statement-1 isfalse, statement-2 istrue.

SA0044
A substance on treatment with dil. H,SO, liberates a colourless gas which produces (i) turbidity
with barytawater and (ii) turns acidified dichromate solution green. The reaction indicatesthe
presence of

(A) CO3 (B) 5> (C) SO3 (D) NO;

SA0045
When S,0,* react with solution of 'X' reagent then reaction isredox followed by precipitation then
X'is:

(A) FeCl, solution (B) AgNO, solution
(C) CuSO, solution (D) None of these
SA0046
In the test for iodine, when 1, is treated with sodium thiosulphate, Na,S,0,
Na,S,0,+ 1, —Na + ......
(A) Na,S,0, (B) Na,SO, (C) Na,S (D) Na,ISO,
SA0047
Paragraph for Q.5t0Q. 7
dil HCI lime - -
A B ater C (milky solution)
boil [ Sulphur
Zn+ dil H,S0,
dgirAcT oo "0 THo,
boil with (A)
G FeCl,
|dentify A
(A) CO> (B) SO,* (C) S0~ (D) none of these
SA0048

ALLEN .
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. ALLEN Salt Analysis
6. WhenA react with Po(NO,),, then compound X isformed. Compound X is oxidized by atmospheric

oxygen on boiling, thenY is formed what is the colour of Y
(A) yellow (B) White (C) Black (D) Green
SA0048

7. When gas E react with sodium nitroprusside in basic medium then compound Z isformed. The colour
of compound Z is:
(A) Green (B) purple (C) Reddish brown (D) Black
SA0048
Class A (Subgroup - 11)
8. When amixture of solid NaCl, solid K,,Cr,0, is heated with conc. H,SO,, orange red vapours are
obtained. These are of the compound
(A) chromouschloride (B) chromyl chloride
(C) chromicchloride (D) chromic sulphate
SA0049
9. Which of thefollowing will not give positive chromyl chloridetest?
(A) Copper chloride, CuCl,, (B) Mercuric chloride, HgCI,
(C) Zinc chloride, ZnCl, (D) Aniline chloride, C;H.NH,CI
SA0050
10.  Sodium borate on reaction with conc. H,SO, and C,H,OH gives acompound A which burnswith
agreen edged flame. The compound A is
(A) H,B,O, (B) (C,H.),B,0, (C) H;BO, (D) (C,Hs);BO,
SA0051
11.  Nitrateisconfirmed by ring test. The brown colour of thering isdueto formation of
(A) ferrousnitrite (B) nitroso ferrous sulphate
(C) ferrousnitrate (D) FeSO,NQ,
SA0052
12. A sdtgivesviolet vapours when treated with conc. H,SO,, it contains
(A) CI- (B)1— (C) Br- (D) NO3
SA0053
13.  Unknown salt + Al-powder + NaOH (conc.) — gascomes out which turns Nesslar’sreagent brown.
The salt may be-
(A) NaNO, (B) NaNO, (C) NH,CI (D) NH,HCO,
SA0054
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15.
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17.

18.

19.

20.

dule-Salt Analysis, Heating Effect & s, d-BIock\ENG\() Salt Analysis. p65

ALLEN
¢
Paragraph for Q. 14to Q. 17
(Sulphamic
conc. add) FeSO, » (D) (Unstable brown coloured
B(g)< H,SO, (A) > (©) ~ +conc. H,S0, compound)
(Mixture (Only one is
of two ions) present)

|dentify mixture of ions (A) -
(A) NO, and Br- (B)NO, andI”  (C) NO, and NO, (D) None of these

SA0055
What is oxidation state of central atom of (D)
(A) +3 (B) +2 (C) +1 (D) Zero

SA0055
|dentify gas B-
(A) Br, (B) Br,+ NO, (C) NO, (D) None of these

SA0055
What isthe hybridisation of central atom of D-
(A) dPsp® (B) spd? (C) s°d (D) s

SA0055

Paragraph for Q. 18t0 Q. 20
Gently .
Unknown salt (M) + conc. H,SO, + K.Cr.0; —oaeg > Reddish brown (X)
vapour
Passed into
NaOH solution
Yellow ppt. (Z)<M Yellow solution (Y)
CH,COOH

Thesdt (M) idare-
(A) AgCl (B) NH,Cl + NaBr  (C) NaBr (D) CaCIO,),

SA0056
How many non axial d-orbitals are involved in hybridisation of central atom of compound (X)-
(A) 2 B) 3 <4 (D) None of these

SA0056
What isthe formula of yellow ppt (Z )-
(A) BaCrQ, (B) Na,CrQ, (C) Ag,Cro, (D) PbCrO,

SA0056
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CATIONS : DRY TEST
21.  Intheborax bead test of Co?*, the blue colour of bead is dueto the formation of:
(A) B,O, (B) Co,B, (C) Co(BO,), (D) CoO
SA0057
22.  Which of thefollowing leaves no residue on heating?
(A) Pb(NO,), (B) NH,NO, (C) Cu(NO,), (D) NaNO,
SA0058
23.  Which of thefollowing cationsis detected by the flame test?
(A) NH, (B)K* (C) Mg** (D) AI¥*
SA0059
24.  Whichmetal salt givesaviolet coloured bead in the borax bead test (oxidising flame, cold)?
(A) Fe? (B) Ni2* (C) Co?* (D) Mn?*
SA0060
25.  Thecompound formed in the borax bead test of Cu?* ionin oxidising flameis:
(A) Cu (B) CuBO, (C) Cu(BO,), (D) None of these
SA0061
26.  Inmicrocosmic salt bead test Co?* produce blue bead due to the formation of -
(A) Cu(BO,), (B) NaCoPO, (C) Co,(PO,(BO,) (D) NaPO,
SA0062
Paragraph for Q. 27 to0 Q. 30
Strongly
(H yd$§e2ﬁ salt) heated Eans_:'ﬁgm
glassy bead
180, g > C + D
27.  ldentify C-
(A) (BN), (B) NaPO, (©) B,O, (D) Mg(NH,)PO,
SA0063
28.  Find the number of water of crystalizationsin (A)-
(A) 4 (B)5 (C) 10 (D) 24
SA0063
29. How many X—O—X linkages are present in structure of A (X = central atom)-
(A) 4 (B)3 €5 (D)2
SA0063
¢ 30. Find the number of tetrahedral and trigonal planar unitsin structure of A -
(A) 2,1 (B) 2,2 (© 24 (D) 5,2
SA0063
WET TEST : GROUP - |
31. Mercurousionisrepresented as:
(A) Hg3" (B) Hg** (C)Hg+Hg* (D) Hy;
SA0064
4
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32.

33.

35.

36.

37.

38.

39.

40.

A white sodium salt dissolves readily in water to give asolution which isneutral to litmus. When
silver nitrate solution isadded to the solution, awhite precipitate is obtained which doesnot dissolve
indil. HNO,. The anion could be:

(A) cOZ (B)CI- (C) soz (D) =

SA0065

An agqueous solution of a substance gives a white ppt. on treatment with dil. HCI, which dissolves on
heating. When hydrogen sul phide is passed through the hot acidic solution, ablack ppt. is obtained. The
subgtanceisa

(A) Hg?* st (B) Cu?* salt (C)Ag* st (D) Pb?* salt

SA0066
A whiteppt obtained in aanalysisof amixture becomesblack on treatment with NH,OH. It may be
(A) PbCl, (B) AgCl (C) HyCl, (D) Hg,Cl,

SA0067

GROUP - 11

When bismuth chlorideispoured into alarge volume of water the white precipitate produced is
(A) Bi(OH), (B) Bi,O,4 (C) BiOCI (D) Bi,OCl,

SA0068
CuSO,, decolourises on addition of excess KCN, the product is
(A) [Cu(CN),]Z-
(B) Cu?* get reduced to form [Cu(CN),] >
(C) Cu(CN),
(D) CuCN

SA0069

When H,S gasis passed through the HCI containing aqueous solution of CuCl,,, HgCl,, BiCl; and
CoCl,,, it doesnot precipitate out:

(A) Cus (B) HgS (C) Bi,S; (D) CoS

SA0070
Which of thefollowing is solubleinyellow ammonium sulphide?
(A) Cus (B) CdS (C) SnS (D) PbS

SA0071

When excess of SnCl, is added to a solution of HgCl,,, awhite ppt turning grey is obtained. The :

grey colour isdueto the formation of
(A) Hg,Cl, (B) SnCl, (C) Sn (D) Hg

SA0072 :

On passing H,Sgasin I group sometimes the sol ution turns milky. It indicatesthe presence of
(A) oxidising agent (B) acidic salt (C) s-block cation (D) reducing agent.
SA0073

ALLEN .
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. ALLEN Salt Analysis
41.  Which fo the following yellow coloured sulphide isinsouble in yellow ammonium sul phide.
(A) SnS, (B) As,S; (C) Cds (D) Bi,S,
SA0074
42.  Type of sulphide ppt may be obtained in the group-I1 ppt during group anaysis.
(A) M,S, (B) MS (C) MS (D) MS,
SA0075
43.  Themetal ionwhichis precipitated when H,Sis passed with HCI:
(A) Zn?* (B) Ni2* (C) Cd?* (D) Mn?*
SA0076
GROUP - 111
44.  Inthe precipitation of the iron group in qualitative analysis, ammonium chloride is added before
adding ammonium hydroxideto
(A) decrease concentration of OH—ions.  (B) prevent interference by phosphateions.
(C) increase concentration of Cl—ions. (D) increase concentration of NH ions.
SAQ077
45.  If reddish brown ppt (only) isobtained in group-111 during group analysis, then oxidation state of
Fein the original sample may be
(A) +2 (B) +3 (C) +2 and +3 both (D) Neither +2 nor +3
SA0078
46.  If NH,Cl isnot added to the group-I11 reagent which of the following ppt could be obtained
(A) Cr(OH), (B) Fe(OH), (C) Mn(OH), (D) Mg(OH),
SA0079
47.  Inwhich of the following cases blue ppt is obtained
(A) Fe#* + [FE(CN) ]> — (B) Fe* + [FE(CN) ]* —
(C) Fe* + [Fe(CN) ]* — (D) Fe** + [Fe(CN), J* —c
SA0080
48.  What arethefollowing sepsareto be done beforeadding group-111 reagent into the group-11 filtrate.
(A) Group-II filtrate isto be evapourated to dryness
(B) Group-Il filtrate isto be boiled of first
(C) After boiling 2-3 drops of dil.H,SO, isadded and boiled again.
(D) After boiling 2-3 drops of HNO, is added and boiled again.
SA0081
49. A pdegreencrysdline meta salt of M dissolvesfredly in water. On standing it givesabrown ppt on

addition of agqueous NaOH. The metal salt solution also givesablack ppt on bubbling H,Sin basic
medium. An aqueous sol ution of themeta salt decol ourizesthepink colour of the permanganate solution.
Themetd inthemetd salt solutionis
(A) copper (B) duminium (©) lead (D) iron

SA0082
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59.

Which of the following compound on reaction with NaOH and Na,O,, gives yellow colour?
(A) Cr(CH), (B) Zn(OH), (C) Al(OH), (D) None of these
SA0083
GROUP - IV
Colour of nickel chloride solutionis
(A) pink (B) black (C) colourless (D) green
SA0084
Dimethyl glyoxime in a suitable solvent was refluxed for 10 minutes with pure pieces of nickel
shest, it will resultin

(A) Red ppt (B) Blue ppt. (C) Yellow ppt. (D) No ppt.

SA0085
Which one of the following does not produce metallic sulphide with H,S?
(A) ZnCly(Neutral sol")  (B) CdCl,,, (C) CoCly (D) CuClyy

SA0086
Whichisnot dissolved by dil HCI?
(A) ZnS (B) MnS (C) BaSO, (D) BasO,

SA0087

GROUP -V

In 111 group, NH,Cl is added to decrease concentation of hydroxideion by NH,OH. We do not add
(NH,),SO, along with NH ,OH because -

(A) (NH,),SO, isinsolubleinwater (B) It precipitate other insol uble sul phates
(C) Itisweak electrolyte (D) None of these
SA0088
GROUP - VI
A metal isburnt in air and the ash on moistening smells of ammonia. Themetal is
(A) Na (B) Fe (C) Mg (D) Al
SA0089

A metal X" on heating in nitrogen gas gives'Y" . "Y' on treatment with H,O gives acolourless gas
which when passed through CuSO,, solution givesablue colourY is:
(A) Mg(NO,), (B) Mg;N, (C) NH, (D) MgO
SA0090
MISCELLANEOUS
Na,HPO, + Reagent ‘M’ — white ppt. Thereagent ‘M’ is -
(A) BaCl, solution (B) AICI, solution (C) MnSO, solution (D) FeCl, solution

SA0091 :
A whitesolid isfirst heated with dil H,SO, and then with conc. H,SO,,. No action was observed in

either case. The solid salt contains
(A) sulphide (B) sulphite (C) thiosulphate (D) sulphate
SA0092
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. ALLEN Salt Analysis
60. A mixtureof chloridesof copper, cadmium, chromium, iron and aluminium wasdissolved in water

acidified with HCI and hydrogen sulphide gaswas passed for sufficient time. It wasfiltered, boiled
and afew drops of nitric acid were added while boiling. To this solution ammonium chloride and
sodium hydroxide wereadded in excessand filtered. Thefiltrate shall givetest for

(A) sodiumandironion (B) sodium, chromium and aluminiumion
(C) duminiumandironion (D) sodium, iron, cadmium and aluminiumion
SA0093

61. InNesder'sreagent, theion presentis:
(A) Hgl* (B) Hgl;™ (C) Hg" (D) Hg**
SA0094
62. The cations present in slightly acidic solution are Fe3*, Zn?* and Cu?*. The reagent which when
added in excessto this solution would identify and separte Fe3* in one stepiis:
(A) 2M HCI (B) 6 M NH, (C) 6 M NaOH (D) H,Sgas
SA0095
63.  Intheseparation of Cu?* and Cd2* in 2" group qualitative analysisof cation, tetrammine copper (I1)
sulphate and tetrammine cadmium (1) sulphate react with KCN to form the corresponding cyano
complexes. Which one of thefollowing pairs of the complexesand their relative sability enablesthe
separation of Cu?* and Cd?*?
(A) K5[Cu(CN),] more stable and K,[Cd(CN),] less stable.
(B) K,[Cu(CN),] less stable and K,[Cd(CN) ] more stable.
(C) K,[Cu(CN),] more stable and K,[Cd(CN),] less stable.
(D) K5[Cu(CN),] less stable and K,[Cd(CN),] more stable.
SA0096
64.  Which one hasthe minimum solubility product?
(A) AgCl (B) AICI, (C) BaCl, (D) NH,CI
SA0097
65.  Which of thefollowing sulphateisinsolublein water?
(A) CuSO, (B) CdSO, (C) PoSO, (D) Bi,(SO,),
SA0098
66.  Which of the following givesblood red colour with KSCN?
(A) Cu?* (B) Fe3* (C)AIR* (D) Zn?*
SA0099
67.  Whichoneof thefollowing metal sul phide hasmaximum solubility in water?
(A) HgS, K, =104 (B) Cds, Kspzlcr?’o
(C) FeS, K, =100 (D) ZnS, Kspzlcr22
SA0100
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70.

ALLEN .
Identify the correct order of solubility of Na,S, CuSand ZnSin agueousmediumis:
(A) CuS>ZnS> Na,S (B) ZnS> Na,S>CuS
(C) Na,S>CuS>7ZnS (D) Na,S>ZnS > CuS
SA0101
Match the column -
Column-I Column-I1
(Element) (Correct characteristics)
(A) Ba (P) cation in solution produces brick red ppt. with CrO,*
(B) Pb (Q) cation in solution produces yellow ppt .with CrO,*
(© Ag (R) corresponding salt produces apple green colour in
theflametest
(D) Ca (S) corresponding salt produces brick red colour in the
flametest
(T) cation in solution produces no ppt. with CrOf‘ ion
SA0102
Column-I Column-I
Cation in solution Correct characteristicswhen no wher e excessreagent
isused
(A)Ag' and Po?* (P) canbedistinguished by Na,HPO, solution
(B) Zn?* and Mg?* (Q) canbedistinguished by dil. HCI
(C) Pb** and Hg,** (R) canbedigtinguished by K1 solution
(D) Ag* and Fe** (S can not be distinguished by NH,OH solution
SA0103

The following column 1, 2, 3 represent the various tests carried out for identification of various
group basic radicals, using various reagentsand nature of reaction/properties of products observed.
Answer thequestionsthat follow

Column-1 - Cations/Basic Radical

Column-2 - Excess Reagent used with cation

Column-3 - Natur e of Reaction/Propertiesof product formed

Column-1 Column -2 Column -3
Cations [Excess Reagent Nature of Reaction/
used with cation| Properties of product formed
(1) cu” (i) KI(<6M) |(P) Reduction of cation occurs
(I1) Fe™ (i) K,[Fe(CN),|(Q) Coloured complex formation
(I11) Pb* (iii) KCN (R) Precipitation occurs
(IV) Ni* (iv) NH,OH (S) Diamagnetic & square planar

complex formation
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71. Foragroup-ll basicradical, which isthe only INCORRECT combination?
(A) (1), (), (P) (B) (IV), (i), (§) (O (1), (iv), (R) (D) (111), (iii), (R)
SA0104
72. Foragroup-1V basicradical, which isthe only CORRECT combination?
(A) (1), (iv), (S) (B) (IV), (iii), (P (©) (1), (iv), (Q) (D) (IV), (iv), (Q)
SA0104
73.  Which combination hasaentirely different colour from others?
(A) (IV), (iv), (Q) (B)(1).(v), (Q) (©) (1), (i), (Q) (D) (1), (1), (Q)
SA0104
74. How many of the following gives green ppt.
(i) CrCl, + NaOH — (ii) CrCl, + excessNaOH —
(iii) NiCl,, + excessNaOH — (iv) NiCl,, + excessNH,OH —
(v) Hg,** + Kl —
SA0104
75.  Find the no. of cation which gives white ppt with K [Fe(CN) ]
Sr?t Ca?*, Zn*, Fe*" , Cu?*
SA0104
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EXERCISE # JEE MAINS

1

Which products are expected from the disproportionation of hypochlorous acid :[AlEEE-2002]
(1) HCIO, and CLLO (2) HCIO, and HCIO  (3) HCl and CI,O (4) HCl and HCIO,
SA0105

A metal M readily formsitssul phate M SO, whichiswater soluble. It forms oxide M O which becomes
inert on heating. It forms insoluble hydroxide which is soluble in NaOH. The metal M is:-

[AIEEE-2002]

(1) Mg (2) Ba (3) Ca (4) Be

SA0106
Which statement iscorrect :- [AIEEE-2003]
(1) Fe’* ions give deep green precipitate with K [Fe(CN) ]
(2) On heating K*, Ca** and HCO; ions, we get a precipitate of K [Ca(CO,),]
(3) Manganese saltsgive aviolet borax bead test in reducing flame
(4) From amixed precipitate of AgCl and Agl ammonia solution dissolvesonly AgCl

SA0107
What would happen when a solution of potassium chromate is treated with an excess of dilute
nitric acid - [AIEEE-2003]
(1) Cr* and Cr,0% are formed (2) Cr,02" and H,O are formed
(3) Cr,02 isreduced to +3 state of Cr (4) Cr,02 isoxidised to +7 state of Cr

SA0108
Ammoniaformsthe complex ion [Cu(NH,) 4]2+With copper ionsin dkaline solutionsbut not in acidic
solution. What is the reason for it :- [AIEEE-2003]

(1) In acidic solutions hydration protects copper ions

(2) In acidic solutions protons coordinate with ammonia molecules forming NH; ions and NH,
molecules are not available
(3) Indkdine solutions insoluble Cu(OH), is precipitated which is soluble in excessof any dkadi

(4) Copper hydroxide is an amphoteric substance

SA0109 1
Excess of Kl reacts with CuSO, solution and then Na,S,0, solution is added to it. Which of the
statementsisincorrect for thisreaction : [AIEEE-2004]
(1) Evolved 1, is reduced (2) Cul, isformed
(3) Na,S,0, is oxidised (4) Cu,l, isformed

SA0110
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7.  Caomel on reaction with NH,OH gives [AIEEE-2004]
(1) HgNH,CI (2) NH,Hg-Hg-Cl (3) Hg,O (4) HgO
SA0111
8.  Onemole of magnesium nitride on reaction with excess of water gives :- [AIEEE-2004]
(1) Two mole of HNQ, (2) Two mole of NH,
(3) 1 mole of NH, (4) 1 mole of HNO,
SA0112
9.  The products obtained on heating LiNO5 will be :- [AIEEE-2011]
(1) LINO, + O, (2) Li,O + NO, + O,
(3) LisN + O, (4) Li,O+ NO + O,
SA0113
10. What isthe best description of the change that occurs when Na,O(s) is dissolved in water ?
(1) Oxidation number of sodium decreases [AIEEE-2011]
(2) Oxide ion accepts sharing in a pair of electrons
(3) Oxide ion donates a pair of electrons
(4) Oxidation number of oxygen increases
SA0114

11.  Which of the following on thermal-decomposition yields a basic as well as an acidic oxide ?
[AIEEE-2012]
(1) NH,NO;4 (2) NaNO4 (3) KCIO4 (4) CaCO,
SA0115
12. The correct statement for the molecule, Csl, is: [JEE(Main)-2014]
(2) it contains Cs3* and |- ions (2) it contains Cs*, 1~ and lattice |, molecule
(3) itisacovaent molecule (4) it contains Cs* and | ions
SA0116
13. A metal M on heating in nitrogen gasgivesY.Y on treatment with H,O givesacolourlessgaswhich
when passed through CuSO,, solution givesabluecolour, Y is:- [JEE(Main)-2012 online P-
4]
(1) NHg (2) MgO (3) Mg5N, (4) Mg(NOy),
SA0117
14. Potassium dichromate when heated with concentrated sulphuric acid and a soluble chloride, gives
brown - red vapours of : [JEE(Main)-2013 online_P-1]
(1) CrO, (2) Cr,0, (3) CrCl, (4) CrO.Cl,
SA0118
15.  Sodium Carbonate cannot be used in place of (NH,), CO, for the identification of Ca#*, Ba** and
Srz*ions (in group V) during mixture analysis because : [JEE(Main)-2013 online_P-
1]
(1) Sodium ionswill react with acid radicals
(2) Concentration of CO32' ionsisvery low
(3) Mg* ionswill also be precipitated
(4) Na ions will interfere with the detection of Ca?*, Ba?*, Sr?* ions
SA0119
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16.

17.

18.

19.

20.

21.

Which of the following statementsisincorrect? [JEE(Main)-2013 online P-2]
(D Fe?*ionalso givesblood red colour with SCN™ion

(2) Cupricion reactswith excess of ammoniasol ution to give deep blue colour of [Cu (NH,),]** ion.
(3) Fe** ion givesblood red colour with SCN-ion.

(4) On passing H,Sinto Na, ZnO,, solution, a white ppt of ZnS is formed.

SA0120
| dentify incorrect statement [JEE(Main)-2013 online P-3]
(1) Copper (I) compounds are colourless except where colour results from charge transfer
(2) Copper (1) compounds are diamagnetic
(3) Cu,S is black
(4) Cu,O is colourless

SA0121
Which one of the following cannot function as an oxidising agent 2JJEE(M ain)-2013 online_P-4]
(1) NO; (a0) @1 (3) Cr, 0 @ Sg

SA0122

Which of the following statements about Na,O, is not correct ? [JEE(Main)-2014 online_P-2]
(1) Na,0O, oxidises Cr3* to CrO,2 in acid medium
(2) It isdiamagneticin nature
(3) Itisthesuper oxide of sodium
(4) It isaderivative of H,0,

SA0123
Consider the following equilibrium [JEE(Main)-2014 online _P-2]
AgCHN+2NH, —=[Ag(NH,),]" +CI"
White precipitate of AgCl appears on adding which of thefollowing?
(1) NH4 (2) Aqueous NaCl (3) Aqueous NH,CI (4) Aqueous HNO4
SA0124
Consider thereaction [JEE(Main)-2014 online_P-4]
H,SO04aq) +SN(agy +Hy0() = SNy +HSOj ) +3H o)
Which of the following statementsis correct?
(1) H,SO4 isthe reducing agent becauseit undergoes oxidation
(2) H,SO4 isthe reducing agent becauseit undergoes reduction
(3) Sn** isthe reducing agent because it undergoes oxidation
(4) sSn** isthe oxidizing agent because it undergoes oxidation
SA0125
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22.

23.

24,

25.

26.

27.

28.

Amongst the following, identify the species with an atom in +6 oxidation state :
[JEE(Main)-2014 online_P-4]

(1) [MnO,]- (2) [Cr(CN)gl3- (3) Cr,04 (4) CrOCl,

SA0126
The hottest region of Bunsen flame shown in the figure below is: [JEE(Main)-2016]
(1) region 4 o
(2) region 1 | s
(3) region 2
(4) region 3

SA0127

Sodium extract is heated with concentrated HNO; before testing for halogens because :

(1) & and CN7, if present are decomposed by conc. HNO; and hence do not interfere in the test.
(2) Ag reacts faster with halides in acidic medium [JEE(Main)-2016 onling]
(3) Ag,S and AgCN are soluble in acidic medium.

(4) Silver halidesaretotally insoluble in nitric acid.

SA0128
In the following reactions, ZnO is respectively acting as a/an :
(& ZnO + Na,0 —» Na,ZnO, (b) ZnO + CO, —» ZnCO; [JEE(Main)-2017 off lin€]
(1) base and acid (2) base and base (3) acid and acid (4) acid and base

SA0129
The products obtained when chlorine gas reacts with cold and dilute aqueous NaOH are :-
(1) ClIO and CIO,; (2) co, and clo;  [JEE(Main)-2017 off ling]
(3) CI"and CIO™ (4) CI" and cIo;

SA0130

Sodium salt of an organic acid 'X' produces effervescence with conc. H 2804. X" reacts with the
acidified agueous CaCl 5 solution to give awhite precipitate which decolourises acidic solution of
KMnO4. X"is:- [JEE(Main)-2017 off lin€]
QC 6H5COONa (2) HCOONa (3 CH 3COONa 4 Na2C 204

SA0131
A solution containing agroup-1V cation givesa precipitate on passing H,S. A solution of thisprecipitate
indil. HCI produces awhite precipitate with NaOH solution and bluish-white precipitate with basic
potassium ferrocyanide. The cation is: [JEE(Main)-2017 on ling]

(1) Mn2+ (2) Zn2+ (3) Ni2* (4) Co2+
SA0132

Salt Analysis
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29.

30.

31.

32.

33.

Which of the following ions does not liberate hydrogen gas on reaction with dilute acids?
(1) Tiz+ (2) Crz+ [JEE(Main)-2017 on lin€]
(3) Mn2* (4) v+

SA0133

When meta 'M' istreated with NaOH, awhite gelatinousprecipitate X' isobtained, whichissoluble
in excess of NaOH. Compound 'X' when heated strongly gives an oxide which is used in
chromatography as an adsorbent. The metal 'M' is [JEE(M ain)-2018 off lin€]

(1) Ca ) Al (3) Fe (4) Zn
SA0134

A white sodium salt dissolves readily in water to give a solution which is neutral to litmus. When
silver nitrate solution is added to the af orementioned sol ution, awhite precipitate isobtained which

does not dissolve in dil. nitric acid. The anionis: [JEE(Main)-2018 on ling]
1) & (2) SO~ (3) COz= 4 Cl-

SA0135
Theincorrect statement is :- [JEE(Main)-2018 on ling]

(1) Ferriciongiveshblood red colour with potass um thiocyanate.
(2) Cu2* and Ni2* ionsgiveblack precipitate with H,Sin presenceof HCI solution.
(3) Cu?* saltsgivered coloured borax bead test in reducing flame.
(4) Cu2* ion gives chocolate coloured precipitate with potassium ferrocyanide solution.
SA0136

When X O, isfused with an alkali metal hydroxidein presence of an oxidizing agent such asKNOj;
adark green product is formed which disproportionates in acidic solution to afford a dark purple
solution. X is: [JEE(Main)-2018 on ling]

@Ti (2) Cr (€)Y (4) Mn
SA0137

ALLEN .
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EXERCISE#J-ADVANCED

Which of thefollowing statement(s) is (are) correct with referenceto theferrousand ferricions:
(A) Fe3* gives brown colour with potassium ferricyanide [JEE 1998]
(B) Fe** gives blue precipitate with potassium ferricyanide
(C) Fe** givered colour with potassium thiocyanate
(D) Fe2* gives brown colour with ammonium thiocyanate

SA0138

Which of thefollowing statement(s) is/are correct. When amixture of NaCl and K.,Cr, O isgently
warmed with conc. H,SO,? [JEE 1998]

(A) A deep red vapoursis evolved.
(B) The vapours when passed into NaOH solution gives ayellow solution of Na,CrO,
(C) Chlorine gasisevolved
(D) Chromyl chlorideisformed.
SA0139

An agueous solution of asubstance gives awhite precipitate on treatment with dilute hydrochloric
acid, which dissolveson heating. When hydrogen sulphideis passed through the hot acidic solution,
ablack precipitate is obtained. The substanceisa: [JEE 2000]

(A) Hg; salt (B) Cr2* salt (C)Ag* sdlt (D) Pb2* salt

SA0140

A gas‘ X’ ispassed through water to form a saturated solution. The agueous sol ution on treatment
with slver nitrate givesawhite precipitate. The saturated agueous sol ution al so di ssolves magnesium

ribbon with evolution of acolourlessgas‘Y'. Identify ‘X’ and*Y’: [JEE 2002(M ains)]
(A) X =CO,, Y =Cl, (B) X =Cl,, Y = CO,
(C)X =Cl,Y =H, (D) X =H,,Y =Cl,

SA0141
[X] + H,SO, — [Y] acolourlessgaswithirritating smell [JEE 2003]

[Y] + K,Cr,0O, + H,SO, —— green solution
[X]and[Y] are:
(A) SO5 ™, SO, (B) CI, HCI (C) $*,H,S (D) Co;5 ™, CO,
SA0142

Salt Analysis
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6.

10.

11.

12.

A sodium salt of an unknown anion when treated with MgCl,, give white precipitate only on boiling.

Theanionis: [JEE 2004]
(A) so;” (B) HCO; (C) coz™ (D) NO3

SA0143
(NH,),Cr,O, on heating gives agas which is also given by: [JEE 2004]
(A) heating NH,NO, (B) heating NH,NO,
(C) Mg;N,, + H,0 (D) NaNO, + H,0,

SA0144
A metal nitrate reactswith Kl to give ablack precipitate which on addition of excessof KI convert
into orange colour solution. The cation of meta nitrateis: [JEE 2005]
(A) Hg?* (B) Bid* (C) Po?* (D) Cu*

SA0145

A solution when diluted with H,O and boiled, it gives a white precipitate. On addition of excess
NH,CI/NH,OH, thevolume of precipitate decreases|eaving behind awhite gelainous precipitate.

|dentify the precipitate which dissolvesin NH,OH / NH ,,Cl. [JEE 2006]
(A) Zn(OH),, (B) Al(OH), (C) Mg(CH), (D) Ca(OH),,

SA0146
CuSO,, decolourises on addition of excess KCN, the product is: [JEE 2006]
(A) [Cu(CN),1* (B) Cu?* get reduced to form [Cu(CN),]*-
(C) Cu(CN), (D) CuCN

SA0147

Congder atitration of potassum dichromate solution with acidified Mohr’s salt solution using
diphenylamineasindicator. The number of molesof Mohr’ ssalt required per mole of dichromateis:

[JEE 2007]
(A)3 (B) 4 ()5 (D)6
SA0148
The species present in solution when CO, is dissolved in water are [JEE 2007]
(A) CO,,H,CO,,HCO;,CO% (B) H,CO,,CO3%"
(C) CO3 ,HCO; (D) CO,,H,CO,
SA0149

ALLEN .
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13.  Sodium fusion extract, obtained from aniline, on treatment with iron (I1) sulphate and H,SO, in

14.

15.

16.

17.

presence of air givesaPrussian blue precipitate. The blue colour isdueto the formation of :
[JEE 2007]
(A) Fe,[FE(CN)4l, (B) Fe;[Fe(CN) ],
(C) Fe,[FE(CN) ], (D) Fej[FE(CN)4l,
SA0150
Column Column 11 [JEE 2007]
(A) O, »> O, + O, (P) Redox reaction
(B) CrO, > + H* > (Q) Oneof theproductshastrigona planar structure
(C) MnO, +NO, +H*—> (R) Dimeric bridgedtetrahedral metal ion
(D) NO, + H,SO, + Fe?* — (S) Disproportionation
SA0151
A solution of ametal ion when treated with K1 givesared precipitate which dissolvesin excessKI
to give a colourless solution. Moreover, the solution of metal ion on treatment with a solution of
cobalt (11) thiocyanate givesriseto adeep blue crystalline precipitate. Themetal ionis
[JEE 2007]
(A) Pb?* (B) Hg?* (C) Cu?* (D) Co?*
SA0152

A solution of colourlesssalt H on boiling with excess NaOH produces a non-flammable gas. The
gas evol ution ceases after sometime. Upon addition of Zn dust to the same solution, the gasevolution
regarts. The colourlesssdt(s) His(are) [JEE 2008]

(A) NH,NO, (B) NH,NO, (C) NH,CI (D) (NH,),SO,
SA0153

Paragraph for Question Nos. 17to 19

p-Amino-N, N-dimethylaniline is added to astrongly acidic solution of X. Theresulting solution is
treated with a few drops of agueous solution of Y to yield blue coloration due to the formation of
methylene blue Treatment of the agqueoussolution of Y with the reagent potass um hexacyanoferrate(l1)
leadsto the formation of an intense blue precipitate. The preci pitate dissolves on excessaddition of the
reagent. Similarly, treatment of the solution of Y with the solution of potassium hexacyanoferrate(l 1)
leads to abrown coloration due to the formation of Z. [JEE 2009]

The compound X is
(A) NaNO, (B) NaCl (C) Na,SO, (D) Na,S
SA0154
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19.

20.

21.

22.

23.

24,

25.

The compound Y is

(A) MgCl, (B) FeCl, (C) FeCl, (D) znCl,,
SA0154
The compound Z is
(A) Mg,[Fe(CN),] (B) Fe[FE(CN)] (C) Fe,[Fe(CN)]; (D) K,Zn[Fe(CN)gl,
SA0154

Match each of the reactions given in Column | with the corresponding product(s) given in
Columnll.

Column | Column 1 [JEE 2009]
(A) Cu + dil. HNO, (P) NO
(B) Cu + conc. HNO, (Q) NO,
(C) Zn +dil. HNO, (R) N,O
(D) Zn + conc. HNO, (S) Cu(NO,),
(T) Zn(NOy),

SA0155
Passing H,S gasinto amixture of Mn*, Ni**, Cu*" and Hg* ionsin an acidified agueous solution
precipitates [JEE 2011]
(A) CuS and HgS (B) MnS and CuS (C) MnS and NiS (D) NiS and HgS

SA0156
Reduction of the metal centre in agueous permanganate ion involves - [JEE 2011]
(A) 3 electrons in neutral medium (B) 5 éectronsin neutral medium
(C) 3 electrons in weak alkaline medium (D) 5 éectrons in acidic medium

SA0157
Theequilibrium [JEE 2011]

2Cu — cu’+ Cu"

in agueous medium at 25°C shifts towards the left in the presence of
(A) NO; (B) CI (C) SCN™ (D) CN™

SA0158

Paragraph for Questions Nos. 24 to 26

When ametal rod M is dipped into an aqueous colourless concentrated solution of compound N,
the solution turns light blue. Addition of agueous NaCl to the blue solution gives a white
precipitate O. Addition of agueous NH, dissolves O and gives are intense blue solution. [JEE 2011] ;

The meta rod M is -

It Analysis, Heating Effect & s, d-Bock\Eng\() Salt Analysis. p65

(A) Fe (B) Cu (C) Ni (D) Co
SA0159 :

The compound N is -

(A) AgNO, (B) Zn(NO,), (C) AI(NO,), (D) Pb(NO,), g
SA0159 ¢
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26.  The final solution contains -
(A) [Pb(NH,),]* and [CoCl,]* (B) [AI(NH,),]* and [Cu(NH,),]**
(©) [Ag(NH,),]* and [Cu(NH,)]* (D) [Ag(NH,),]" and [Ni(NH,)J*
SA0159
27. Whichof thefollowing hydrogen halidesreact(s) with AQNO,(ag) to giveaprecipitate that dissolves
in Na,S,0,(aq): [JEE 2012]
(A) HCI (B) HF (C) HBr (D) HI
SA0160
28.  The reaction of white phosphorus with agueous NaOH gives phosphine along with another
phosphorus containing compound. Thereaction type ; the oxidation states of phosphorusin phosphine
and the other product are respectively [JEE 2012]
(A) redox reaction ; =3 and -5 (B) redox reaction ; +3 and +5
(C) disproportionation reaction ; =3 and +1 (D) disproportionation reaction ; -3 and +3
SA0161
29.  For the given agueousreactions, which of the statement(s) is(are) true ? [JEE 2012]
excess Kl + K,[Fe(CN),] M» brownish-yellow solution
12n304
white precipitate + brownish-yellow filtrate
lN@&og
colourless solution
(A) Thefirst reaction isaredox reaction.
(B) White precipitateisZn [Fe(CN) ..
(C) Addition of filtrate to starch solution gives blue colour.
(D) White precipitateis solublein NaOH solution.
SA0162
30.  Upon treatment with ammonical H,S , the metal ion that precipitates as a sulfide is -
(A) Fe(l11) (B)Al(I11) (C) Mg(ll) (D)Zn (1)  [JEE 2013]
SA0163
4
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31

32.

33.

35.

Paragraph for Question 31 and 32
An aqueous solution of a mixture of two inorganic salts, when treated with dilute HCI, gave a
precipitate (P) and afiltrate (Q). The precipitate (P) wasfound to dissolvein hot water. Thefiltrate
(Q) remained unchanged, when treated with H,S in a dilute mineral acid medium. However, it
gave a precipitate (R) with H,S in an ammoniacal medium. The precipitate R gave a coloured

solution (S), when treated with H,0, in an agueous NaOH medium. [JEE 2013]
The coloured solution (S) contains
(A) Fe,(SO,), (B) CusSO, (C) ZnsO, (D) Na,CrQ,
SA0164
The precipitate (P) contains
(A) PO** (B) H;" (C)Ag’ (D) Hg”
SA0164
Consder thefollowing list of reagents: [JEE Adv. 2014]
Acidified K Cr,O,, akaine KMnO, CuSO,, H,0O,, Cl,, O,, FeCl,, HNO, and Na,S,0,.
The total number of reagents that can oxidise aqueous iodide to iodine is
SA0165
Among PbS, CuS, HgS, MnS, Ag,S, NiS, CosS, Bi,S, , and SnS, the total number of BLACK
coloured sulphidesis [JEE Adv. 2014]
SA0166

Paragraph for Q.No. 35 and 36
An agueoussolutionof metal ion M, reacts separately with reegents Q and R in excessto givetetrahedral
and square planar complexes, respectively. An agueous sol ution of another metal ion M, awaysforms
tetrahedral complexeswith thesereagents. Aqueous solution of M, onreaction with reagent Sgiveswhite
precipitate which dissol vesin excess of S. The reactionsare summarized in the scheme given below.
[JEE Adv. 2014]

SCHEME:
- Q »

Tetrahedral <«———M, —cass> Square planar
Tetrahedral < excess M2 —excess” | etrahedral

S, stoichiometric amount

: . S . :
W hite precipitate —axcess” precipitate dissolves

M., Q and R, respectively are
(A) Zn*", KCN and HCI (B) Ni**, HCl and KCN
(C) Cd** , KCN and HCl (D) Co™, HCl and KCN

SA0167
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. ALLEN Salt Analysis
36. Reagent Sis
(A) K,[Fe(CN) ] (B) Na,HPO, (C) K.Cro, (D) KOH
SA0167
37. Fe¥is reduced to Fe" by using - [JEE Adv. 2015]
(A) H,O, in presence of NaOH (B) Na,O, in water
(C) H,O, in presence of H,SO, (D) Na,O, in presence of H,SO,
SA0168
38. The pair(s) of ions where BOTH the ions are precipitated upon passing H,S gas in presence of
dilute HCI, is(are) [JEE Adv. 2015]
(A) Ba™, zn** (B) Bi*, Fe* (C) Cu™, Po™ (D) Hg™, Bi*
SA0169
39. Thereagent(s) that can selectively precipiate S from amixture of S* and SO,” in agueous soltuion
is(are) : [JEE(Adv.)-2016]
(A) CuCl, (B) BaCl, (C) Pb(OOCCH,), (D) Na[Fe(CN).NO]
SA0170
40. In the following reaction sequence in agueous soluiton, the species X, Y and Z respectively,
are - [JEE(Adv.)-2016]
50 Ag’ > X Ag’ sy With time>
clear white black
solution precipitate precipitate
(A) [A(S,0,),]°,Ag,S,0, Ag,S (B) [Ag(S,0,),]” , Ag,SO,, Ag,S
(©) [Ag(SO),]", Ag,S,0, Ag (D) [Ag(SO,) ™, Ag,SO,, Ag
SA0171
41.  Which of the following combination will produce H, gas ? [JEE(Adv.)-2017]
(A) Zn metal and NaOH(aq) (B) Au metal and NaCN(aqg) in the presence of air
(C) Cu metal and conc. HNO, (D) Fe metal and conc. HNO,
SA0172
42.  Addition of excess agueous ammoniato apink coloured agueous solution of MCl,,. 6H,0 (X) and

NH,Cl givesan octahedral complex'Y inthe presence of air. In agueous solution, complexY behaves
as1: 3eectrolyte. Thereaction of X with excess HCI at room temperature resultsin the formation
of ablue coloured complex Z. The calculated spin only magnetic moment of X and Zis3.87 B.M.,
whereasit iszero for complex . JEE(Adv.)-2017]
Among the following options, which statementsis(are) correct ?
(A) The hybridization of the central metal ioninY isd’sp’
(B) Z is tetrahedral complex
(C) Addition of silver nitratetoY givesonly two equivalentsof silver chloride
(D) When X and Z are in equilibrium at 0°C, the colour of the solution is pink

SA0173
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43.

44,

The correct option(s) to distinguish nitrate salts of Mn** and Cu™* taken separately is (are) :-
(A) Mn** shows the characteristic green colour in the flame test JEE(Adv.)-2018]
(B) Only Cu™ shows the formation of precipitate by passing H,S in acidic medium
(C) Only Mn* shows the formation of precipitate by passing H,S in faintly basic medium
(D) Cu™/Cu has higher reduction potential than Mn*/Mn (measured under similar conditions)
SA0174
The green colour produced in the borax bead test of a chromium(l11) salt is due to-
[JEE(Adv.)-2019]
(1) Cr(BO,), (2) CrB (3) Cr(B,0), (4) Cr.0,
SA0175
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. ALLEN Salt Analysis
ANSWER KEY

EXERCISE #1
1. (A) 2. (C) 3. (C) 4. (D) 5. (D) 6. (A,B)
7.(A) > R,S; (B) > Q; (C) > P,Q,ST: (D) > P,Q,ST 8. (1)
9. (D) 10. (D) 11. (C) 12. (D) 13. (B) 14. (C) 15. (B)
16. (A) 17. (C) 18. (B) 19. (B) 20. (D) 21. (C) 22. (A)
23. (B) 24. (B) 25. (D) 26. (B) 27. (C) 28.(AB) 29 (A)
30. (C) 31. (2) 32. (4) 33.(2) 34. (D) 35. (B) 36. (D)
37. (C) 38. (C) 39.(C,D)  40.(B) 41. (B) 42. (D) 43. (D)
EXERCISE #11
1. (B) 2.(C) 3.(C) 4. (A) 5. (B) 6. (B) 7.(B)
8. (B) 9. (B) 10. (D) 11. (B) 12. (B) 13. (A,B,C,D) 14. (C)
15. (C) 16. (C) 17. (B) 18. (B) 19. (B) 20. (D) 21. (C)
22.(B) 23. (B) 24. (D) 25. (C) 26. (B) 27.(C) 28. (C)
29. (C) 30. (B) 31. (A) 32. (B) 33. (D) 34. (D) 35. (C)
36. (B) 37.(D) 38. (C) 39. (D) 40. (A) 41. (C) 42. (A,C,D)
43.(C) 44. (A) 45.(AB,C) 46.(B,CD) 47.(A,CD) 48 (BD)  49.(D)
50. (A) 51. (D) 52. (D) 53.(A,C)  54.(D) 55. (B) 56. (C)
57. (B) 58.(A,B)  59.(D) 60. (B) 61. (B) 62. (B) 63. (A)
64. (A) 65. (C) 66. (B) 67.(C) 68. (D)
69.(A)>Q,R;(B)>Q: (C)>P; (D)>S,T 70.(A)>P; (B)>S: (C)>R; (D)>Q,R
71. (B) 72.(D) 73.(C) 74.(3) 75.(2)
EXERCISE # JEE MAINS
1. (4) 2. (4) 3.(4) 4.(2) 5.(2) 6.(2) 7.(1)
8.(2) 9.(2) 10. (3) 11. (4) 12. (4) 13.(3) 14. (4)
¢ 15.(3) 16. (1) 17. (4) 18.(2) 19. (3) 20. (4) 21. (1)
L 22.(8) 23.(3) 24. (1) 25. (4) 26. (3) 27.(4) 28. (2)
§ 20.(3) 30. (2) 31. (4) 32.(2) 33.(4)
EXERCISE #J-ADVANCED
i 1.(A,B,C) 2.(A,B,D) 3.(D) 4.(C) 5.(A) 6. (B) 7.(A)
¢ 8.(B) 9. (A) 10. (B) 11. (D) 12. (A) 13. (A)
S 14.(A)>P,S;(B)>R;(C)>P,Q;(D)>P 15. (B) 16.(A),(B)  17.(D)
| 18.(C) 19. (B) 20. (A) > P,S; (B) > Q,S; (C) > RT:(D)>Q, T 21. (A)
. 22.(ACD) 23.(B,C,D) 24.(B) 25. (A) 26. (C) 27.(A,C,D) 28.(C)
: 29.(A,C,D) 30.(D) 31. (D) 32.(A) 33.(7) 34.(6)/(7) 35.(B)
36. (D) 37.(A,B) 38.(C,D) 39.(AORA,C) 40. (A) 41. (A)

42. (AB,D) 43.(BD)  44. (1)
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I JEE-Chemistry ALLEN .
HEATING EFFECT

1. HEATING EFFECT OF CARBONATE & BICARBONATE SALTS :

(a) Heating effect of carbonate salts:

Metal carbonate 4, metal oxide + CO,T
(i) MCO, —— MO +CO,[M = Be, Mg, Ca, Sr, Bal

(i) MgCO, —— MgO + CO,
iy Cu(OH), CuCO; 4 ocuo + Co, + H,0

Basic Cu(ll) carbonate (black)

high
tem perature

Cu,0 + 0,
(red)

(iv) ZnCO, —2 5 ZnO  +CO,
white Yellow(hot)
white(cold)

(v) Ppco, —2, PO, o,

(vi) Li,CO; —2 Li,O+ CO,

(vii) (NH,),CO, —2—>2NH, + H,O0+ CO, Very Important

350°C

Pb,0,+ COT + CO,T + H,0T

(viii)| Pb(OH),.2PbCO,

White lead
700-800°C

Bunsen burner
temperature

> 3PbO + 2CO,T + H,0T

(ix) All carbonates except (Na, K, Rb, Cs) decompose on heating giving CO,

(x) Carbonates sdlts of (Na, K, Rb, Cs) do not decompose on heating, they are melt on high
temperature.

(xi) Oxidesof heavier metalsarelessstable so further decompose into metal & oxygen

Black

(xii) Ag.CO; —252Ag+CO, +20

(yellowish white)

1
(xi) HJCO, —— Hg + 50,1 +co,
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(b) Heating effect of bicarbonate :

(i) Metal bicarbonate —2— metal carbonate + CO,T
except (Na, K, Rb, Cs)

metal oxide + CO,
(ii) [General reaction 2HCO} NN CO32_ +H,0 + CO,]
(iii) All bicarbonates decompose to give carbonates and CO,. eg.
(iv) 2NaHCO, —*—Na,CO, + CO, + H,0

(v) Mg(HCO,), —*—>MgO + 2CO, + H,0

2. HEATING EFFECT OF HYDRATED SULPHATE SALTS :

@) Metal Sulphate —2—» Metal Oxide + SO, e 1
(M=Be,Zn,Mg,Ca,Cu,Pb) T 800°C |—>/2cuzo + 70,
SO, + %02
(ii) CuSO4_5H20 _1oe°c CuSO H.O _220°C CuSO >800°C CuO + SO. + lO
1 Blue vitriol ~4H,0 Bluisiy Wide ~ ~H,O  White * > Lu 2T H M2
750°c, CuO + SO,
Black
(i)~ |FeSO, .7H,0 _370—:;>Feso4 —sa—> Fe,0, + SO, + SO, (very important)
(iv)  Fe,(8O,); A ,Fe,O, + 3SO,
(v)  CaSO,2H,0—20C150C 3 (ca50, L H,0)+11H,0
2 2
gypsum (Plaster of paris) or calcium sulphate hemihydrate
1
1§HZO A 1
Caso4.2H20 < 7 CaSOﬁ* EHZO
another crystallographic Dead burnt
form of gypsum
hard & porous 1100°C
CaO+ SO,
o °_ 0, 0, (e} 1
(Vi) ZnSO,.TH,0-"-ZnS0,.6H,0"—="--7nS0, . H,0-" ZnSO, 2225 Zn0+S0,+ S0,
~H,0 ~5H,0 ~H,0
.. A

(vii) M%pssgn4;;tHzO E;Mgso4 d [Same as ZnS0O, |

A Na,SO; + SO,
(viii) 2NaHSO, _A4 , Na,S,05+H,0 l—)NaZS+Na2SO4
(ix) ~ 2NaHSO, _A ,Na,SO, + H,0 + SO,
®)  Na,$,0,5H,0—2"“Na,S,0, + 5H,0

¢




I JEE-Chemistry

L2 __—>3Na,SO, + Na,S,.

(From 4 moles)

HEATING EFFECT OF NITRATE SALTS

(i) Metal nitrate —— metal oxide+ NO, + O,
(i)  2M(NO,, —2—> 2MO +4NO, + O,
[M =dll bivalent metalseg. Zn*2, Mg*?, Sr*2, Ca*?, Ba‘?, Cu*?, Pb*?]

1

(i) 2LINO; — Li,0 +2NO, + >0,
1

(v) MNO; —-> MNO, + -0,

[M=NaK,Rb,Cs]

high
tem perature

3
|V|20+N2+§ o,

o 1
(v) | NaNO; —2 NaNO, + 3 O,

o 3
() | NaNO, — Ng,0+N, + 3 O,

100800 5 BeO + 2NO, + 1/2 O,

(vii)  BeCl,—2%— Bg(NO,),.2N,0, —ar 05, Bg(NO,), —2C5[Be,0(NO,)]

Hnder vaceum basic beryllium nitrate
Exception : If formed oxideisof heavier metal thenit being less stable and further decomposed in
to metal and oxygen.

(viiiy HgQ(NO,), —2— Hg + 2NO, + O,
(iX) 2AgNO, —*» 2Ag + 2NO, + O,

HEATING EFFECT OF AMMONIUM SALTS :

If anionic part is oxdising in nature, then N, will be the product (sometimesN,0).

(0] (NH,),Cr,0,—2—N, + Cr,0, + 4H,0{ Thisreactionisused for making artificial vol cano}
(orange solid) (green)

(ii) NH,NO, —— N, + 2H,0

(i)  NH,NO, —— N,O + 2H,0

(iv)  2NH,CIO, —— N, +Cl, + 20, + 4H,0

(v 2NH,10; ——> N, +1,+0,+4H,0

If anionic part weakly oxidising or non oxidising in nature then NH, will be the product.
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Heating Effect ||| G

@)  (NH,),HPO, —2 HPO, + H,O + 2NH,
(i)  (NH,),S0, ——> NH, + H,SO,

(i)  2(NHp),PO, ——> 2NH, + P,O + 3H,0
(iv)  (NH,),CO; ——> 2NH, + H,0 + CO,

(v  NH,Cl —2— NH,T +HCIT
(Vi)  (NHp,S —2— NH,T + H,ST

(viy NH,F —*> NH, + HF

(vii)  (NH,),M00, —— NH,T + MoO, + H,O

HEATING EFFECT OF PHOSPHATE SALTS :

(i) 2°Phosphate salts gives metaphosphate salt on heating.
NaH,PO, —2—H,0 + NaPO,

(i) 2° Phosphate salts gives pyrophosphate
Na,HPO, _4 ,H,O + Na,P,0O,

(i11) 3° Phosphate salt have no heating effect

Na,PO, 4 , No effect

(iv) Na(NH )HPO,.4H,0 TﬁZO>NaNH4H|Do4 Hightemp. . NaPO, + NH, + H,0

microcosmic salt

(v) 2Mg(NH,PO, _4_, Mg,P,0O; + 2NH; + H,0O

HEATING EFFECT OF HALIDES SALTS :

(i) 2FeCl, _A , 2FeCl,+Cl,

(i) AuCl, A , AuCl +Cl,

(iii) Hg,Cl, _A , HgCl, + Hg

(iv) NH,Cl A NH, + HCl

(v) Pb(SCN), A , Pb(SCN), + (SCN),
(vi) PoCl, _A , PbCl, +Cl,

(vii)PbBr,__A_, PbBr, + Br, [Pbl , does not exists]
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10.

11.

ALLE
N L 4
(viii) Hgl, =" Hgl,

scaletred  On Rubbing  yellow
HEATING EFFECT OF HYDRATED CHLORIDE SALTS
() MgCl,.6H,0 —2 5 MgO + 2HCI + 5H,0
(i) 2FeCl,.6H,0 —2» Fe,0,+ 6HCI + 9H,0
(iii) 2AICl, . 6H,0 —2 Al,0, + 6HCI + 9H,0
(iv) CoCl,.6H,0 __s0°c COC|2.4HZO&> CoCI2.2HZO&> CoCl,

Pink —ZHZO blue _2H20 Red violet —2H20 Blue

Hydrated Co?* salt - Pink Anhydrous Co?* sdt - Blue

HEATING EFFECT OF OXIDE :
Hot
. A .. Zn0 ——~ Zn0O
@) 2Ag,0 — 4Ag+0, () Shie ~ cog  yellow
PbO Fused ., PbO

A 1 . .
(iii) Pb02 — > PbO + E O, (iv) yellow (Massicot) —cooeqa powdered

(V) 3Mn0, _90C . Mn,0,+0, (i) PP:0s ZX%6ppo +0,

A

,
(vii)20r0; —> Cr,0, +-0, (i) K055 K0

(White) (yellow)
. 5 c 1
() 1,0, — 1, + >0, )  HgO —2> HgO —pec—>Hg + =0
2 yellow red heating 2

3
(xi) 2Cr0, 40 , Cr,0,+ - 0,

Litharge(red)

2

HEATING EFFECT OF PERMANGANATE :

2KMnO, —*— K,MnO, + MnO, + O,
dark puple (green) (black)
(almost black)

HEATING EFFECT OF DICHROMATE & CHROMATE SALTS :

3
2K,Cr0; ——2K,Cr0, + Cr,0; + - 0,1
orange yellow  green

HEATING EFFECT OF ACIDS :
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. ALLEN Heating Effect || G

1
-0, (i) H,S0, —*“5H,0+ S0,

() 2HNO; —*>H,0 +2NO, + 7

conc.
>800°C 1
(iii) H,SO, ———>»H,0 + SO, + EOZ
(iv) 3H,80,— 2H,S0, + Sl + H,0 \
(v) 3HNO,—> HNO, + 2NO + H,0
(vi) HCIO;— HCIO, + ClO, + H,O

(Vii)3HOCI —— 2HCI +HCIO, Undergoes
dispropor-

(V|||)4H3P03 200°C 3H PO + PH _tionati()n

(ix) 2H3P02 s H3P04 + PHS reaction

(X) 2NaH,PO, —> Na,HPO, + PH,

(xi) H,C,0, —2 5H,0 + CO + CO, )

(ii)H,PO, _ 220°C  H PO, _ 320°C L 4HPO, _ >320°C 2P, O_ + 2H,0

100°C 140°C
(xiii)H;BO, » 4HBO, »H,B,0;, — —2B,0;+ H,0

HEATING EFFECTS OF ACETATE SALTS

Metal acetate —<2—» Metal  + CH,COCH,

Carbonate
(M = LiBe Mg)

lA
Metal oxide + CO,
(i) Ppb(OAc), A ,PbO + CO, + CH,COCH,
(i) Mg(OAc), 2, MgO + CO, + CH,COCH,
(iii) Be(OAc), 4 , BeO + CO, + CH,COCH,
(iv) Ca(OAc), A , CaCO, + CH,COCH,

(v) Ba(OAC), 4 , BaCO, + CH,COCH,

(vi) CH,CO,K —2>K,CO, + CH,COCH,

HEATING EFFECTS OF OXALATE SALTS
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Metal oxalate —>—» Metal + CO+CO,

Carbonate
(M = LiBe Mg)

lA
Metal oxide + CO,

() ™NaC0, 4 , 7NaCO,+2C0,+3C0 +2C

(i) [SnC,0, —2— SnO + CO, + CO
(iii) FeC,0, —2— FeO + CO + CO,
(iv) Ag,C,0, —>—> 2Ag + 2CO,

(v) HgC,0, —2— Hg + 2CO,

HEATING EFFECTS OF FORMATE SALTS

(i) HCO,Na —¥¥¢; Na,C,0, + H,T

(i) HCOOAg—>—> HCOOH + 2Ag + + 0,+CO
2 S———

v

CO,

(iii) (HCOO),Hg —> HCOOH + Hg + Lo, +co
2 S———

v

CO,
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. ALLEN

EXERCISE

Singlecorrect

1.

Which of the following does not give metal oxide on heating
(A) NaCQ, (B) K,CO, (C) Rb,CO, (D) All of these

HEO001
Which of the following metal bicarbonate will give metal oxide and CO, on heating

(A) NaHCQ, (B) Mg(HCO,), (C) KHCO, (D) Rb,CO,

HEO0002
Which of the following metal nitrate will give metal and oxygen on hesting :
(A) KNO, (B) NaNQ, (C) AgNO, (D) RbNO,

HE0003
Which of the following nitrate will give N,O on heating :
(A) NH,NO, (B) NH,NO, (C) NaNO, (D) AgNO,

HEOQOO004
Which of the following ammonium salt will not give acid on heating :
(A) (NH,,HPO, (B) (NH,),M00, (C) (NH,),SO, (D) NH,CI

HEO005
Which of the following halide will not give halogen gas on heating :
(A) PbCl, (B) PoBr, (C) Hg,Cl, (D) All of these

HEOO006
Select the correct statements
(A) Hydrated Co* salt is pink (B) Anhydrous Co*? salt is of blue colour
(C) Hybridisation of CoCl,,.6H,0 is sp3d2 (D) All of these

HEOQ007

Which of the following meta sulphate will give SO, and SO, both gaseous product on heating :
(A) CuSO, (B) FesO, (C) Fe,(SO,), (D) CasO,

HEO0008
Which of the following compound is called dead burnt plaster :

1
(A) CaSO, 5 H,0  (B) CaS0,2H,0  (C) CasO, (anhy) (D) None of these

HEO0009

L 4
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10.  When NaH,PO, is heated then which of the following compound is formed :
(A) Na,P,0O, (B) Na,PO, (C) HPO, (D) NaPO,

11.  When KMnQO, is heated then which of the following compound is formed :

(A) K,MnQ, + MnO, (B) K,MnO, + MnO (C) MnO, + MnO (D) No change

12. When CrO; is heated then ........ + o, areformed :

HEO0010

HEOO011

(A) Cr.0., O (B) CrO,, O (C) Cr,07, 0 (D) None of these
273 2 2 2 27 2

More than one may be correct
13.  Which of the following metal carbonate will give of metal and oxyen on heating-
(A) Ag,CO, (B) HgCO, (C) (NH,,CO, (D) PbCO,

4. A A LB+CO,+HO

(Carbonate salt) (Black)
(Green colour)

High

920°C temperature

(€) + (D)

Select the correct statements -

(A) Compound (A) is basic copper carbonate
(B) Compound (B) CuO

(C) Compound (C) is Cu,O

(D) Compound (D) is paramagnetic in naturue

15.  When Ag,CQO, is heated then product will be -
(A) Ag,0 (B) Ag (©) O, (D) Co,

16. When compound A (orangered) is heated then green colour oxide of (B) isformed and inert gas(C) 2

isformed then select the correct statements :

(A) Compound (A) is (NH,), Cr,0O,

(B) Compound (B) is used in fire works

(C) GasCisN,

(D) Hesting effect of (A) isatype of intramolecular redox reaction

HEO0012

HEO0013

HEO0014

HEO0015

HEO0O016

It Analysis, Heating Effect & s, d-Block\Eng\(i) Heating Effect p65
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Heating Effect

17.

18.

19.

20.

21.

5 22.

Which of the following hydrated salts will not become anhydrous on heating :

(A) MgCl.6H,0  (B) FeCl,6H,0 (C) AICI,.6H,0

Which of the following metal nitrate produce NO, on heating
(A) Hg(NO,), (B) RbNO, (C) Pb(NO,),

(D) CoCl,.6H,0

Which of the following oxides turns yellow on heating and becomes white on cooling :

(A) ZnO (B) K,0 (C) PbO

Paragraph for Q. No. 20to Q. No. 21

(A)——(®B) + (C) + (D)

(Orange solid) ~ (yellow) (green) (Paramagnetic)

Compound (A) is:
(A) K,Cr,0, (B) K,CrO, (C) Cr,0,

Compound (C) is also obtained on heating of :
(A) (NH,,Cr,0, (B) NH,CIO, (C) NH,NO,

Paragarph for Q. No. 22 & 23

CaSO,—+ H,0
2
(Plaster of paris)

1
1= H,0
2 200°C
(A)< _ >(B)
Another crystallographic
form of gypsum 1100°C
(C) + (D)

Compound "A" is:

(A) CaSO,2H,0  (B) 2CaSO,H,0  (C) CaSO,.3H,0

HEQ0017
(D) Cu(NO,),

HE0018
(D) Ag,0O

HE0019
(D) O,

HE0020

(D) None of these
HE0020

(D) CasS0,.5H,0
HEO0021

L 4
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23. Compound "C" and "D" are respectivelly :
(A) CaO + CaSO, (B) CaSQO, + SO, (C) CasO, + SO, (D) CaO + SO,
HE0021
Matrix match
24. Match the column
Column-| Column-I 1
(A) Be(NO,), —— (P) Gives H,O
(B) HNO, —*— (Q) Oxyacid is obtained
(C) NaH,PO, —4 (R) Givesdisproportionation reaction
(D) H,PO, —2— (S) Oxygen gasis evolved
HE0022
25. Column-I (Compound) Column-11 (Products on heating)
(A) NH,CIO, (P) CO, gasis evolved
(B) Mg(OAc), (Q) H, gasisevolved
(C) HCOONa (above 350°C) (R) N, gasisevolved
(D) (NH,),CO, (S) Samegasisevolved whichisobtained by heating
(NH,),SO,
(T) Intramolecular redox reaction
HE0023
I nteger

26.  When cdamineisheated then aproduct (A) isformed then find the total number of following options

are correct for compound (A) -

(i) Compound (A) iswhite in cold conditions

(i) Compound (A) isyellow in hot conditions

(iif) Compound (A) is called phillosopher's wool

(iv) Compound (A) when combined with CoO, then compound (B) is formed & colour of new :

compound (B) is green

(v) Compound (B) is called Rinmann's green

HEO0024
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27.

28.

29.

30.

NaNO, —<— (A) + (B)

(A) —=== (C) + (D) + (E)

Find the number of correct statements
(1) Compound (B) is paramagnetic in nature
(2) Compound (B) when undergoes dimerisation then dimer product is diamagnetic in nature
(3) Bond order of compound (B) is two
(4 DisN, gas
(5) Compound B and E are same gas
HE0025

(A)——(B) + (C)+(D)
(dark purple (green)  (black)
almost black)

Find the number of correct statements
(1) Compound B is K,MnQO,
(2) Compound C is MnQO,
(3) Compound D is O,
(4) Compound B is paramagnetic in nature
(5) Compound D has two unpaired electron in bonding molecular orbital
HE0026
Total number of compounds undergoes dispropornation redox reaction on heating
MnO,, HOCI, H,PO,, HNO,, CrO,, HCIO,
HEO0027
On grong heating of H,PO, and H,BO,, sum of oxidation number of P & B in the final product
obtainedis
HE0028

Heating Effect
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ANSWER-KEY

Que. 1 3 4 6 7 9 10

Ans. D B C B D B C D

Que. 11 12 13 14 15 16 17 18 19 20

Ans. A A A.B |ABcCcD|BcCD |ABCD|A,B,C|ACD| A,B A

Que. 21 22 23 24

Ans. A A D (A)—(9);(B)—(P.Q,R);(C)—~(P);(D)~(Q.R)

Que. 25 26 27 28 29 30

Ans. | (A)=>(R,T);(B)—=>(P);(C)—>(P.Q,T);(D)—>(P.S) 5 4 4 4 8
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. ALLEN s-Block Element
s-BLOCK ELEMENT
( OBJECTIVES )

After studying this unit you will be able to :

Describe the general characteristics of the alkali metals and their compounds;
Explain the general characteristics of the alkaline earth metals and their compounds;

Describe the manufacture, properties and uses of industrially important sodium and calcium

compounds including Portland cement : y

Appreciate the biological significance of sodium, potassium, magnesium and calcium.

The s-block elements of the Periodic Table are those in which the last electron enters the outermost
s-orbital. As the s-orbital can accommodate only two electrons, two groups (1 & 2) belong to the
s-block of the Periodic Table. Group 1 of the Periodic Table consists of the elements: lithium,
sodium, potassium, rubidium, caesium and francium. They are collectively known as the alkali
metals. These are so called because they form hydroxides on reaction with water which are strongly
alkaline in nature. The elements of Group 2 include beryllium, magnesium, calcium, strontium,
barium and radium. These elements with the exception of beryllium are commonly known as the
alkaline earth metals. These are so called because their oxides and hydroxides are alkaline in nature

and these metal oxides are found in the earth’s crust®.

Among the alkali metals sodium and potassium are abundant and lithium, rubidium and caesium
have much lower abundances. Francium is highly radioactive; its longest-lived isotope 223Fr has a
half-life of only 21 minutes. Of the alkaline earth metals calcium and magnesium rank fifth and
sixth in abundance respectively in the earth’s crust. Strontium and barium have much lower
abundances. Beryllium is rare and radium is the rarest of all comprising only 10-10 per cent of

igneous rocks .

The general electronic configuration of s-block elements is [noble gas]ns1 for alkali metals and
[noble gas] ns? for alkaline earth metals.

The thin, rocky outer layer of the Earth is crust. T A type of rock formed from magma (molten
rock) that has cooled and hardened.

Lithium and beryllium, the first elements of Group 1 and Group 2 respectively exhibit some properties
which are different from those of the other members of the respective group. In these anomalous
properties they resemble the second element of the following group. Thus, lithium shows similarities
to magnesium and beryllium to aluminium in many of their properties. This type of diagonal similarity
is commonly referred to as diagonal relationship in the periodic table. The diagonal relationship is
due to the similarity in ionic sizes and /or charge/radius ratio of the elements. Monovalent sodium

and potassium ions and divalent magnesium and calcium ions are found in large proportions in
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biological fluids. These ions perform important biological functions such as maintenance of ion

balance and nerve impulse conduction.
10.1 GROUP 1 ELEMENTS : ALKALI METALS

The alkali metals show regular trends in their physical and chemical properties with the increasing
atomic number. The atomic, physical and chemical properties of alkali metals are discussed below.

10.1.1 Electronic Configuration

All the alkali metals have one valence electron, ns' outside the noble gas core. The loosely held
s-electron in the outermost valence shell of these elements makes them the most electropositive
metals. They readily lose electron to give monovalent M* ions. Hence they are never found in free
state in nature.

Element |Symbol |Electronic configuration
Lithium Li 1s%s!
Sodium Na 1s® 25.22p63s1
Potassium K 1522522p6f‘>sz3p64s1
Rubidium Rb  |15°25°2p°3s%3p°3d 45 ™4p°5s'
Caesium Cs  |15725"2p°3s°3p°3d""4s74p° 4d'’55°5p"6s' or [Xe] 6s'
Francium Fr [Rn]7s !
(10.1.2 Atomic and Tonic Radii A

Li<Na<K<Rb<Cs

Increase down the group, because value of n (principal quantum number) increases.
10.1.3 Ionization Enthalpy

Li>Na>K>Rb > Cs.

This is because the effect of increasing size outweighs the increasing nuclear charge, and the

L outermost electron is very well screened from the nuclear charge. )

10.1.4 Hydration Enthalpy
The hydration enthalpies of alkali metal ions decrease with increase in ionic sizes.
Li*> Na* > K* > Rb* > Cs*
Li* has maximum degree of hydration and for this reason lithium salts are mostly hydrated,
e.g., LiCl- 2H,0

10.1.5 Physical Properties

1) All the alkali metals are silvery white, soft and light metals.

(11) Because of the large size, these elements have low density which increases down the group
from Li to Cs. However, potassium is lighter than sodium.
Li <K <Na<Rb<Cs.

(i)  The melting and boiling points of the alkali metals are low indicating weak metallic bonding
due to the presence of only a single valence electron in them.

(iv)  The alkali metals and their salts impart characteristic colour to an oxidizing flame. This is
because the heat from the flame excites the outermost orbital electron to a higher energy

¢
m
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s-Block Element

level. When the excited el ectron comesback to the ground state, thereisemission of radiation
inthevisibleregion asgiven below :

Metal Li Na K Rb Cs
Colour Crimsonred | Yellow | Violet | Red violet Blue
Alnm 670.8 589.2 | 766.5 780.0 4555

(v) Alkali metals can therefore, be detected by the respectiveflame tests and can be determined by
flame photometry or atomic absorption spectroscopy .

(vi) Theseelementswhen irradiated with light, the light energy absorbed may be sufficient to make
an atom lose electron.

Table: Atomic and Physical Propertiesof the Alkali Metals

Property Lithi.um Sodium Potassium K Rubidium | Caesum | Francium
Li Na Rb Cs Fr
Atomic number 3 11 19 37 55 87
Atomic mass (g mol ) 6.94 22.99 39.10 85.47 132.91 (223)
Electronic configuration [Hel2s™ | [Ne] 3s' | [Af] 4s' [Kr]5s' | [Xe 6s | [Rn]7s'
lonization enthal py/kJ mol ™ 520 496 419 403 376 ~375
Hydration enthal py/kJ mol —506 —406 -330 -310 —276 -
Metallic radiugpm 152 186 227 248 265 -
lonic radius M*/pm 76 102 138 152 167 (180)
m.p./K 454 371 336 312 302 -
b.p/K 1615 1156 1032 961 944 -
Density / gcm™ 0.53 0.97 0.86 153 1.90 -
Sta+ndard Potentids E /v for -3.04 2714 —2.925 —2.930 —2.927 -
(M/M)
Occurrencein lithosphere 18* 227** 1.84** 78-12* 2-6* ~10718

*ppm (part per million), ** percentage by weight; T Lithosphere: The Earth’ souter layer: itscrust
and part of the upper mantle.

This property makes caesium and potassium useful as electrodesin photoel ectric cells.

10.1.6 Chemical Properties

Theakali metalsare highly reactivedueto their large size and low i onization enthalpy. Thereactivity
of these metal sincreases down the group.

Reactivity towards air : The alkali metalstarnish in dry air due to the formation of their oxides

which in turn react with moisture to form hydroxides. They burn vigorously in oxygen forming
oxides. Lithium forms monoxide, sodium formsperoxide, the other metalsform superoxides. The

superoxide O,~ ion isstable only in the presence of large cations such asK, Rb, Cs.

4Li + O, — 2Li,0 (oxide)
2Na+ O, — Na,O, (peroxide)
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M + O, — MO, (superoxide)
(M=K, Rb, Cs)
In al these oxidesthe oxidation state of the alkali meta is+1. Lithium showsexceptional behaviour

in reacting directly with nitrogen of air to form the nitride, Li;N as well. Because of their high
reactivity towards air and water, alkali metalsarenormally kept in ker oseneoil.

Problem 10.1

What isthe oxidation state of K in KOZ?

Solution

(i)

(iii)

(iv)

v)

Thesuperoxide speciesisrepresented as O, ; sincethe compound isneutral, therefore, the oxidation
state of potassumis+1.

Reactivity towardswater : Thealkali metalsreact with water to form hydroxide and dihydrogen.
2M +2H,0 - 2M* + 20H" + H,
(M =an alkali metal)

It may be noted that although lithium has most negative E° value, itsreaction with water is less
vigorous than that of sodium which hasthe least negative E° valueamong the alkali metals. This
behaviour of lithiumisattributed to itssmal sze and very high hydration energy. Other metal s of
the group react explosively with water.
They also react with proton donors such as a cohol, gaseous ammonia and akynes.
Reactivity towards dihydrogen: The alkali metals react with dihydrogen at about 673K
(lithium at 1073K) to form hydrides. All the alkali metal hydridesareionic solidswith high melting
points.

2M + H, — 2M*H-
Reactivity towards halogens : The alkali metals readily react vigorously with halogens to form
ionic halides, M+X—. However, lithium halides are somewhat covalent. It is because of the high
polarisation capability of lithiumion (Thedistortion of electron cloud of the anion by thecationis
caled polarisation). TheLi+ ionisvery small in size and hashigh tendency to distort electron cloud
around the negative halideion. Since anion with large size can be easily distorted, among halides,
lithiumiodideisthe most covalent in nature.

Reducing nature: Theakali metasare strong reducing agents, lithium being the most and sodium

the least powerful. The standard electrode potential (E® ) which measures the reducing power
representsthe overall change:

M(s) — M(g) sublimationenthal py
M(g) — M*(g) + € ionizationenthal py
M* (g) + H,O — M* (ag) hydrationenthal py
Withthesmall szeof itsion, lithium hasthe highest hydration enthal py which accountsfor itshigh

negative E® value and its high reducing power.

Problem 10.2

¢

ALLEN .
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The E® for CL,/CI” is +1.36, for I,/I" is + 0.53, for Ag* /Agis +0.79, Na*/Na is —2.71 and for
Li+/Liis — 3.04. Arrange the following ionic species in decreasing order of reducing strength :

I-, Ag, Cl7, Li, Na

Solution

(vi)

The order is Li > Na > [-> Ag > Cl-

Solutions in liguid ammonia : The alkali metals dissolve in liquid ammonia giving deep blue solutions
which are conducting in nature.

M+(x + y)NH; — [M(NH,), ]" + [e(NH,)y]"
The blue colour of the solution is due to the ammoniated electron which absorbs energy in the
visible region of light and thus imparts blue colour to the solution. The solutions are paramagnetic

and on standing slowly liberate hydrogen resulting in the formation of amide.
M{,,, +¢€ +NH;(1) — MNH2(am) + %2H,(g) (where ‘am’ denotes solution in ammonia.) In

concentrated solution, the blue colour changes to bronze colour and becomes diamagnetic.

(vii)

(viii)

(ix)

(x)

. . )
Reaction with H,

They react with H, forming metal hydride with formula MH which are of ionic nature. Stability of
hydride decreases down the group.

Reaction with N,
Only Lithium reacts with N, to form ionic lithium nitride Li;N.

3
3Li+ 5Ny > LiN

Sulphides

All metals react with S forming sulphides such as Na,S and Na,S_(n =2, 3, 4, 5 or 6). The
polysulphide ions are made from zig-zag chains of sulphur atoms.

/S\ /S\/S AN
S 5 s s S S s

Crown Ethers and Cryptands :

N /7
@( AN M < O @ONO@

e
. S

Cryptand - 222

3
C

Dibenzo-18-Crown-6
[Na (Cryptand 222)]* Na~ [Contains Na~ (sodide ion)]
[Cs*(Cryptand - 222)] [(Cyrptand-222)e7] [electride]

s-Block Element
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10.1.7

10.2

10.21

Uses:

Lithium metal isused to makeuseful alloys, for examplewith lead to make‘white metal’ bearings

for motor engines, with aluminium to make aircraft parts, and with magnesium to make armour
plates. It isused in thermonucl ear reactions.

Lithiumisaso used to make electrochemica cells. Sodium isused to make aNa/Pb aloy needed to
make PbEt, and PbMe,. These organolead compounds were earlier used asanti-knock additivesto
petrol, but nowadays vehicles use lead-free petrol. Liquid sodium metal isused asacoolant in fast
breeder nuclear reactors. Potassum hasavita roleinbiological syssems. Potassum chlorideisused
as afertilizer. Potassium hydroxide is used in the manufacture of soft soap. It isaso used asan
excellent absorbent of carbon dioxide. Caesum isused in devising photoel ectric cells.

GENERAL CHARACTERISTICSOF THE COMPOUNDS OF THE ALKALI METALS
All the common compounds of thealkali metalsare generaly ionicin nature. Genera characteristics

of some of their compounds are discussed here.
Oxidesand Hydroxides

On combustion in excess of air, lithium formsmainly the oxide, Li,O (plus some peroxideLi,0,),
sodium formsthe peroxide, Na,O, (and some oxide Na,O) whilst potassium, rubidium and caesium
form the superoxides, MO,. Under appropriate conditions pure compounds M,0, M, 0, and MO,
may be prepared. Theincreasing stability of the peroxide or superoxide, asthe Sze of the metal ion
increases, is due to the stabilisation of large anions by larger cationsthrough lattice energy effects.
Theseoxidesare easily hydrolysed by water to form thehydroxidesaccording to thefollowing reactions:

M,O + H,0 — 2M* + 20H~
M,0, + 2H,0 — 2M* + 20H™ + H,0,
2MO, + 2H,0 — 2M* + 20H + H,0, + O,
The oxides and the peroxides are col ourlesswhen pure, but the superoxides are yellow or orangein

colour. The superoxides are also paramagnetic. Sodium peroxide is widely used as an oxidising
agent ininorganic chemistry.

Problem 10.3

Why isKO, paramagnetic ?

Solution

r

(i)

Sodium Oxide (Na,0) :
Preparation :

The superoxide O, Is paramagnetic because of one upaired electron in *2p molecular orbital
The hydroxideswhich are obtained by the reaction of the oxideswith water are al whitecrystalling
solids. The alkali metal hydroxides are the strongest of all bases and dissolve freely in water with
evolution of much heat on account of intense hydration.

It isobtained by burning sodium a 180°Cin alimited supply of air or oxygen and distilling off the
excess of sodium in vacuum.

1 '
2Na+ 2 0, —2%% 5 Na,0

ALLEN .
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(ii)

(i)
(i1)

(iii)

(ii)

(iii)

(iv)

By heating sodium peroxide, nitrate or nitrite with sodium.
Na,O, +2Na 2, 2Na,0
2NaNO,; + 10Na —2 5 6Na,0 + N,
2NaNO, + 6Na —2 5 4Na,0 + N,

Properties:

It iswhite amorphous mass.
It decomposes at 400°C into sodium peroxide and sodium

2Na,0__490°C . Na,0, + 2Na
It dissolveviolently in water, yielding caustic soda.
Na,O + H,O —— 2NaOH

Sodium Peroxides (Na,0,) :
Preparation: Itisformed by heating the metal in excessof air or oxygen at 300°, whichisfreefrom

moisture and CO,,
2Na+ O,— Na,0,
Properties:
() Itisapaleyellow solid, becoming whitein air from theformation of afilm of NaOH and Na,CO,.

In cold water (~0°C) produces H,O, but at room temperature produces O,. In ice-cold mineral
acids a'so produces H,O,.

Na,0, + 2H,0 — > 2NaOH + H,0,
2Na,0, + 2H,0—>“— 4NaOH + O,

Na,O, + H,S0,— > Na,SO, + H,0,
It reacts with CO,), giving sodium carbonate and oxygen and hence its use for purifying air ina
confined spacee.g. submarine, ill-ventilated room,
2Na,0, + 2CO, — 2Na,CO, + O,
Itisan oxidising agent and oxidises charcoal, CO, NH,, SO,
3Na,0, + 2C —— 2Na,CO, + 2Na [deposition of metallic Na]
CO + Na,0, — Na,CO,
SO, + Na,O, — Na,SO,
2NH; + 3Na,O, — 6NaOH + N,
It contains peroxideion [-O-0-]2

For preparing H,O,, O,
Oxygenating theair in submarines
Oxidising agent in thelaboratory.

s-Block Element
N
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~ R
Oxides of Potassum :
K,0, K,O,, K,O,, KO, and KO,
Colours: White White Red Bright Yellow Orange Solid
Preparation :

(i)

**

**

(i)
(iii)

(White) (Yellow)

2KNO, + 10K g, 6K O + N,

KZO heating KZO

K,O + H,0 —> 2KOH

Controlled

2K + 0,
air at 300°C

K,O, [Props: Similar with Na,O,]

Passage of O, through ablue solution of K inliquid NH, yields oxidesK 0, (white), K, O, (red)
and KO, (deep yellow) i.e

K inlig. NH, —22

K,O, K,0,— KO,
white red yellow

10.2.2

KO, reacts with H,0O and produces H,O, and O, both
2KO, + 2H,0 —%€ 5 2KOH + H,0, + O,
KOj,: KOH + O, (ozonised oxygen) ——10"to-15°C KO,
(Dry powdered) (orange solid)

Halides

Theakali metal haides, M X, (X=F,Cl,Br,l) areall high melting, colourlesscrystalline solids. They
can be prepared by the reaction of the appropriate oxide, hydroxide or carbonate with agueous
hydrohalic acid (HX). All of these halides have high negative enthal pies of formation; the A,H®

values for fluorides become less negative as we go down the group, whilst the reverse istrue for
A.H® for chlorides, bromides andiodides. For agiven metal A,H® alwaysbecomes|essnegative
fromfluoridetoiodide.
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700
500 ¢ -616 =
\<ﬁ74 _SQO* —558,1L 554
'Tg 500
-437 _ —4
2 400 —409 CI -411 435 406
T 351 Br _394 ‘
< -361 347
I —334
300 I 8
=288
-270
200 |
Li Na K Rb Cs
The standard enthalpies of formation of the
halides of Group 1 elements at 298 K
10.2.3 Saltsof Oxo-Acids

10.3

10.3.1

Oxo-acids are those in which the acidic proton ison a hydroxyl group with an oxo group attached
to the same atom e.g., carbonic acid, H,CO, (OC(OH).,; sulphuric acid, H,SO, (O,S(OH).). The
akali metalsform saltswith al the oxo-acids. They are generally soluble in water and thermally
sable.

Their carbonates (M,CO;) and in most cases the hydrogencarbonates (MHCO,) aso are
highly stableto heat. Astheelectropositive character increases down the group, the stability of the
carbonates and hydorgencarbonates increases. Lithium carbonateis not so stable to heat; lithium
being very small insize polarisesalarge COZ ionleadingto the formation of morestable Li, O and
CO,, Its hydrogencarbonate does not exist asasolid.

ANOMALOUS PROPERTIES OF LITHIUM

The anomalousbehaviour of lithiumisduetothe: (i) exceptionally small sizeof itsatom andion,
and (i) high polarising power (i.e., charge/ radius ratio). As aresult, there isincreased covalent
character of lithium compoundswhich isrespongblefor their solubility inorganic solvents. Further,
lithium shows diagonal relationship to magnesium which has been discussed subsequently.

Pointsof Differencebetween Lithium and other Alkali Metals

) Lithium ismuch harder. [tsm.p. and b.p. are higher than the other alkali metals.

() Lithiumisleadt reectivebut thestrongest reducing agent amongdl theakai metds. On combustion
inar itformsmainly monoxide, Li,O andthenitride, Li;N unlikeother alkali metals

(iii)  LiCl is deliquescent and crystallises as a hydrate, LiCl.2H,O whereas other alkali metal
chloridesdo not form hydrates.

(iv)  Lithium hydrogencarbonateisnot obtained in the solid form while all other elementsform
solid hydrogencarbonates.

(V) Lithium unlike other alkali metalsformsno ethynide on reaction with ethyne.

(vi)  Lithium nitrate when heated giveslithium oxide, Li,0, whereas other alkai metal nitrates

decomposeto givethe corresponding nitrite.

4LINO; — 2Li,0 +4NO, + O,

2NaNO; — 2NaNO, + O,

LiF and Li,O are comparatively much less soluble in water than the corresponding

(Vi)

L 4
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compoundsof other alkali metals.

10.3.2 Pointsof Similaritiesbetween Lithium and Magnesium

104

The similarity between lithium and magnesium is particularly striking and arises because of their

similar sizes: atomicradii, Li = 152 pm, Mg =160 pm; ionicradii : Li* =76 pm, Mg?*=72pm. The

main pointsof smilarity are:

0] Bath lithium and magnesium are harder and lighter than other e ementsin the respective groups.

() Lithium and magnesium react slowly with water. Their oxides and hydroxides are much
less soluble and their hydroxides decompose on heating. Both form a nitride, Li;N and
Mg;N,, by direct combination with nitrogen.

(iii)  Theoxides, Li,O and MgO do not combine with excess oxygen to give any superoxide.

(iv)  Thecarbonates of lithium and magnesium decompose easily on heating to form the oxides
and CO,. Solid hydrogencarbonatesare not formed by lithium and magnesium.

(V) Both LiCl and MgCl,, are solublein ethanol.

(vi)  Both LiCl and MgCl, are deliquescent and crystallise from aqueous solution as hydrates,
LiCl-2H,0 and MgCl,,-8H,0.

SOME IMPORTANT COMPOUNDS OF SODIUM

Indudtrially important compoundsof sodium include sodium carbonate, sodium hydroxide, sodium
chloride and sodium bicarbonate. The large scal e production of these compounds and their usesare
described below :

Sodium Carbonate (Washing Soda), Na,CO,-10H,0

Sodium carbonate isgenerally prepared by Solvay Process. In this process, advantage istaken of
the low solubility of sodium hydrogencarbonate whereby it gets precipitated in the reaction of
sodium chloride with ammonium hydrogencarbonate. The latter is prepared by passing CO, to a
concentrated solution of sodium chloride saturated with ammonia, where ammonium carbonate
followed by ammonium hydrogencarbonate are formed.

The equationsfor the compl ete process may be written as.
2NH; + H,0 + CO, — (NH,), CO,
(NH,), CO; + H,0 + CO, — 2NH,HCO,
NH,HCO; + NaCl — NH,Cl + NaHCO,
Sodium hydrogencarbonate crystal separates. These are heated to give sodium carbonate.
2NaHCO,; — Na,CO, + CO, + H,0O
In this process NH, is recovered when the solution containing NH,Cl is treated with Ca(OH),..
Calcium chlorideisobtained as aby-product.
2NH,Cl + Ca(OH), — 2NH, + CaCl,, + H,0

It may be mentioned herethat Solvay process cannot be extended to the manufacture of potassium

carbonate because potassium hydrogencarbonate i stoo sol ubleto be precipitated by the addition of
ammonium hydrogencarbonateto a saturated solution of potassium chloride.

Properties : Sodium carbonate is a white crystalline solid which exists as a decahydrate,
Na,CO,-10H,0. Thisis dso called washing soda. It is readily soluble in water. On heating, the
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decahydrate losesitswater of crystallisation to form monohydrate. Above 373K, the monohydrate
becomes compl etely anhydrous and changes to awhite powder called soda ash.

Na,CO,.10H,0 —¥* Na,CcO,.H,0 + 9H,0
Na,CO,.H,0 —3* Na,cO, + H,0

Carbonate part of sodium carbonate gets hydrolysed by water to form an alkaline solution.
Cco? +H,0— HCO; + OH-

Uses: (i) It isused in water softening, laundering and cleaning.

(i) It isused in the manufacture of glass, soap, borax and caustic soda.

(i) Itisusedin paper, paintsand textileindustries.

(iv)  Itisanimportant |aboratory reagent both in qualitative and quantitative analyss.

Note: K,CO, cannot be prepared by Solvey process because KHCO; is soluble in water and cannot be
separated formNH ,Cl.

Sodium Chloride, NaCl
The most abundant source of sodium chlorideis seawater which contains 2.7 to 2.9% by mass of
the salt. In tropical countrieslike India, common salt is generally obtained by evaporation of sea

Crude sodium chloride, generally obtained by crystalisation of brine solution, contains sodiu

sulphate, cal cium sulphate, calcium chloride and magnesum chlorideasimpurities. Calcium chloride

easily from the atmosphere).
To obtain pure sodium chloride, the crude sat is dissol ved in minimum amount of water and filtered
to removeinsolubleimpurities. The solution isthen saturated with hydrogen chloride gas. Crystals
of pure sodium chloride separate out. Calcium and magnesium chloride, being more soluble than
sodium chloride, remain in solution.
Sodium chloride melts at 1081K. It has a solubility of 36.0 g in 100 g of water at 273 K. The
solubility doesnot increase appreciably with increasein temperature.

Uses:
0] It isused asacommon salt or table salt for domestic purpose.
(i) It is used for the preparation of Na,0O,, NaOH and Na,CO,.
(@ii) It isusedto prepare freezing mixture in laboratory [Ice-common salt mixtureis called

freezing mixture and temperature goes down to —23°C.]

(iv)  For melting ice and snow on road.
Sodium Hydroxide (Caustic Soda), NaOH

Sodium hydroxide is generally prepared commercially by the electrolysis of sodium chloride in
Castner-Kellner cell. A brine solution is electrolysed using a mercury cathode and acarbon anode.

L 4
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Sodium metal discharged at the cathode combineswith mercury to form sodium amalgam. Chlorine

gasisevolved at the anode. (The anodes are now made of steel coated with titanium. Titaniumis
very resistanceto corrosion)

Anode coated
with titanium

Brine in .
+  Chlorine out

1 1
T | Hydrcigen out
t N | Wat
| ater
Mercury)| Mercu/ry e — T in
Cathode B ) I: Caustic
graphite —soda
Mercury \ /_ out
— 51
IPumpI

Mercury

Cathode: Na* + &= —19— Na— amalgam

1
Anode: CIm— ECIZ +e

The amalgam is treated with water to give sodium hydroxide and hydrogen gas.
2Na-amalgam + 2H,0 — 2NaOH + 2Hg + H,,

Sodium hydroxideisawhite, translucent solid. It meltsat 591 K. It isreadily solublein water to give

astrong akaline solution. Crystals of sodium hydroxide are deliquescent. The sodium hydroxide

solution at the surface reacts with the CO, in the atmosphere to form Na,CO,,.

Uses: Itisusedin

- Q) The manufacture of soappape N
() In petroleum refining,
(@ii)  Inthepurification of bauxite,
(iv)  Inthetextileindustriesfor mercerising cotton fabrics, (v) for the preparation of purefatsang
oils, and
(vi)  Asalaboratory reagent.
Sodium Hydrogencarbonate (Baking Soda), NaHCO,
Sodium hydrogencarbonate isknown as baking sodabecause it decomposes on heating to generate
bubbles of carbon dioxide (leaving holesin cakes or pastriesand making them light and fluffy).
Sodium hydrogencarbonateismade by saturating asolution of sodium carbonatewith carbon dioxide.
Thewhite crystalline powder of sodium hydrogencarbonate, being less soluble, gets separated out
L Na,CO, + H,0+ CO, — 2NaHCO, y

4
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10.5

. 10.6

Sodium hydrogencarbonateisamild antiseptic for skininfections. It isused in fireextinguishers.
Potassium carbonate, K ,CO,
It isalso called potash or pearl ash. It cannot be made by the use of solvay process as potassum
bicarbonate is more soluble than sodium bicarbonate. However, it can be prepared by L e-Blanc
process. KCl isfirst converted into K,SO,,. Potassium sulphate (K ,SO,) isthen heated with CaCo,
and carbon.

KCl + H,S0,— KHSO, + HCI

KHSO, + KCl — K,SO, + HCl

K,SO, + CaCO, + 2C—— K,CO, + CaS + 2CO,,
It isawhite powder , deliquescent in nature. It ishighly solublein water.

Uses: It isused in the manufacture of hard glass. The mixture of K,CO; and Na,CO;isused a
fusion mixtureinlaboratory.

BIOLOGICAL IMPORTANCE OF SODIUM AND POTASSIUM

A typical 70 kg man contains about 90 g of Naand 170 g of K compared with only 5 g of iron and

0.06 g of copper. Sodium ions are found primarily on the outside of cells, being located in blood
plasmaandintheinterstitial fluid which surroundsthe cells. Theseions participatein the transmission
of nerve sgnals, in regulating the flow of water across cell membranes and in thetransport of sugars
and amino acidsinto cells. Sodium and potassum, athough so smilar chemicaly, differ quantitatively

intheir ability to penetrate cell membranes, in their transport mechanismsand intheir efficiency to
activate enzymes.

Thus, potassium ions are the most abundant cations within cell fluids, where they activate many
enzymes, participate in the oxidation of glucoseto produce ATP and, with sodium, areresponsible
for thetransmission of nerve signals.

Thereisavery consderable variation in the concentration of sodium and potassum ions
found on the opposite sidesof cell membranes. Asatypica example, in blood plasma, sodiumis
present to theextent of 143 mmolL L, whereasthe potassium level isonly 5 mmol L1 within thered
blood cdls. These concentrationschangeto 10 mmol L (Na*) and 105 mmolL 1 (K*). Theseionic
gradients demondtrate that adiscriminatory mechanism, called the sodi um-potass um pump, operates
across the cell membranes which consumes more than one-third of the ATP used by a resting
animal and about 15 kg per 24 hin aresting human.

GROUP 2 ELEMENTS : ALKALINE EARTH METALS
The group 2 elements comprise beryllium, magnesium, calcium, strontium, barium and radium.
They follow akali metalsin the periodic table. These (except beryllium) are known as alkaline

s-Block Element
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earth metals. Thefirst element beryllium differsfrom the rest of the members and shows diagonal

relationship to duminium. Theatomic and physical propertiesof the akaline earth metalsare shown
inTable.

10.6.1 Electronic Configuration
These elements have two electrons in the s-orbital of the valence shell. Their general electronic
configuration may be represented as [noble gas] ns?. Like alkali metals, the compounds of these
elements are also predominantly ionic.

Element Symbol Electr onic configuration
Beryllium Be |1s2¢’

M agnesium Mg |1 2s%2p°3s?

Calcium Ca |125°2p°33p’ 47

Strontium St |15°252p°353p° 3d" 45 4p°5s”

Barium Ba [15252p°3573p°3d"%4s’4p® 4d"5s°5p°6s” or [X €] 6s
Radium Ra [|[Rn]7s?

10.6.2 Atomic and lonic Radii

Theatomic and ionic radii of the alkaline earth metalsare smaller than those of the
Table: Atomic and Physical Propertiesof the AlkalineEarth Metals

Property Beryllium |[Magnesium| Calcium [ Strontium | Barium | Radium
Be mg Ca Sr Ba Ra
Atomic number 4 12 20 38 56 88
ATomic mass (g mol 1) 901 2431 70708 8762 373322603\
Electronic configuration [He]2s® | [Ne] 3s° | [Ar] 4s® | [Kr] 5s° | [Xe] 6S° | [Rn] 7§
lonization enthalpy (1)/kJ mol™ 899 737 590 549 503 509
lonization enthyalpy(11) kJmol™| 1757 1450 1145 1064 965 979
Hydration enthalpy/kJ mol™ —2494 -1921 -1577 —1443 —1305 -
Metallic radius/pm 111 160 197 215 222 -
lonic radius M */pm 31 72 100 118 135 148
m.p./K 1560 924 1124 1062 1002 973
b.p/K 2745 1363 1767 .1655 2078 | (1973)
Density / g cm™ 1.84 1.74 1.55 2.63 3.59 (5.5)
Standard Potentials E /V for
(M*2M) -1.97 —-2.36 -2.84 -2.89 —-2.92 —-2.92
bccurrence In lithosphere 2% 2./6™% 4.6%* 384* 390* 107

*ppm (part per million); ** percentage by weight :
Corresponding akai metal sinthe same periods. Thisisdueto theincreased nuclear chargein these
elements. Withinthe group, theatomic and ionic radii increase with increasein atomic number.
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10.6.3 lonization Enthalpies

| onization Enthalpy
Be>Mg>Ca> S >Ba
Down the group | E decreases dueto increasein size

IE, of AM < IE, of AEM

IE, of AM > I|E,of AEM

[where AM = Alkali metal, AEM = Alkaline earth metal]

Reason : |IE, of AEM islarge duetoincreased nuclear chargein AEM ascomparedto AM but IE,
of AM islarge because second electron in AM isto be removed from cation which has

aready acquired noble gas configuration.

10.6.4 Hydration Enthalpies

10.6.5

Likedkali metal ions, the hydration enthal pies of alkaine earth metal ions decreasewithincreasein
ionic size down the group.

Be?™> M2t > Ca?t > Sr2* > Ba?*

Thehydration enthalpiesof akaine earth metal ionsarelarger than those of dkali metd ions. Thus,
compounds of akaline earth metals are more extensively hydrated than those of alkali metals,
e.g., MgCl,, and CaCl,, exist as MgCl,,.6H,0 and CaCl,,- 6H,0 while NaCl and KCI do not form
such hydrates.

Physical Properties

) Theakaline earth metals, in genera, aresilvery white, lustrousand rel atively soft but harder
than thealkai metals. Beryllium and magnesium appear to be somewhat greyish.

() The melting and boiling points of these metals are higher than the corresponding alkali
metalsdueto smaller sizes. Thetrend is, however, not systematic.

(i)  Because of the low ionisation enthalpies, they are strongly electropositive in nature. The
electropositive character increases down the group from Beto Ba.

( (lv)  Cacium, strontium and barium impart characteristic brick red, crimson and apple greei
coloursrespectively to theflame. In flamethe electrons are excited to higher energy level
and when they drop back to the ground state, energy isemitted in the form of visiblelight
The electronsin beryllium and magnesium are too strongly bound to get excited by flame
Hence, these elements do not impart any colour to the flame. The flametest for Ca, Sr ang
Baishelpful intheir detectionin quditative analysis and estimation by flame photometry.

(V) The alkaline earth metals like those of alkali metals have high electrical and thermal
conductivitieswhich aretypical characteristicsof metals.

10.6.6 Chemical Properties

The alkaline earth metals are less reactive than the dkali metals. The reactivity of these elementg
increases on going down the group.

. J
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(i)

(ii)

Note:

(iii)

(iv)

v)

(M)

Reactivity towards air : Beryllium and magnesium are kinetically inert to oxygen and water
because of the formation of an oxide film on their surface. However, powdered beryllium burns
brilliantly onignitioninair to give BeO and Be;N,,. Magnesiumis more electropositive and burns
with dazzling brilliancein air to give MgO and Mg;N,,. Calcium, strontium and barium are readily
attacked by air to form the oxide and nitride.

Reactivity towardswater.
Reaction with H,O : AEM have |esser tendency to react with water as compared to AM. They
form hydroxides and liberate H,, on reaction with H,O
M +2H,0 —2— M(OH),*+ H,
Beisinert towardswater.
Magnesium react as
Mg + 2H,0 — Mg(OH), + H,
or Mg + H,0 — MgO + H,O
MgO forms protective layer, that is why it does not react readily unless layer is removed
amalgamating with Hg. Other metalsreact quitereadily (Ca, Sr, Ba).

Be(OH), isamphoteric but other hydroxidesare basicin nature.
Reactivity towards the halogens : All the akaline earth metals combine with halogen at elevated
temperaturesforming their halides.

M+ X, - MX, (X=F,Cl,Br,l)

Thermal decomposition of (NH,),BeF, isthe best route for the preparation of BeF,, and BeCl,, is
conveniently madefrom the oxide.

BeO + C + C|2 600-800K

BeCl, + CO
Reactivity towards hydrogen : All the eements except beryllium combine with hydrogen upon
heating to form their hydrides, MH,. BeH,, however, can be prepared by the reaction of BeCl,
with LiAIH,,.

2BeCl,, + LiAIH, — 2BeH, + LiCl + AIC,
Reactivity towards acids: AEM react with acids & liberate H,,

Mg + 2HCl — MgCI, + H,
Beisamphoteric asit also react with NaOH, other metals do not react asthey are purely basic.
Be+ 2NaOH — Be(OH), s NaOH_, [Be(OH),]2-

Reducing nature: Like alkali metals, the alkaline earth metals are strong reducing agents. Thisis 2
indicated by large negative values of their reduction potentials. However their reducing power is

lessthan those of their corresponding alkali metals. Beryllium has less negative val ue compared to
other alkaline earth metals. However, itsreducing nature isdueto large hydration energy associated
with the small size of Be2* ion and rel atively large val ue of the atomi zation enthal py of the metal.
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(vi)  Solutionsin liquidammonia: Likeakali metals, the dkaline earth metal sdissolvein liquid ammonia

10.6.7

10.7

to givedeep blue black solutionsforming ammoniated ions.
M + (x +y) NH;— [M(NH),]** + 2[e(NH;), ]~ (except : Beand Mg)
From these sol utions, the ammoniates, [M(NH,) ] 2+ can be recovered.

Uses:

Be: Berylliumisusedinthemanufacture of aloys. Copper-berylliumalloysare usedinthepreparation
of high strength springs. Metallic berylliumisused for making windowsof X-ray tubes.

Mg : Magnesum forms alloyswith aluminium, zinc, manganese and tin. Magnesium-aluminium
aloysbeng light in massare usedin air-craft construction. Magnesium (powder and ribbon) is
used in flash powders and bulbs, incendiary bombs and signals. A suspension of magnesium
hydroxidein water (called milk of magnesa) isused asantacid in medicine. Magnesium carbonate
isaningredient of toothpaste.

Ca: Cacium is used in the extraction of metals from oxides which are difficult to reduce with
carbon. Calcium and barium metals, owing to their reactivity with oxygen and nitrogen at
elevated temperatures, have often been used to remove air from vacuum tubes.

Ra: Radium saltsare used in radiotherapy, for example, inthe treatment of cancer.

GENERAL CHARACTERISTICS OF COMPOUNDS OF THE ALKALINE EARTH
METALS

The dipositive oxidation state (M2*) isthe predominant valence of Group 2 elements. The alkaline
earth metalsform compounds which are predominantly ionic but lessionic than the corresponding
compounds of alkali metals. Thisis dueto increased nuclear charge and smaller size. The oxides
and other compounds of beryllium and magnesium are more covalent than those formed by the
heavier andlarge sized members(Ca, Sr, Ba). Thegeneral characteristicsof some of the compounds
of alkali earth metalsare described below.

Oxidesand Hydroxides:

The alkaline earth metal s burn in oxygen to form the monoxide, MO which, except for BeO, have
rock-salt structure. The BeO isessentially covalent in nature. The enthal pies of formation of these
oxides are quite high and consequently they are very stableto heat. BeO isamphoteric while oxides
of other elementsareionicin nature. All these oxidesexcept BeO are bascin nature and react with
water to form sparingly soluble hydroxides.

MO + H,0 — M(OH),
Thesolubility, thermal stability and the bas ¢ character of these hydroxidesincreasewith increasing

atomic number from Mg(OH),, to Ba(OH),. Thealkaline earth metal hydroxidesare, however, less
basic and less stable than alkali meta hydroxides. Beryllium hydroxideisamphoteric in natureasit
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(ii)

(iii)

reactswith acid and alkali both.
Be(OH), + 20H~ — [Be(OH),]*
Beryllateion
Be(OH), + 2HCI — 2H,0 + BeCl,
Halides:

Except for beryllium hdides, dl other haidesof alkaline earth metalsareionicinnature. Beryllium
halides are essentially covalent and soluble in organic solvents. Beryllium chloride has a chain
structure in the solid state as shown below:

CI\ /CI\B CI\
- <C|/ > >

In the vapour phase BeCl, tendsto form a chloro-bridged dimer which dissociatesinto the linear
monomer at high temperatures of the order of 1200 K. Thetendency to form halide hydratesgradually
decreases (for example, MgCl,,-8H,0, CaCl,,-6H,0, SrCl,,-6H,0 and BaCl,,-2H,,0) downthe group.
The dehydration of hydrated chlorides, bromides and iodides of Ca, Sr and Bacan be achieved on
heating; however, the corresponding hydrated halides of Be and Mg on heating suffer hydrolysis.
Thefluoridesarerelatively less soluble than the chloridesowing to their high lattice energies.

Saltsof Oxoacids: The alkaline earth metals a so form salts of oxoacids. Some of these are:

Carbonates: Carbonates of alkaline earth metalsareinsoluble in water and can be precipitated by
addition of asodium or ammonium carbonate sol ution to asolution of asoluble sat of these metals.
The solubility of carbonatesin water decreasesasthe atomic number of the metal ionincreases. All
the carbonates decompose on heating to give carbon dioxide and the oxide. Beryllium carbonateis
unstable and can bekept only inthe atmosphere of CO,,. Thetherma stability increaseswithincreasing
cationic gze.

Sulphates: The sulphatesof the akaline earth meta sareall white solids and stableto heat. BeSO,,
and MgSO, arereadily soluble inwater; the solubility decreasesfrom CaSO,, to BaSO,. The greater
hydration enthal pies of Be?* and Mg2* ionsovercomethe | attice enthal py factor and thereforetheir
sulphates are solublein water.

Nitrates: The nitrates are made by dissolution of the carbonatesin dilute nitric acid. Magnesium
nitrate crystalliseswith six molecul es of water, whereasbarium nitrate crysta lises asthe anhydrous
salt. Thisagain shows a decreasing tendency to form hydrateswith increasing size and decreasing
hydration enthal py. All of them decompose on heating to give the oxidelike lithium nitrate.

2M (NO;), — 2MO + 4NO, + O,

(M + Be, Mg, Ca, Sr, Ba)

Problem 10.4
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Why doesthe solubility of alkaline earth metal hydroxidesin water increase down the group?
Solution

Among alkaine earth metal hydroxides, the anion being common the cationic radiuswill influence
the lattice enthal py. Since lattice enthal py decreases much more than the hydration enthal py with
increasing ionic size, the solubility increases as we go down the group.

Problem 10.5

Why doesthe solubility of akalineearth metal carbonatesand sulphatesin water decrease down the
group?

Solution

The size of anions being much larger compared to cations, the lattice enthalpy will remain almost
constant within aparticular group. Sincethe hydration enthal pi es decrease down the group, solubility
will decrease asfound for alkaline earth metal carbonates and sul phates.

10.8 ANOMALOUS BEHAVIOUR OF BERYLLIUM

Beryllium, the first member of the Group 2 metals, shows anomal ous behaviour as compared to
magnes um and rest of the members. Further, it showsdiagonal relationship toaluminiumwhichis
discussed subsequently.

0] Beryllium has exceptionally small atomic and ionic sizes and thus does not compare well
with other members of the group. Because of high ionisation enthalpy and small size it
forms compoundswhich arelargely covalent and get easily hydrolysed.

(i) Beryllium does not exhibit coordination number morethan four asinitsvaenceshell there
areonly four orbitals. The remaining membersof thegroup can have acoordination number
of six by making use of d-orbitals.

(@ii)  Theoxideand hydroxide of beryllium, unlikethe hydroxidesof other e ementsin the group,
areamphotericin nature.

10.8.1 Diagonal Relationship between Beryllium and Aluminium

Theionic radius of Be?* isestimated to be 31 pm; the charge/radiusratio isnearly the sameasthat

of the AI3* ion. Hence beryllium resembles aluminium in some ways. Some of the similaritiesare:

0] Like aluminium, beryllium isnot readily attacked by acids because of the presence of an
oxidefilm on the surface of the metal.

(i) Beryllium hydroxide dissolvesin excessof akali to giveaberyllateion, [Be(OH)4]2_j ust as
aluminium hydroxide givesauminateion, [AI(OH),] .

(i)  Thechloridesof both beryllium and aluminium have Cl bridged chloride structurein vapour
phase. Both the chlorides are solublein organic solvents and are strong Lewis acids. They
are used asFriedel Craft catalysts.
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10.9

Uses:

Uses:

(iv)  Berylliumand auminiumions have strong tendency to form complexes, BeF.,AIF"
SOME IMPORTANT COMPOUNDS OF CALCIUM

Important compoundsof calcium are cal cium oxide, calcium hydroxide, ca cium sulphate, calcium
carbonate and cement. These areindustrially important compounds. The large scal e preparation of
these compounds and their uses are described below.

Calcium Oxide or Quick Lime, CaO

It isprepared on acommercial scale by heating limestone (CaCO,) inarotary kilnat 1070-1270K.

CaCO, === Ca0 + CO,
The carbon dioxideisremoved assoon asit isproduced to enabl e the reaction to proceed to compl etion.
Calcium oxide is a white amorphous solid. It has a melting point of 2870 K. On exposure to
atmosphere, it absorbsmoisture and carbon dioxide.

Ca0 + H,O — Ca(OH),

Ca0 + CO, — CaCO,
The addition of limited amount of water breaks the lump of lime. This processiscalled slaking of
lime. Quick lime slaked with soda gives solid sodalime. Being a basic oxide, it combines with
acidic oxidesat high temperature.

Ca0 + S0, — CaSiO,

6Ca0 + P,0O,, — 2Ca,4(PO,),
) It isanimportant primary material for manufacturing cement and i s the cheapest form of
akali.
(i) It isused in the manufacture of sodium carbonate from caustic soda.
(i)  Itisemployedinthe purification of sugar and in the manufacture of dye stuffs.
Calcium Hydroxide (Slaked lime), Ca(OH),,
Calcium hydroxideis prepared by adding water to quick lime, CaO.
It isawhite amorphous powder. It is sparingly soluble in water. The aqueous solution isknown as
lime water and a suspension of slaked lime in water is known as milk of lime.

When carbon dioxide is passed through lime water it turns milky due to the formation of calcium
carbonate.

Ca(OH), + CO, — CaCO, + H,0

On passing excess of carbon dioxide, the precipitate dissolvesto form cal cium hydrogencarbonate.
CaCO, + CO, + H,0 — Ca(HCO,),

Milk of limereactswith chlorineto form hypochlorite, acongtituent of bleaching powder.
2Ca(OH),, + 2Cl,, — CaCl,, + Ca(OCl), + 2H,0

@) Itisusedinthe preparation of mortar, abuilding material.

(i) Itisused in white wash dueto its disinfectant nature.
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Uses:

(i)  Itisusedinglassmaking, intanning industry, for the preparation of bleaching powder and
for purification of sugar.
Calcium Carbonate, CaCO,
Calcium carbonate occurs in nature in several forms like limestone, chalk, marble etc. It can be
prepared by passing carbon dioxide through slaked lime or by the addition of sodium carbonateto
calciumchloride.
Ca(OH), + CO, — CaCO, + H,0
CaCl, + Na,CO,; — CaCO, + 2NaCl
Excess of carbon dioxide should be avoided since this leads to the formation of water soluble
calcium hydrogencarbonate.

Cdcium carbonateisawhitefluffy powder. It isalmost insolublein water. When heated to 1200 K,
it decomposesto evolve carbon dioxide.
caco, —2* ca0 + CO,
It reactswith dilute acid to liberate carbon dioxide.
CaCO, + 2HCl — CaCl, + H,0 + CO,
CaCO,; + H,S0, — CasO, + H,0 + CO,
Itisused asabuilding material in theform of marble and inthe manufacture of quick lime. Calcium
carbonate a ong with magnesium carbonate isused asaflux inthe extraction of metalssuch asiron.
Specially precipitated CaCO, is extensively used inthe manufacture of high quality paper. Itisalso
used asanantacid, mild abrasiveintooth paste, aconstituent of chewing gum, and afiller in cosmetics.
Calcium Sulphate (Plaster of Paris), CaSO,-%2H,0
Itisahemihydrateof calciumsulphate. Itisobtaned when gypsum, CaSO,-2H,0, is heated to 393 K.
2(Cas0,.2H,0) — 2(Caso,).H,0 + 3H,0
Above 393 K, nowater of crystallisation isleft and anhydrous calcium sulphate, CaSO,, isformed.
Thisisknown as‘ dead burnt plaster’.
It hasaremarkable property of setting with water. On mixing with an adequate quantity of water it
formsaplastic massthat getsinto ahard solid in 5 to 15 minutes.

Thelargest useof Plagter of Parisisinthebuilding industry aswell asplagers. Itisused for immoblisng
the affected part of organ wherethereisabonefracture or sprain. It isalso employed indentistry, in
ornamental work and for making casts of statuesand busts.
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10.10

Cement: Cement isan important building material. It wasfirst introduced in England in 1824 by
Joseph Aspdin. Itisalso called 'Portland cement' becauseit resembleswith the natura limestone
quarried in the Isleof Portland, England.

Cement isaproduct obtained by combiningamaterial richin lime, CaO with other materid such as
clay which contains silica, SiO,, along with the oxides of aluminium, iron and magnesium. The
average composition of Portland cement is:

Ca0, 50-60%; S0, 20-25%; Al,O,, 5-10%; MgO, 2-3%; Fe,0,, 1-2% and SO, 1-2%. For a
good quality cement, theratio of silica(SiO,) to alumina(Al,O,) should be between 2.5 and 4 and
the ratio of lime (CaO) to the total of the oxides of silicon (S10,) aluminium (Al,O,) and iron
(Fe,O5) should be asclose as possibleto 2.

The raw materials for the manufacture of cement are limestone and clay. When clay and lime are
strongly heated together they fuse and react to form ‘ cement clinker’. This clinker is mixed with
2-3% by weight of gypsum (CaSO,-2H,,0) to form cement. Thusimportant ingredients present in
Portland cement are dicalcium silicate (Ca,SI0,) 26%, tricalcium silicate (Ca;SiO;) 51% and
tricalcium aluminate (Ca;Al,,Op) 11%.

Setting of Cement : When mixed with water, the setting of cement takes placeto give ahard mass.
Thisisdueto the hydration of the molecules of the constituentsand their rearrangement. The purpose
of adding gypsumisonly to dow down the process of setting of the cement so that it gets sufficiently
hardened.

Cement has become acommodity of national necessity for any country next toiron and steel. Itis
used in concrete and reinforced concrete, in plastering and in the construction of bridges, damsand
buildings.

BIOLOGICAL IMPORTANCE OF MAGNESIUM AND CALCIUM

An adult body contains about 25 g of Mg and 1200 g of Ca compared with only 5 g of iron and

0.06 g of copper. Thedaily requirement in the human body has been estimated to be 200 - 300 mg.
All enzymesthat utilise ATP in phosphate transfer require magnesium as the cofactor. The main
pigment for the absorption of light in plantsis chlorophyll which contains magnesium. About 99 %
of body calciumispresent in bonesand teeth. It aso playsimportant rolesin neuromuscular function,
interneuronal transmission, cell membraneintegrity and blood coagul ation. The calcium concentration
in plasma is regulated at about 100 mgL~L. It is maintained by two hormones: calcitonin and
parathyroid hormone. Do you know that bone is not an inert and unchanging substance but is

continuously being solubilised and redeposited to the extent of 400 mg per day in man? All this

calcium passesthrough the plasma.

Summary : The s-Block of the periodic table constitutes Groupl (alkali metals) and Group 2 :

(akaineearthmetds). They are so caled becausetheir oxidesand hydroxidesaredkainein nature.
Thedkali metd sare characterised by one s-electron and the alkaline earth meta s by two s-electrons
inthe valence shell of their atoms. These are highly reactive meta sforming monopositive (M *) and
dipositve (M 2*) ionsrespectively.

ALLEN .
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Thereisaregular trend in the physical and chemical properties of the alkali metal with increasing
atomic numbers. The atomic and ionic sizes increase and the ionization enthalpies decrease
systematically down the group.

Somewhat similar trends are observed among the properties of the alkaline earth metals.
The first element in each of these groups, lithium in Group 1 and beryllium in Group 2 shows
similaritiesin propertiesto the second member of the next group. Such smilaritiesaretermed asthe
‘diagonal relationship’ intheperiodictable.
Assuch these elementsare anomal ous asfar astheir group characteristics are concerned.

Thealkali metalsare silvery white, soft and low melting. They are highly reactive. The compounds
of alkali metasare predominantly ionic. Their oxidesand hydroxidesare solublein water forming
strong alkalies. Important compounds of sodium includes sodium carbonate, sodium chloride, sodium
hydroxide and sodium hydrogencarbonate. Sodium hydroxideismanufactured by Castner-K ellner
process and sodium carbonate by Solvay process.

The chemistry of alkaline earth metalsisvery much likethat of the alkai metals. However,
some differences arise because of reduced atomic and ionic sizesand increased cationic chargesin
caseof alkaline earth metas. Their oxidesand hydroxidesareless basic than theakali metal oxides
and hydroxides. Industrially important compounds of calcium include calcium oxide (lime), calcium
hydroxide (slaked lime), calcium sulphate (Plaster of Paris), calcium carbonate (limestone) and
cement. Portland cement isanimportant constructional material.

It ismanufactured by heating apulverised mixture of limestoneand clay inarotary kiln. Theclinker
thus obtained is mixed with some gypsum (2-3%) to give a fine powder of cement. All these
substancesfind variety of usesin different areas.

Monovaent sodium and potassium ions and divalent magnesium and calcium ions are found in
large proportionsin biological fluids. Theseionsperform important biological functionssuch as

mai ntenance of ion balance and nerve impul se conduction.
FEW IMPORTANT POINTS
0] Magnesium Peroxide (MgO,) and Calcium Peroxide (Ca0,) are obtained by passing H,O, in a
suspension of Mg(OH),, and Ca(OH).,,.
(i) MgO, is used asan antiseptic in tooth paste and as a bleaching agent.
(iii)  Preperation of NaOH : Caustication of Na,CO, (Gossage's method):
Na,CO, + Ca(OH), — 2NaOH + Cacosi
(suspension)
Sincethe Ksp (CaCO,) < Ksp (Ca(OH),), the reaction shiftstowardsright.
(iv)  Asareagent KOH islessfrequently used butin aosorption of CO,, KOH ispreferably used compared
5 to NaOH. Because KHCO, formed is soluble whereas NaHCO; is sparingly soluble and may
therefore choke the tubes of apparatus used.
(V) Calcium hydroxideisused asamortar.
[Mortar isamixture of slaked lime (1 Part) and sand (3 Parts) made into paste with water.]
(vi)  NaCl isusedto preparefreezing mixturein laboratory [|ce-common salt mixtureiscalled freezing
: mixture and temperature goesdown to —23°C.]
e (vii)  On heating MgCl,,-6H,0O undergoes hydrolysis as follows:

It Analysis, Heating Effect & s, d-Block\Eng\(ii) s-block element.p65

10de06\BOBO-BA\Kota\Ji

L 4



JEE-Chemistry

EXERCISE # O-1

SELECT THE CORRECT ALTERNATIVE (ONLY ONE CORRECT ANSWER)
Alkali metals
Cs" ionsimpart violet colour to Bunsen flame. Thisisdueto the fact that the emitted radiationsare
of -
(A) high energy (B) lower frequencies
(C) longer wave-lengths (D) zero wave number
SB0001

Thereaction of anelement A withwater produces combustible gas B and an aqueous solution of C.
When another substance D reactswith thissolution C ad so producesthe same gasB. D dso produces
the same gas even on reaction with dilute H,SO, at room temperature. Element A imparts golden
yellow colour to Bunsen flame. Then, A, B, C and D may be identified as

(A) Na, H,, NaOH and Zn (B) K, H,, KOH and Zn
(C) K, H,, NaOH and Zn (D) Ca, H,, CaCOH,, and Zn

SB0002
Which of thefollowing carbonate of dkali metalshastheleast thermal stability?
(A) Li,CO, (B) K,CO,4 (C) Cs,CO, (D) Na,CO,

SB0003
The alkali metalswhich form normal oxide, peroxide aswell assuper oxidesare
(A) Na, Li (B) K, Li (C) Li, Cs (D) K, Rb

SB0004
The pair of compounds, which cannot exist together in asolutionis
(A) NaHCO, and NaOH (B) Na,CO, and NaOH
(C) NaHCO, and Na,CO, (D) NaHCO, and H,O

SB0005
Solution of sodium metal in liquid ammoniaisastrong reducing agent due to presence of
(A) solvated sodiumions (B) solvated hydrogenions
(C) sodium atoms or sodium hydroxide (D) solvated electrons

SB0006
Theorder of solubility of lithium halidesin non-polar solventsfollowsthe order
(A)Lil >LiBr>LiCl > LiF (B) LiF>Lil >LiBr>LiCl
(C) LiCl > LiF>Lil > LiBr (D) LiBr > LiCl > LiF > Lil

SB0007
The salt which findsusesin qualitativeinorganic analysisis
(A) CusO,-5H,0 or ZnSO,-5H,0 (B) K,SO,-Al(SO,);-24H,0
(C) Na(NH,)HPO,-4H,0 (D) FesO,(NH,),S0O,-6H,0

SB0008

ALLEN .
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0. Fire extinguisherscontain
(A) conc. H,SO, solution (B) H,SO, and NaHCO, solutions
(C) NaHCO, solution (D) CaCOg solution
SB0009
10.  CsBrjcontains
(A) Cs—Br covaent bonds (B) Cs* and Br-ions
(C) Cs" and Brg-ions (D) Cs** and Br,*ions
SB0010
11, Na+Al,0, —Huhtemperatre_, (\:NO;: Y; compound Y is
(A) NaAlO, (B) NaHCO, (C) Na,CO, (D) Na,0,
SB0011
12.  ag. NaOH + P, (white) —— PH, + X; compound X is
(A) NaH,PO, (B) NaHPO, (C) Na,CO, (D) NaHCO,
SB0012
13. WhenK,Oisadded to water, the solution becomes basicin nature becauseit containsasignificant
concentration of
(A) K* (B) O*- (C) OH~ (D) 0,
SB0013
14.  Theorder of melting point of chlorides of alkali metalsis
(A) LiCl > NaCl > KCl < CsCl (B) LiCl > NaCl > KCl > CsCl
(C) NaCl > KCI > CsCl > LiCl (D) LiCl > NaCl > CsCl > KCI
SB0014
15.  NaOH(Solid) + CO —2“ X: product X is
(A) NaHCO, (B) Na,CO, (C) HCOONa (D) H,CO,
SB0015
16.  Theagueoussolutionsof lithium saltsare poor conductor of electricity rather than other alkali metals
. because of
! (A) highionisation energy
(B) high dlectronegativity
s (C) lower ahility of Li* ionsto polarize water molecules
g (D) higher degree of hydration of Li*ions
SB0016
g 17.  InLiAlH,, metad Al ispresentin
(A) anionic part (B) cationic part
(C) inboth anionic and cationic part (D) neither in cationic nor in anionic part
SB0017
18.  Whichoneof thefollowing fluoride of alkali metalshasthe highest | attice energy?
(A)LiF (B) CsF (C) NaF (D) KF
SB0018
L 4
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19.

20.

21.

22.

23.

24,

25.

26.

ALLEN .

Crown ethersand cryptandsform
(A) complexeswith alkali metals
(B) satsof alkali metals
(C) hydroxides of alkali metal s used for inorganic quantitative analysis
(D) organic sdtsof alkdi metals

SB0019
The correct order of degree of hydration of M*ions of alkali metalsis
(A) Li* <K* < Na" < Rb* < Cs* (B) Li* <Na* < K* <Rb* < Cs*
(C) Cs"<Rb" <K*<Na"<Li* (D) Cs*<Rb"<Na"<K*<Li*

SB0020

The commercial method of preparation of potassium by reduction of molten KCl with metallic
sodium at 850°C is based on the fact that

(A) potassiumissolid and sodium distils off at 850 °C

(B) potassium being more volatileand distils off thus shifting the reaction forward

(C) sodium islessreactive than potassium at 850 °C with respect to Cl,,

(D) sodium haslessaffinity to chlorideionsin the presence of potassiumion

SB0021
Alkaline earth metals
The ‘milk of magnesia used asan antacid ischemically
(A) Mg(OH), (B) MgO (C) MgCl, (D) MgO + MgCl,
SB0022

Analkaline earth metal (M) givesasat with chlorine, which issolublein water at room temperature.
It a'so forms an insoluble sulphate whose mixture with a sulphide of atransition metal is called
‘lithopone’ -awhitepigment. Metal M is
(A) Ca (B) Mg (C) Ba (D) Sr

SB0023

The hydroxide of 11" A metal, which has the lowest value of solubility product (Ksp) at normal
temperature (25°C) is

(A) Ca(OH), (B) Mg(CH), (C) Sr(OH), (D) Be(OH),
SB0024
Which of the following metal isinert towards reaction with H,O.
(A) Be (B) Na (C) Ca (D) K ?
SB0025 |
Mg,C; + H,0—— X (organic compound). Compound X is
(A) CH, (B) CH, (C) propyne (D) ethene
SB0026
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27.  Thehydration energy of Mg?*is
(A) more than that of Mg3*ion (B) morethan that of Na* ion
(C) morethan that of Al3*ion (D) more than that of Be?* ion
SB0027
28.  Thecorrect order of second ionisation potentials (IP) of Ca, BaandK is
(A) K>Ca>Ba (B) Ba>Ca>K (©)K>Ba>Ca (D) K =Ba=Ca
SB0028
29. EDTA isused in the estimation of
(A) Mg?*ions (B) Ca?*ions
(C) both C&?* and Mg?* ions (D) Mg?* ions but not Ca?* ions
SB0029
30.  Thecorrect order of solubility is
(A) CaCO, < KHCO, < NaHCO, (B) KHCO, < CaCO, < NaHCO,
(C) NaHCO, < CaCO, < KHCO, (D) CaCO, < NaHCO, < KHCO,
SB0030
31.  Thecomplex formation tendency of alkaline earth metal s decreases down the group because
(A) atomic 9zeincreases
(B) availability of empty d and f-orbitalsincreases
(C) nuclear chargeto volumeratio increases
(D) dl the above
SB0031
32.  Theakalineearth metals, which do not impart any colour to Bunsen flame are
(A) Beand Mg (B) Mg and Ca (C) Beand Ca (D) Be and Ba
SB0032
33 Y (AC  CasO,2H,0 _AL0C (X, X andY are respectively
(A) plaster of paris, dead burnt plaster
(B) dead burnt plaster, plaster of paris
(C) CaO and plaster of paris
(D) plaster of paris, mixture of gases
. SB0033
- 34, AmeaM readily formswater soluble sulphate, and water insoluble hydroxide M(OH).,. Itsoxide
MO isamphoteric, hard and having high melting point. The akaine earth metal M must be
(A) Mg (B) Be (C) Ca (D) Sr
SB0034
L 4
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35.

36.

37.

38.

39.

40.

41.

42.

ALLEN .

The purpose of addition of gypsum in the cement is -
(A) To slow down the process of setting of the cement
(B) To fasten the process of setting of the cement
(C) Not to affect the process of setting of the cement by any means
(D) None of these

SB0035
(Milky Cloud) C «<°2 A +Na,CO, —B + C
The chemical formulae of A and B are
(A) NaOH and Ca(OH), (B) Ca(OH),, and NaOH
(C) NaOH and CaO (D) Ca0 and Ca(OH),,

SB0036
The correct order of basic-strength of oxides of akaline earth metalsis
(A) BeO > MgO > Ca0 > SrO (B) SrO > CaO > MgO > BeO
(C) BeO > CaO > MgO > SrO (D) SrO > MgO > Ca0 > BeO

SB0037
X—N28 sy M0 Z(colourless gas)WT(blue colour)
Then, substancesY and T are
(A) Y =Mg;N, and T = CuSO,-5H,0 (B) Y =Mg;N, and T = CuSO,-4NH,
(C) Y =Mg(NO,), and T = CuO (D) Y =MgOand T = CuSO,-4NH,

SB0038
Weakest base among KOH, NaOH, Ca(OH), and Zn(OH), is
(A) Ca(OH), (B) KOH
(C) NaOH (D) Zn(OH),,

SB0039

If X andY are the second ionisation potentials of akali and alkaline earth metals of same period,

then -
(A)X>Y (B) X <Y (©X=Y (D) X <<Y

SB0040

In castner-kellner cell if cathodeis made up of graphite instead of mercury, then product that will

be obtained first at cathode will be -
(A) Na-amalgam (B) Naonly (C) H, gas (D) NaOH

Na* ion can form complex with which of the following ligand.
(A) Cryptands (B) Crown ether (C)Both(A)and (B) (D) None

SB0041

SB0042
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43.

45.

46.
47.

48.

49.

50.

X +C+Cl High temperature Y +CO : Y+2H20—> Z + 2HCI
2 of aboutl000K

Compound Y isfound in polymeric chain structureand isan electron deficient molecule. Y must be
(A) BeO (B) BeCl, (C) BeH, (D) AICI,
SB0043

BeCl, + LiAlH,—— X + LiCl + AICl,
(A) X isLiH (B) X isBeH,
(C) X isBeCl,-2H,0 (D) None

SB0044
The order of thermal stability of carbonatesof I1A groupis
(A) BaCO, > SrCO, > CaCO, > MgCO,
(B) MgCO, > CaCO, > SrCO, > BaCO,
(C) CaCO, > SrCO, > BaCO, > MgCO,
(D) MgCO, = CaCO, > SrCO, = BaCO,

SB0045
A pair of substanceswhich givesall the same products on reaction with water is
(A)MgandMgO  (B) Srand SrO (C) Caand CaH, (D) Be and BeO

SB0046
A metal which issolublein both water and liquid NH, separately -
(A) Cr (B) Mn (C) Ba (D) Al

SB0047
Be,C+ H,0— BeO + X
CaC, + H,O—— Ca(OH), + Y; then X and Y are respectively
(A) CH,, CH, (B) CH,, C,H, (C)CH,, CH, (D) C,H,, CH,

SB0048
Which of thefollowing groups of elementshave chemicd propertiesthat are most similar
(A) Na K, Ca (B) Mg, Sr, Ba (C) Be, Al, Ca (D) Be, Ra, Cs

SB0049
MgBr, and Mgl,, are soluble in acetone because of
(A) Theirionic nature (B) Their coordinate nature
(C) Their metallic nature (D) Their covalent nature

SB0050
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EXERCISE # O-2

SELECT THE CORRECT ALTERNATIVES (ONE OR MORE THEN ONE CORRECT ANSWERYS)

Alkali metals
Nitrogen dioxide can be prepared by heating-
(A) KNO, (B) AgNQ, (C) Po(NO,), (D) Cu(NO,),
SB0051
Which of thefollowing compoundsare not paramagnetic in nature?
(A) KO, (B) K,0, (C) Na,O, (D) RbO,
SB0052

The golden yellow colour associated with NaCl to Bunsen flame can be explained on the basis of
(A) low ionisation potential of sodium
(B) emission spectrum
(C) photosengitivity of sodium
(D) sublimation of metallic sodium of yellow vapours
SB0053

KO, findsusein oxygen cylindersused for space and submarines. Thefact(s) related to such use of
KO, idare

(A) it produces O, (B) it produces O,
(C) it absorbs CO, (D) it absorbs both CO and CO,
SB0054
The compound(s) which have —-O-O—bond(s) iare
(A) BaO, (B) Na,O, (C) CrOg (D) Fe,0,
SB0055

Highly pure dilute solution of sodium in ammonia

(A) showsblue colouration dueto solvated e ectrons

(B) showselectrical conductivity dueto both solvated electrons aswell as solvated sodiumions
(C) showsred colouration due to solvated el ectrons but abad conductor of electricity

(D) produces hydrogen gas or carbonate

SB0056
Sodium metal ishighly reactive and can be stored under
(A) toluene (B) keroseneail (C) acohol (D) benzene -
SB0057
Alkaline earth metals
The compound(s) of 11" A metals, which are amphoteric in natureis/are
(A) BeO (B) MgO (C) Be(OH), (D) Mg(OH),
SB0058

ALLEN .
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0.

10.

11.

12.

13.

14.

Thecorrect statement is/are
(A) BeCl, isacovalent compound
(B) BeCl, isan electron deficient molecule
(C) BeCl,, can form dimer
(D) the hybrid state of Bein BeCl, is sp?
SB0059
Which of thefollowing substance(s) is/are used in laboratory for drying purposes?
(A) anhydrous P,Og (B) graphite
(C) anhydrous CaCl, (D) Na,PO,
SB0060
Na,SO, is water soluble but BaSO, isinsoluble because
(A) the hydration energy of Na,SO, is higher than that of its lattice energy
(B) the hydration energy of Na,SO, islessthan that of itslattice energy
(C) the hydration energy of BaSO, islessthan that of its |attice energy
(D) the hydration energy of BaSO,, ishigher than that of itslattice energy
SB0061
Which of thefollowing statements are fal se?
(A) BeCl, isalinear moleculeinthevapour state but it is polymeric formin the solid state
(B) Calcium hydrideiscalled hydrolith.
(C) Carbides of both Be and Careact with water to form acetylene
(D) Oxides of both Be and Ca are amphoteric.
SB0062
Which of thefollowing areionic carbides?
(A) CaC, (B) AlC, (C)sic (D) Be,C
SB0063
Which of the following orders are CORRECT
(A) AgCl > AgF : Covalent character order
(B) BaO > BaF, : Mélting point order
(C) BeF, > BaF, : Solubility order
(D) LINO, < RbNQ, : Thermal stability order
SB0064
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16.

17.

18.

19.
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Which of the following statements are CORRECT :
(A) Mg ispresent in chlorophyll

(B) Alkaine earth metals does not form super oxide
(C) NaHCQ, is known as baking soda

(D) Permanent hardness of water is removed by boiling

Which of the following carbides on hydrolysis does not form methane :
(A) Be,C (B) CaC, (C) SC, (D) Mg,C,

Select the incorrect order for given properties:

(A) Thermal stability : BaSO, > SrSO, > CaSO,
(B) Solubility : BaSO, > SrSO, > CaSO,

(C) Thermal stability : Li,CO5 < Na,CO5 < K,COg4
(D) Soluhility : Li,CO5 > Na,CO5 > K,COq4

The correct statement(s) iSare

(A) Mg cannot form complexes

(B) Be canform complexesdueto avery small atomic size
(C) thefirst ionisation potential of Beis higher than that of Mg

(D) Mg formsan alkaline hydroxide while Beforms amphoteric oxides

Which of thefollowing isare the characteristic of barium?

(A) It produce water soluble sulphide, sulphite and sul phate

(B) Itisasilvery white metal

(C) Itforms Ba(NO,),, whichisused in preparation of greenfire

(D) It produce blue-black solutionin liquid ammonia

SB0065

SB0066

SB0067

SB0068

SB0069
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EXERCISE # S-1

NUMERIC GRID TYPE QUESTIONS:
Find the number of compounds from the following in which the element inthe anionic part isin the
minimum oxidation state of it
LiH, Mg,Bi,, Al,C,, Ca,P,, BaO,
SB0070
How many nitrate groups are present in 1 molecule of Basic beryllium nitrate?
SB0071
Consider the following order :
(1) CH, <CCl, <CF,: E.N. of central atom C
(2) Mg*?2 < K*<S?<Se?: lonic radius
©)) Be?azq) > Mgzazq) > Ca’(’azq) : lonic mobility
(4) Be*?2 > Li* > Al*3 : Hydrated size
(5) Be>Li > Cs: Reducing power
(6) Fo, > Clo, > Brd,
Then calculate value of |x — y|?, where x and y are correct and incorrect orders respectively.

SB0072

: Electrical conductance in infinite dilute solution

Consider the following elements :
Li, Cs, Mg, Pb, Al, N
* X =number of elements which can form MO type of oxides.
» y=thehighest oxidation state shown by any one of them.
»  z=the number of elements which can form amphoteric oxide(s).
Find the sum of x, y and z

SB0073
Fill your answer as sum of digitstill you get the single digit answer.
Find the number of s-block elementswhich can produce ammoniated cation and ammoniated el ectron
with liguid ammonia.
Li, Na K, Rb, Cs, Ca, Sr, Ba

SB0074
How many of the following metal chloridesimpart characteristic colour to the oxidising flame.
LiCl, NaCl, KCl, BeCl,, MgCl,, CaCl,, SrCl,, BaCl,

SB0075
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EXERCISE # S-2

COMPREHENSION BASED QUESTIONS

Comprehension # 1
A -4, B (oxide) + CO,
B+HO—— C
C+CO, —— A (milky)
C+NH,Cl 2, D (gas)
D+HO+CO, —— E
E+NaCl—F
F 2, NaCoO, + CO, + H,0
Alis:
(A) Ca(HCO,), (B) CaCO, (C) CaO (D) Na,CO,
SB0076
Band C are:
(A) Ca0, Ca(CH), (B) Ca(OH),, CaCO,
(C) CaCO,, Ca(CH), (D) Ca(OH),, CaO
SB0076
D,Eand Fare:
(A) NH,, NH,Cl, NH,HCO, (B) NH,, NH,HCO,, NaHCO,
(C) NH,HCO,, Na,CO,, NaHCO, (D) None
SB0076
Comprehension # 2

Alkdi metasreadily react with oxyacidsforming corresponding sdtslike M,CO,, MHCO,, MNQ,,
M, SO, etc. withevolution of hydrogen. They aso dissolveinliquid NH, but without the evolution
of hydrogen. The colour of itsdilutesolutionisblue but whenit is heated and concentrated then its
colour becomesbronze.

Among the nitrate of alkai metals which one can be decomposed to its oxide easily?

(A) NaNOg (B) KNOg (C) LINO, (D) RbNOg

SB0077
Among the carbonates of alkali metals which one has highest stability? :
(A) Cs,CO, (B) Rb,CO, (C) K,CO, (D) Na,CO,

SB0078
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6.

Which of the following statement about the sulphate of alkali metal is correct?
(A) Except Li,SO, al sulphate of other alkali metals are soluble in water
(B) All sulphates of alkali metals except lithium sulphate forms alum.
(C) The sulphates of alkali metals cannot be hydrolysed.
(D) All of these
SB0079

7. Which of the following statement about solution of alkali metalsin liquid anmoniais correct?
(A) The solution have strong oxidizing properties.
(B) Both the dilute solution as well as concentrated solution are paramagnetic in nature
(C) Charge transfer is the responsible for the colour of the solution
(D) None of these
SB0080
8. Which metal bicarbonates does not exist in solid state?
(i) LIHCO, (ii) Ca(HCO,), (iii) Zn (HCO,),
(iv) NaHCO, (v) AgHCO,
(A) (), (i), (i), (v)  (B) (i), (ii), (i) (C) (i), (ii), (V) (D) (i), (iii), (iv)
SB0081
MATCH THE COLUMN :
9. Column-| Column-I1
(A) Hydrolith (P) Contain Ca
(B) Nitrolim (Q) Usedasafertilizer
(C) Dolomite (R) Usedto prepareH,
(D) Pearl'sash (S) Contain potassum
SB0082
10. Column-| Column-I1
(A) Metal sulphate-2-metal oxide+ SO, + O, (P) Ba
(B) Metal cation + K ,CrO, — yellow ppt Q) Sr
(C) Metal + NH, "%, plye solution (R) Na
(D) MCI, + conc. H,SO, — white ppt. (S Mg
SB0083
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MATCH THE CODE :
11. List— ListI
(P) CaH, (1) Paramagneticanion
(Q KO, (2) Homodiatomic, diamagnetic anion
(R) KO, (3) Neutral agueous solution
(S) NaCl (4) Giveshydrogenon hydrolysis
Codes :
P Q R S
(A) 3 2 1 4
(B) 4 2 3 1
© 4 3 2 1
(D) 4 2 1 3
SB0084
12. Column-| Column-I1
(P) Solvay process used for (1) NeCl
(Q) Evolve CO,T on heating (2) Na,O,
(R) ag. soln. isneutral towardslitmus (3) NaHCO,
(S) Oxone (4) NaCO,
Codes :
P Q R S
(A) 34 3 1 2
(B) 4,1 1 3 2
© 2,3 4 1 3
(D) 2,4 1 3 4
SB0085
ASSERATION & REASONING :
Questions given below consist of two statements each printed as Assertion (A) and Reason (R);
while answering these questions you arerequired to choose any one of the following four responses:
(A) if both (A) and (R) aretrue and (R) isthe correct explanation of (A)
(B) if both (A) and (R) aretrue but (R) isnot correct explanation of (A)
(C)if (A) istruebut (R) isfalse
(D) if (A) isfalseand (R) istrue
13.  Assertion : Beryllium does not impart any characteristic colour to the bunsen flame.
Reason : Dueto its very high ionization energy, beryllium requires alarge amount of energy for
exciation of the electrons.
SB0086
4
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14.

15.

16.

17.

18.

19.

20.

Assertion : In fused state, calcium chloride cannot be used to dry alcohol or NH,.
Reason : Anhy. CaCl,, is not agood desiccant.

Assertion : Diagonal relationship is shown between Be and Al.
Reason : lonic potential of Beisamost the sameasthat of Al.

Assertion : Beryllium halidesdissolvein organic solvents.
Reason : Beryllium halidesareionicin character.

Assertion : BeCl, fumesinmoist air.

Reason : BeCl,, reacts with moistureto form HCI gas.

Assertion : Calcium carbide on hydrolysisgives methane.
Reason : Calcium carbide contains C,2~ anion.

SB0087

SB0088

SB0089

SB0090

SB0091

Assertion : When CQO, is passed through lime water, it first turns milky and then the solution

becomes clear when the passage of CO, is continued.

Reason : The milkinessisdueto the formation of insoluble CaCO, which then changesto
soluble Ca(HCO,),, when excess of CO, is present.

Assertion : MgCO; is soluble in water when acurrent of CO, is passed.
Reason : The solubility of MgCQO, is dueto the formation of Mg(HCO,).,.

MATCHING LIST TYPE 1x 3Q. (THREELIST TYPE Q.)

Thefollowing column 1, 2, 3represent e ements of sblock and their different oxideformation abilities.
Answer the questionsthat follow
Column-1- Elementsof s-Block
Column-2 - Product formed on reaction with excess oxygen

Column-3 - Characteristicsof speciesform on reaction with excessoxygen

Column -1 Column -2 Column - 3
Elements Product formed on reaction | Characteristics of species form
with excess oxygen on reaction with excess oxygen
() Na (A) Superoxide (P) Paramagnetic
(1) Ba (B) Peroxide (Q) Diamagnetic
(1 K (C) Monooxide (R) Bond order=1.5
(IV) Ca (D) Dioxide (S) Bond order=1

SB0092

SB0093
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21.

22.

23.

Which of the followingisan INCORRECT match.

(A) (1), (B), (QS) (B)(1),(B), (QS)  (C) (1), (A), (PR) (D) (IV), (©), (Q)
SB0094

Which of the following matcheswill result in speci es having magnetic moment equal to that of Mn*®

(A)1,(B). QS (B) IV, B, (QS) ©) IV, (A), (PR) (D) 11, (A), (PR)
SB0094

On reaction with oxygen, which of the following combination ispossible

(A)1, (A, C), (P Q) (B)1.(B), (Q)

© 11, (A, B), (RQ,9 (D)Iv,(B,0),Q

SB0094
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EXERCISE # JEE-MAIN

A metal M readily forms its sulphate MSO, which is water soluble. It forms oxide MO which
becomes inert on heating. It forms insoluble hydroxide which is soluble in NaOH. The metal M

is- [Al EEE-2002]
(1) Mg (2) Ba (3) Ca (4) Be

SB0095
KO, isused in space and submarines because it [AIEEE-2002]
(1) Absorbs CO, and increase O, concentration
(2) Absorbs moisture

(3) Absorbs CO,
(4) Produces ozone

SB0096
In curing cement plasters, water is sprinkled from time to time. Thishelpsin :- [AIEEE-2003]
(1) Hydrating sand and gravel mixed with cement
(2) Converting sand into silicate
(3) Developing interlocking needle like crystals of hydrated silicates
(4) Keeping it cool

SB0097

Thesolubilitiesof carbonates decreases down the magnesium group dueto decreasein-[AlEEE-2003]
(2) Inter-ionic attraction

(2) Entropy of solution formation

(3) Lattice energy of solids

(4) Hydration energy of cations

SB0098
The substance not likely to contain CaCQ; is :- [AIEEE-2003]
(1) Seashells (2) Dolomite
(3) A marble statue (4) Calcined gypsum

SB0099
One mole of magnesium nitride on reaction with excess of water gives :- [AIEEE-2004]
(2) Two mole of HNO, (2) Two mole of NH,
(3) 1 mole of NH, (4) 1 mole of HNQ,

SB0100
Berylium and aluminium exhibit many properties which are similar. But the two elements differ
in- [AIEEE-2004]
(1) Exhibiting maximum covalency in compounds
(2) Forming polymeric hydrides
(3) Forming covalent halides
(4) Exhibiting amphoteric nature in their oxides.

SB0101

s-Block Element
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8.

10.

11.

12.

13.

14.

15.

ALLEN .

Theionic mobility of alkali metal ioinsin agueous solution is maximum for :- [AlEEE-2006]
(1) Rb* (2) Li* (3) Na (4) K*

SB0102
The products obtained on heating LiINO; will be :- [AIEEE-2011]
(1) LINO, + O, (2) Li,O + NO, + O,
(3) LizN + O, (4) Li,O+ NO + O,

SB0103
What is the best description of the change that occurs when Na,O(s) is dissolved in
water ? [AIEEE-2011]
(1) Oxidation number of sodium decreases
(2) Oxide ion accepts sharing in apair of electrons
(3) Oxide ion donates a pair of electrons
(4) Oxidation number of oxygen increases

SB0104
Which of the following on thermal-decomposition yields a basic as well as an acidic
oxide ? [AIEEE-2012]
(1) NH,NO, (2) NaNOq (3) KCIO, (4) CaCOq

SB0105
Fire extinguishers contain H,SO, and which one of the following :-[JEE MAIN-2012, Onling]
(1) CaCOq (2) NaHCO; and Na,CO,
(3) Na,CO4 (4) NaHCO,

SB0106
Based on lattice energy and other considerations, which one of the following alkali metal chloride
is expected to have the highest melting point ? [JEE MAIN-2012, Onling]
(1) RbCl (2) LiCl (3) KCl (4) NaCl é’

SB0107 i
Which one of the following will react most vigoroudy with water ? [JEE MAIN-2012, Onling] 8
(1) Li ) K (3) Rb (4) Na

SBO108

A metal M on heating in nitrogen gasgivesY. Y on treatment with H,O givesacolourlessgaswhich

when passed through CuSO, solution gives a blue colour, Y is:- JEE MAIN-2012, Onling]
(1) NH; (2) MgO (3) MgsN, (4) Mg(NOy),
SB0109
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16. The correct statement for the molecule, Csl, is: [JEE(Main)-2014]

(2) it contains Cs3* and |- ions
(2) it contains Cs*, 1~ and lattice |, molecule
(3) it isacovalent molecule

(4) it contains Cs* and |; ions
SB0110

17.  Which of the following statements about Na&,O, is not correct ? [JEE MAIN-2014, Onling]
(1) Na,0O, oxidises Cr3* to CrO,2~ in acid medium
(2) It isdiamagnetic in nature
(3) It isthe super oxide of sodium
(4) Itis aderivative of H,0,
SB0111
18. Amongst LiCl, RbCl, BeCl, and MgCl, the compounds with the greatest and theleast ionic character,
respectively are: [JEE MAIN-2014, Online]
(1) RbCl and MgCl, (2) LiCl and RbCI
(3) MgCl,, and BeCl, (4) RbCI and BeCl,
SB0112
19. Thecorrect order of thermal stability of hydroxidesis: JEE(Main)Online-2015]
(1) Ba(OH), < Sr(OH), < Ca(OH), < Mg(OH), (2) Mg(OH), < Sr(OH), < Ca(OH), < Ba(OH),
(3) Mg(OH), < Ca(OH), < Sr(OH), < Ba(OH), (4) Ba(OH), < Ca(OH), < Sr(OH), < Mg(OH),
SB0113
20. Which of thealkaline earth metal halidesgiven below isessentially covalent in nature :-
(1) srCl, (2) CcaCl, (3) BeCl, (4) MgCl,
JEE(Main)Online-2015]
SB0114
21. Whichoneof thefollowing alkaline earth metal sulphates hasits hydration enthalpy greater thanits
| attice enthal py ? [JEE(Main)-2015]
(1) BasO, (2) SISO, (3) Caso, (4) BesO,
SB0115
22. Thecommercia namefor calcium oxideis: [JEE(Main)-2016]
(1) Quick lime (2) Milk of lime (3) Limegtone (4) Slaked lime
SB0116
- 23.  Thecorrect order of thesolubility of alkaline-earth metal sulphatesinwater is: [JEE(M ain)-2016]
' (1) Mg < Sr < Ca< Ba (2) Mg < Ca< S <Ba
(3) Mg>Ca> S >Ba (49 Mg > Sr > Ca>Ba
SB0117
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24,

25.

26.

27.

The main oxides formed on combustion of Li, Naand K in excess of air are respectively :

(1) Li,O, N&,0O, and KO, (2) Li,O, Na,0 and KO, [JEE(Main)-2016]
(3) LiO,, N&,0O, and K,O (4) Li,0,, Na,0O, and KO,

SB0118
Both lithium and magnesium display several similar properties due to the diagona relationship ;
however, the one which isincorrect is: [JEE(Main)-2017]

(1) Both form basic carbonates

(2) Both form soluble bicarbonates

(3) Both form nitrides

(4) Nitrates of both Li and Mg yield NO2 and O2 on heating

SB0119
Which of the following ions does not liberate hydrogen gas on reaction with dilute acids?
(D Tiz* (2) Crz+ [JEE(Main)-2017 on line]
(3) Mn2* (4) v+

SB0120

In KO,, the nature of oxygen species and the oxidation state of oxygen atom are, respectively
[JEE(Main)ONLINE-2018]
(1) Superoxide and —1/2
(2) Oxide and -—2
(3) Peroxide and —1/2
(4) Superoxide and -1
SB0121
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EXERCISE # JEE-ADVANCED
The speciesthat do not contain peroxide linkage are - [JEE 1992]
(A) PO, 7(B) H,0, (C) Sro, (D) BaO,
SB0122

Read the following statement and explanation and answer as per the options given below :
Statement-1: Thealkali metalscan formionic hydrideswhich contain the hydrideion H-.
Statement-2: Theakali meta shavelow electronegativity ; their hydridesconduct e ectricity when
fused and liberate hydrogen at the anode. [JEE 1994]
(A) Both 1 and 2 aretrue and 2 is the correct explanation of 1.

(B) Both 1 and 2 aretrue but 2 is not the correct explanation of 1.

(C) listruebut 2isfase.

(D) lisfalsebut 2istrue.

SB0123
Thefollowing compoundshave been arranged inorder of their increasng therma stabilities. Identify
the correct order. [JEE 1996]
K,CO4(1) MgCO4(I1) CaCO4(l11) BeCO4(1V)
A)I<l<Il<IV B)IV<II<l<I
O IvV<ili<I<ll D)l <IV<Il<I

SB0124
Property of al the alkaine earth metalsthat increase with their atomic number is- [JEE 1997]
(A) ionisation energy (B) solubility of their hydroxides
(C) solubility of their sulphate (D) electronegativity

SB0125
Highly puredilute solution of sodiuminliquid ammonia- [JEE 1998]
(A) shows blue colour (B) exhibitsdectricd conductivity
(C) producessodium amide (D) produces hydrogen gas

SB0126
The set representing the correct order of first ionization potential is- [JEE 20015
(A) K>Na>Li (B)Be>Mg>Ca (CB>C>N (D) Ge>Si>C

SB0127

Asseration and Reason
Thisquestions contans statement-1 (asseration) and satement-2 (reason) and has4 choices(a), (b),
(c) and (d) out of which only oneis correct.
Statement-1: Alkali metalsdissolvein liquid ammoniato give blue solutions. because.
Statement-1: Alkali metalsis liquid ammonia give solvated species of the type [M(NH,) *
(M =dkali metals). [JEE 2007]
(A) Both 1 and 2 aretrue and 2 is the correct explanation of 1.
(B) Both 1 and 2 aretrue but 2 is not the correct explanation of 1.
(C) listruebut 2isfase.
(D) lisfasebut 2istrue.

SB0128
The compound(s) formed upon combustion of sodium metal inexcessairis(are) [JEE 2009]
(A) Na,O, (B) Na,© (C) NaO, (D) NaOH
SB0129
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ANSWER KEY

13.
17.
21.
25.
29.
33.
37.
41.
45.
49.

13.
17.

1
5.
6.

(A)
(A)
(B)
(©
(A)
(B)
(A)
(©)
(A)
(B)
(®
(A)
(B)

(B),(C), (D)
(A).(B).(C)
(A).(B).(C)
(A).(B).(D)
(B). (D)

(4)
(8)
(6)

EXERCISE # O-1

2.(A) 3.(A)
6.(D) 7.(A)
10.(C) 11.(C)
14.(C) 15.(C)
18.(A) 19.(A)
22.(A) 23.(C)
26.(C) 27.(B)
30. (D) 31.(A)
34.(B) 35.(A)
38.(B) 39. (D)
42.(C) 43. (B)
46.(C) 47.(C)
50. (D)

EXERCISE # O-2

2.(B),(©) 3.(A),(B)
6.(A), (B) 7.(A), (B),(D)
10. (A),(C) 11.(A), (C)

14.(A),(B).(C),(D)  15.(A),(B).(C)
18.(B).(C).(D) 19. (B).(©),(D)

EXERCISE # S-1
2.(6) 3. (4)

4.(D)
8.(C)

12.(A)
16. (D)
20.(C)
24. (D)
28.(A)
32.(A)
36.(B)
40. (A)
44.(B)
48.(C)

4.(A),(C)
8.(A),(C)
12.(C),(D)

16. (B),(C),(D)

4. (10), OMR - (1)

Except Be & Mg other s-block metalsimpart characteristic colour to oxidising flame.
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s-Block Element

EXERCISE # S-2

Comprehension Based Questions

Comprehension #1

1. (B) 2. (A) 3.(B)

Comprehension # 2

4.(C) 5. (A) 6. (D) 7. (D)

Match thecolumn
9. A)-»PR;B)-PQ;(C)—-P;(D)—-S
10. (A) -P,Q,S;(B) - PQ; (C) - PQ,R; (D) -PQ

M atch the code
11. (D) 12. (A)

Asseration & Reasoning

13. A 14.C 15. A 16. C
17. A 18. D 19. A 20. A
21.C 22.D 23.B

EXERCISE # JEE-MAIN

1. (4) 2.(2) 3.(3) 4. (4)
5. (4) 6.(2) 7.() 8. (1)
9. (2) 10. (3) 11. (4) 12. (4)
13. (4) 14. (3) 15. (3) 16. (4)
17. (3) 18. (4) 19. (3) 20. (3)
21. (4) 22.(1) 23. (3) 24. (1)
25. (1) 26. (3) 27. (1)
EXERCISE # JEE-ADVANCED

1A 2. A 3. B 4.B
5. A,B 6. B 7. B 8. AB

8. (A)
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d-BLOCK COMPOUND

TRANSITION ELEMENTS

4 Definition : They one often called 'transition elements' because their position in the periodic table is)
between s-block and p-block elements
Typically, the transition elements have incompletely filled d-level. Since Zn group has d'°
configuration in their ground state as well as in stable oxidation state, they are not considered as
transition elements but they ared-block elements.
N J
2nd Series
Y Zr Nb Mo | Te Ru Rh Pd Ag Cd
Z 39 40 41 42 43 44 45 46 47 48
Ss 2 2 1 1 2 1 1 0 1 2
4d 1 2 4 5 5 7 8 10 10 10
La Hf Ta W Re Os Ir Pt Au Hg
Z 57 72 73 74 75 76 77 78 79 80
6s 2 2 2 2 2 2 2 1 1 2
5d 1 2 3 4 5 6 7 9 10 10
4th Series
Ac Rf Db Sg Bh Hs Mt Ds Rg Uub
zZ 89 104 105 106 107 108 109 110 111 112
7s 2 2 2 2 2 2 2 2 1 2
6d 1 2 3 4 5 6 7 8 10 10
General Characteristics :
(D Metallic character : They are all metal and good conductor of heat & electricity )
(i)  Electronic configuration : (n—1)d'-1%ns!-2
Sc Ti \" Cr Mn Fe Co Ni Cu Zn
others are 4s! 4s!
as usual 3d° 3d10
(iii)y M.P. Cr —— Maximum Zn lowest m.p.
Mo ; 6 no. of unpaired e7s Cd ( due to no unpaired e~
W are involved in metallic bonding Hg ’ for metallic bonding
- J
L 4

ALLEN .
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Fig. : Trends in melting points of transition elements

67) Variation in atomic radius : )
Sc — Mn Fe Co Ni Cu Zn
%,—/
decreases remains 1increases
\_ same again )
919
J1s
=X 417 g
{16 7
415 "§
. 24
e B
113
——a
L L L L L L L L 12

Sc Tt V Cr Mn Fe Co Ni Cu Zn
----- Y Zr Nb Mo Tc Ru RhPd Ag Cd
—=La Hf Ta W Re Os Ir Pt Au Hg

Fig. 8.3: Trends in atomic radii of
transition elements

(v)  Ionisation energy :
1st, 2nd 314 [E's are increasing from left to right for 15 Transition series, but not regularly.
For 2" [E Cr > Fe > Mn and Cu > Zn
For 3" IE Mn > Cr > Fe and Zn has highest.

(vi) DENSITY
(a) The atomic volume of the transition elements are low, compared with s-block, so their density]
is comparatively high (D = M/V)
(b) 0s(22.57 gm cm—3) and Ir (22.61 gm cm—3) have highest density.

(c) Inall the groups (except I1IB) there is normal increase in density from 3d to 4d series, and from)
4d to 5d, it increases just double. Due to lanthanide contraction Ex. : Ti < Zr << Hf D

4
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(d)

In 3d series

Se Ti V Cr Mn Fe Co Ni Cu Zn

Density/g em=3 3.43 4.1 6.07 7.19 721 7.8 8.7 8.9 89 7.1

©)
®

In 3d series highest density — Cu lowest density — Sc
Some important orders of density

Fe < Ni < Cu Fe < Cu < Au Fe < Hg < Au

Electronic configurations and some other properties of the first series of transition elements

Element Sc Ti \'% Cr Mn Fe Co Ni Cu Zn
Atomic number 21 22 23 24 25 26 27 28 29 30
Electronic configuration
M 3d'4ss  3d4s  3d4s  3d4sS  3d4sT  3dAsT  3d4sT 3d"4s’ 3d4s'  3d“4s
M’ 3d'4s'  3d4s'  3d4s' 3d 3d4s'  3d4s'  3d4s' 3d4s' 3d" 3d"4s'"
M 3d' 3d 3d 3d' 34 3d 3d 3d 3d 34"
M* [Ar] 3d' 3d 3d 3d* 3d’ 3d 3d - -
Enthalpy of atomisation, A,H/kJ mol™
326 473 515 397 281 416 425 430 339 126
Ionisation Enthalpy, A,H®/kJ mol”
AH® I 631 656 650 653 717 762 758 736 745 906
1l 1235 1309 1414 1592 1509 1561 1644 1752 1958 1734
111 2393 2657 2833 2990 3260 2962 3243 3402 3556 3829
Metallic/Ionic M 164 147 135 129 137 126 125 125 128 137
radii/pm M - - 79 82 82 77 74 70 73 75
M 73 67 64 62 65 65 61 60 - -
Standard
electrode MM — -1.63 -1.18 090 -1.18 -044 —0.28 -0.25 +034  -0.76
potential E®/V MM - -037 026 041 +1.57 4077  +1.97 - - -
Density/g cm” 3.43 4.1 6.07 7.19 7.21 7.8 8.7 8.9 8.9 7.1

VARIABLE OXIDATION STATES POSSIBLE :

(D

2

3

“)
®)

The elements which give the greatest number of oxidation states occur in or near the middle

of the series. Manganese, for example, exhibits all the oxidation states from +2 to +7.

The lesser number of oxidation states at the extreme ends stems from either too few electrons
to lose or share (Sc, Ti) or too many d electrons (hence fewer orbitals available in which to

share electrons with others) for higher valence (Cu, Zn).

Thus, early in the series scandium(II) is virtually unknown and titanium (IV) is more stable than
Ti(III) or Ti(ID).

At the other end, the only oxidation state of zinc is +2 (no d electrons are involved).

The maximum oxidation states of reasonable stability correspond in value to the sum of the s
and d electrons upto manganese (Ti"O,, VYO, *, Cr'O,*, Mn*"O,") followed by a rather abrupt

decrease in stability of higher oxidation states, so that the typical species to follow are Fe'!!,
COH,HI NiH CuI,H ZnH.

ALLEN .
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(6) The variability of oxidation states, a characteristic of transition elements, arises out of incomplete
filling of d orbitals in such a way that their oxidation states differ from each other by unity, e.g.,
Vll Vlll VIV VV.

(7) Thisisin contrast with the variability of oxidation states of non transition elements where oxidation
states normally differ by a unit of two.

(8) An interesting feature in the variability of oxidation states of the d—block elements is noticed
among the groups (groups 4 through 10).

(9) In group 6, Mo(VI) and W(VI) are found to be more stable than Cr(VI). Thus Cr(VI) in the form
of dichromate in acidic medium is a strong oxidising agent, whereas MoO, and WO, are not.

(10) Low oxidation states are found when a complex compound has ligands capable of m-acceptor
character in addition to the -bonding. For example, in Ni(CO), and Fe(CO),, the oxidation
state of nickel and iron is zero.

(11) As the oxidation number of a metal increases, ionic character decreases. In the case of Mn, Mn O,
is a covalent green oil. Even CrO, and V, O, have low melting points. In these higher oxides,
the acidic character is predominant. Thus, Mn O, gives HMnO, and CrO, gives H ,CrO, and
H,Cr,0.. V0, is, however, amphoteric though mainly acidic and it gives VO’ as well as VO *
salts. In vanadium there is gradual change from the basic V O, to less basic V,0O, and to
amphoteric V,O,. V,0, dissolves in acids to give VO** salts. Similarly, V O, reacts with alkalies
as well as acids to give VO’ and VO, respectively. The well characterised CrO is basic but
Cr,0O, is amphoteric.

Oxidation states of the I* transition series

most common ones are in bold types :

U U O 00 S T OO N
+7

Trends in stability of higher oxidation state :

(1) Table shows the stable halides of the 3d series of transition metals. The highest oxidation numbers
are achieved in TiX| (tetrahalides), VF, and CrF,. The +7 state for Mn is not represented in simple
halides but MnO,F is known, and beyond Mn no metal has a trihalide except FeX, and CoF,.

(2) The ability of fluorine to stabilise the highest oxidation state is due to either higher lattice energy
as in the case of CoF,, or higher bond enthalpy terms for the higher covalent compounds, e.g.,
VF, and CrF..

(3) Although VVisrepresented only by VF_, the other halides, however, undergo hydrolysis to give
oxohalides, VOX..

(4) Another feature of fluorides is their instability in the low oxidation states e.g.,
VX, (X =CI, Bror I
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Formulas of halides of 3d-metals

Oxidation
Number

+6 CrF;

+5 VF, CrF,

+4 TiX, VX, CrX,  MnF,

+3 TiX, VX, CrX, MnF, FeX, CoF

+2 TiX," VX, CrX, MnX, FeX, CoX, NiX, CuX; ZnX,
+1 Cux"

Key : X=F>I[;X'=F>Br; X'"=F->Cl; X"=Cl > 1

and the same applies to CuX. On the other hand, all Cu(II) halides are known except the iodide.

In this case, Cu** oxidises I to L;:
2Cu* + 41 — Cu I (s) + I

(5) However, many copper (I) compounds are unstable in aqueous solution and undergo

disproportionation.
2Cu* —» Cu** + Cu
(6) The stability of Cu**(aq) rather than Cu*(aq) is due to the much more negative AHdeO of Cu**(aq)
than Cu*, which more than compensates for the second ionisation enthalpy of Cu.
(7) The ability of oxygen to stabilise the highest oxidation state is demonstrated in the oxides.

(8) The highest oxidation number in the oxides coincides with the group number and is attained
in Sc¢,0, to Mn,O..

(9) Beyond Group 7, no higher oxides of Fe above Fe O,, are known, although ferrates (VI)(FeO 4)2*

273
, are formed in alkaline media but they readily decompose to Fe,O, and O,.

(10) Besides the oxides, oxocations stabilise V¥ as VO3, V!V as VO** and Ti'"V as TiO**

(11) The ability of oxygen to stabilise these high oxidation states exceeds that of fluorine. Thus the
highest Mn fluoride is MnF, whereas the highest oxide is Mn,O,. The ability of oxygen to form

multiple bonds to metals explains its superiority.

(12) In the covalent oxide Mn,O,, each Mn is tetrahedrally surrounded by O’s including a
Mn-O-Mn bridge.

(13) The tetrahedral [MO,]" ions are known for VY, CrY, Mn", Mn"' and Mn"".

ALLEN .
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d-Block Compound
FORMATION OF COLOURED ION :
Colour : (aquated) Sc3*t —— colourless
Ti* —— colourless Ti** —— purple
V4 —— blue V3* —— green
V2 —— violet Cr?* —— blue
Cr¥* —— violet Mn3* —— violet
Mn?* —— light pink Fe?* —— light green
Fe3* —— yellow Co** —— pink
Ni** ——> green Cu?>* —— blue

7Zn%* —— colourless

CATALYTIC PROPERTIES

)

2)

€)

“4)

The transition metals and their compounds are known for their catalytic activity. This activity
is ascribed to their ability to adopt multiple oxidation states and to form complexes. Vanadium(V)
oxide (in Contact Process), finely divided iron (in Haber’s Process), and nickel (in Catalytic

Hydrogenation) are some of the examples.

Catalysts at a solid surface involve the formation of bonds between reactant molecules and
atoms of the surface of the catalyst (first row transition metals utilise 3d and 4s electrons for

bonding).

This has the effect of increasing the concentration of the reactants at the catalyst surface and also

weakening of the bonds in the reacting molecules (the activation energy is lowering).

Also because the transition metal ions can change their oxidation states, they become more
effective as catalysts. For example, iron(Ill) catalyses the reaction between iodide and

persulphate ions.

- 2— 2—
21"+ 8,0, — 1, + 2SO,

An explanation of this catalytic action can be given as:

2Fe* + 21" —» 2 Fe* + L

2 Fe* + 8,0, — 2Fe* + 250,
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[ Catalyst Used )

TiCly — Used as the Ziegler-Natta catalyst in the production of polythene.

V,05 —> Convert SO, to SO5 in the contact process for making H,SO,

MnO, — Used as a catalyst to decompose KClO; to give O,

Fe — Promoted iron is used in the Haber-Bosch process for making NH3

FeCl, — Used in the production of CCl, from CS, and Cl,

PdCl, — Wacker process for converting C,H, + H,O + PdCl, to CH;CHO
+ 2HCI + Pd.

Pd —> Used for hydrogenation (e.g. phenol to cyclohexanone).

Pt/PtO —_— Adams catalyst, used for reductions.

Pt — Formerly used for SO, —— SOj5 in in the contace process for making
H,SO,4

Pt/Rh — Formerly used in the ostwald process for making HNO; to oxidize
NHj to NO

Cu —> Is used in the direct process for manufacture of (CH3),SiCl, used to make
silicones.

Cu/V —> Oxidation of cyclohexanol/cyclohexanone mixture to adipic acid which is
used to make nylon-66

CuCl, — Deacon process of making Cl, from HCl

Ni — Raney nickel, numerous reduction processes (e.g. manufacture
of hexamethylenediamine, productiomn of H, from NHj;, reducing
anthraquinone to anthraquinol in the production of H,O,

\_ FeSO4 + H)O,——  Used as Fenton's reagent for oxidizing alcohols to aldehydes.

Formation of Interstitial Compounds

Interstitial compounds are those which are formed when small atoms like H, C or N are trapped inside

the crystal lattices of metals. The principal physical and chemical characteristics of these compounds

are as follows:

(1) They have high melting points, higher than those of pure metals.

(i) They are very hard, some borides approach diamond in hardness.

(i) They retain metallic conductivity.

(iv) They are chemically inert.

Alloy Formation

An alloy is a blend of metals prepared by mixing the components. Alloys may be homogeneous solid

solutions in which the atoms of one metal are distributed randomly among the atoms of the other.

Such alloys are formed by atoms with metallic radii that are within about 15 percent of each other.

Because of similar radii and other characteristics of transition metals, alloys are readily formed by

these metals. The alloys so formed are hard and have often high melting points.

J
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The best known are ferrous alloys: chromium, vanadium, tungsten, molybdenum and manganese
are used for the production of a variety of steels and stainless steel. Alloys of transition metals with
non transition metals such as brass (copper-zinc) and bronze (copper-tin), are also of considerable

industrial importance.
CHROMATE -DICHROMATE
Residue(Fe,05)
Filtrate(Na,CrOy)
Dissolve in water
and filtered
P tion : 4FeCr,0, + 8Na,CO, + 70, — X0-100C +8CO,T
reparation © 1'2 4 32 3 2 red hotin presence of air 8Na2CrO4 +2F6203 2
(chromite ore)

[Lime (CaO) added with Na,CO, which keeps the mass porous so that air has access to all partsﬂ

and prevents fusion]

Then, 2Na,CrO, + H,SO, —> Na,SO,{ + Na,Cr,0, + H,0
conc. It's solubility Hence, suitable temp. is to be

upto 32°C increases } employed to crystallise out

and then decreases Na,SO, first.

Then Na,Cr,0, is crystallised out as Na,Cr,0,-2H,0 on evaporation.

(red crystal) /

How to get K,Cr,0, :

Na,Cr,0, +2KCl €, ¥ Cr,0, + 2NaCl
hotconc decomposition

NaCl crystallises out first and filtered off. Then K,Cr, O, crystallised out on cooling

The chromates and dichromates are interconvertible in aqueous solution depending upon pH
of the solution. The oxidation state of chromium in chromate and dichromate is the same.
2CrO* +2H" - Cr,0> + HO
Cr,0* + 20H - 2CrO,> + HO
The structures of chromate ion, CrO 42‘ and the dichromate ion, Cr2072‘ are shown below. The
chromate ion is tetrahedral whereas the dichromate ion consists of two tetrahedra sharing one corner
with Cr—-O—Cr bond angle of 126°. Sodium and potassium dichromates are strong oxidising agents;
the sodium salt has a greater solubility in water and is extensively used as an oxidising agent in organic
chemistry. Potassium dichromate is used as a primary standard in volumetric analysis. In acidic
solution, its oxidising action can be represented as follows:

Cr,0.> + 14H* + 6e” — 2Cr* + TH,0 (g°= 1.33V)
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ALLEN .
__ —2 — —2-
O (0) O
| N g
Cr o— Cr 126° Yor—@©
AN / ON
O o O O 20
"~ Chromate ion - Dichromate ion o

Thus, acidified potassium dichromate will oxidise iodides to iodine, sulphides to sulphur, tin(I) to
tin(IV) and iron(II) salts to iron(III). The half-reactions are noted below:

61 — 3L +6e ; 3 Sn** - 3Sn** + 6e-
3H,S — 6H" + 3S + 6e™ ; 6 Fe* —» 6Fe* + 6e-

The full ionic equation may be obtained by adding the half-reaction for potassium dichromate to the
half-reaction for the reducing agent, for e.g.,

CrzOf* + 14H* + 6Fe** — 2Cr* + 6Fe’* + 7H,0

Sol.

Sol.

~

Similarities between hexavalent Cr & S-compounds :
1 SO, & CrO; — both acidic.

(i) S —>S0;,s,0i,Cr—>Cr0; , Cr,03"
(111) CrO;2 & SOi_ are isomorphous
(iv)  SO,Cl, & CrO,Cl, —>—> S02" & CrO? respectively.
V) SO,Cl" & CrO,Cl- —22— 502~ & CrO?”
T
(vi)  CrO; & B(SO,) has same structure —Cr-O—-Cr-0O-Cr—
I I |
¢ 0 0

In laboratory K,Cr,0, is used mainly not Na,Cr,0,. Why?
Na,Cr,0, is deliquescent enough and changes its concentration and can not be taken as primary

standard solution whereas K,Cr,O, has no water of crystallisation and not deliquescent.

How to standardise Na,S,0; solution in iodometry?

K,Cr,0, is primary standard = strength is known by weighing the salt in chemical balance and dissolving

in measured amount of water.
Then in acidic solution add. KI
Cr2072* + 14H* + 61 —— 2Cr3+ + 31, + 7TH,0

This I, is liberated can be estimated with 82032‘.
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PREPARATION OF MANGANATE (MnO i_) :-

MnO, —— Mn0O2~[2MnO, + 4KOH + O, —> 2K,MnO, + 2H,0]
or NaOH,

; ; reen
A in presenceof air ﬁlelt MnO, + 2KOH + KNO, — K,MnO, + KNO, + H,0
3MnO, + 6KOH + KCIO, — 3K,MnO, + KCl + 3H,0

IfKOH K5>MnOy(isomorphrous

d .
%gilt(ir Green soln. evg)?) — e with K,S0,)
alkali used isomorphrous with
Nast4. 10H20
o 0

| ||
1N 1N

Tetrahedral Tetrahedral
manganate permanganate
(green) ion (purple) ion

In presence of KCIO, & KNO, the above reaction is more faster because these two on decomposition
provides O, easily.

Manganate is also obtained when KMnO, is boiled with KOH.
4KMnO, + 4KOH __boiled . 4K MnO, + 2H,0 + O,

Properties : The above green solution is quite stable in alkali, but in pure water and in presence of
acids, depositing MnO, and giving a purple solution of permanganate.

3K,MnO, + 2H,0 —> 2KMnO, + MnO, { + 4KOH

purple drak brown

Prob. : E° . =226V ; E° - =-056V
MnOy /MnO2 MnOj /MnO4

Prove that MnO i_ will disproportionate in acidic medium.

Conversion of MnO >~ to MnO
3K,MnO, + 2H,S0, —> 2KMnO, + MnO, ¥ + 2K,SO, + 2H,0
or  3K,MnO, + 2H,0 + 4CO, —> 2KMnO, + MnO, + 4KHCO,

But in the above method % of Mn is lost as MnO, but when oxidised either by Cl,or by O,

2K,MnO, + Cl, — 2KMnO, + 2KCl [Unwanted MnO, does not form]
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[ OR )
2K,MnO, + O; + H,O —— 2KMnO, + 2KOH + O,

OR
Electrolytic oxidation in

M nOi_ alkaline solution MHO;

Manganate permanganate ion
Oxidising Prop. of KMnQO, : (in acidic medium)
(1) MnO, + Fe*? + H* — Fe*3 + Mn*? + H,0
(i1) MnO; + I" + H* — Mn*? + I, + H,0
(iiiy ~ MnO, + H,0, + H* —— Mn*? + O, + H,0

@

(iv)  MnOj+SO, —— Mn*?+ H,SO,
(v) MnO; + NO, + H* — Mn*?+NO; + H,0
(vi)  MnO, + H,C,0,+ H" —— Mn*2+CO,+ H,0
(vi)  MnOj + H,S —> Mn** + S { + H,0
(viii) MnO, +S,0,> —>Mn?* +§ y+ SO s

(1)* TItisnotaprimary standard since it is difficult to get it in a high degree of purity and free from traces
of MnO,.

(2)*  Itis slowly reduced to MnO, especially in presence of light or acid
4MnO, +4H* —— 4MnO, + 2H,0 + 30,

Hence it should be kept in dark bottles and standardise just before use.

QX) 2KMnO, + 16HCl — 2KClI + 5Cl, + 8H,0 + 2MnCl, D ‘E
Note: Permanganate titrations in presence of hydrochloric acid are unsatisfactory since %
hydrochloric acid is oxidised to chlorine. ;:

4 Oxidising Prop. of KMnO, in neutral or faintly alkaline solution. ) %

i
2MnO, +20H-—> 2MnO2 +H,0 + O. Then 2MnO? + 2H,0 —> 2MnO, + 40H" + 20|

(1) 2KMnO, + H,0 + KI — 2MnO, + 2KOH + KIO, _%i

(i)  2KMnO, + 3HCO,K — 2MnO, + KHCO, + 2K,CO, + H,0 ;

(iii) 2KMnO, + 3H,0, — 2KOH + 2MnO, + 2H,0 + 30, %

(iv)  Thiosulphate is oxidised almost quantitatively to sulphate: gﬁ

 8MmO , + 35,0, + HO —> 8MnO, + 650,> + 20H" ) 2

¢ E
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4 Oxidising Prop. in neutral or weakly acidic solution: )\
. +2
(i)  2KMnO, + 3MnSO, + 2H,0 —Presene 2n "0 200, 5hipQ) 4 K,SO, + 2H,SO,
or MnO, + Mn*? + 2H,0 — 5MnO, + 4H*
In absence of Zn*? ions, some of the Mn*? ion may escape, oxidation through the formation of
insoluble Mn"'[Mn'VO,] manganous permanganite.
Uses of KMnO,, :
Besides its use in analytical chemistry, potassium permanganate is used as a favourite oxidant in
preparative organic chemistry. Its uses for the bleaching of wool, cotton, silk and other textile fibres
and for the decolourisation of oils are also dependent on its strong oxidising power.
* In laboratory conversion of Mn*? to MnO/, is done by :
(i) PbO, (ii) Pb,O, + HNO,  (iii) Pb,0O; + HNO, (iv) NaBiO,/H*
(v) (NH,),S,0, / H* (vi) KIO, /H*
A
Heating effect : 2KMnO, ——> K MnO, + MnO, + O,
200°C
green Black
at red
2K, MnO, ——2K,MnO; + O,
hot
SILVER AND ITS COMPOUND
ag. regia
Not dissolved
/ /M’ No effect
. Moist air
D Metallic Ag
. NS ek [4Ag + 2H,S +0—>2Ag,S + 2H,0]
H H,SO
: 2Ag +2H,S0,—>Ag,S0,+ SO, + H,0
: HNOs | Ag + 2HNO;—>AgNO;+NO, + H,0
£ hot conc.
§ Ll Not affected dil. HC]
E) o + < EO +
£ Ag/Ag H,/H
: Hence in presence of O,.
:;7 Ag reacts with dil.HCI
3 4Ag + 4HCl + 0y —> 4AgCl|+2H,0
3
f In the same way in presence of O,, Ag complexes with NaCN / KCN.
E 4Ag + 8KCN + 2H,0 + O, — 4K[Ag(CN),] + 4KOH
: \_ Prepration : Reaction of Ag with dilute HNO, or conc. HNO;. )
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/~  Properties: )
(1) Itis called as lunar caustic because in contact with skin it produces burning sensation like that
of caustic soda with the formation of finely devided silver (black colour)
(i1) Thermal decomposition : 2AgNO,(s) — 2Ag (s) + O, (g) + 2NO, (g)
(i) Props. of AgNO,
6AgNO, + 31, + 3H,0 —>5Agl + AglO, + 6HNO,
(excess)
(iv)  Ag,SO, A y2Ag+ SO, + 0O,
v) A(AgNO,) —B 5 white ppt appears quickly
addzd Explain
B(Na,S,0,) w It takes time to give white ppt.
(vi)  Ag,S,0,+H,0_2 , Ag,S + H,SO,
AgCl, AgBr, Agl (but not Ag,S) are soluble in Na,S,0, forming
[Ag(S,05),]7 complexes
(vii)  AgBr+ AgNO, __KBr , AgBr | + KNO,
Pale yellow
ppt.
Heating effect : 2AgNO, %2AgNOZ + 0,
2AgNO, —%C ;2A¢ +2NO + O,
290 8 4 soluble
ANO;- I ApCT L8 Al + HCI 3
Xeg oT—asCOs Agl [4AgCT 12Na,CO; —5 4Agh | 4NaCl12C0, 10,] :
'98908 a (conc.) - -7 %
(viii) o Agy)O [2AgCl +2NaOH —> Ag,0+ 2NaCl+H,0] H
X\g« glucose %
AgO Black 5
A Agd [Ag,0 +CgH ,05—> 2Ag! + CsH |, CO,H] g
- (CH,L0,) ]
gluconic acid %
Ag,0 + H,0,—> 2Ag + H,0 + 0, :
K,S,04 + 2AgNO; + 2H,0 — 2Ag0 + 2KHSO, + 2HNO, j
* AgO supposed to be paramagnetic due to d° configuration. But actually it is diamagnetic and ;
exists as Agl [AgO,] I
2 2
* Reaction involved in developer : %
K, Fell(C,0,), + AgBr— KFe!l' (C,0,), + Agl + KBr %
- S
¢ E
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4 )
ZINC COMPOUNDS
ZnO
It is called as phillospher's wool due to its wooly flock type appearance
Preparation: [1] 2Zn + O, — 2Zn0
2] Calcination of ZnCO; or Zn(NO,), or Zn(OH),
Purest ZnO : 4ZnSO, + 4Na,CO; + 3H,0 — ZnCO;-3Zn(OH), I+ 4Na,SO, + 3CO,
white basic zinc
carbonate
A
47Zn0 +3H,0 T +CO, T
pure
Properties: 1] Zn0O(cold) é ZnO(hot)
white yellow
2] It isinsoluble in water
3] It sublimes at 400°C
4] It is amphoteric oxide , react with acid & base both.
Zn0 + 2HCl — ZnCl, + H,0
Zn0O + H,SO, — ZnSO, + H,0
Zn0 + 2NaOH —— Na,Zn0O, + H,0
5] ZnO——Znby H, & C
ZnO + H, —=*C ,7n + H,0
Zn0+C—>7Zn +CO
6] It forms Rinmann's green with Co(NO,),
2Co(NO,), —> 2Co0 + 4NO, + O,
CoO + ZnO —— CoZnO, or CoO-ZnO
Rinmann's green
Uses: (1) As white pigment, it is superior than white lead because it does not turn into black
2) Rinmann's green is used as green pigment
3) It is used as zinc ointment in medicine
ZnCl,
Preparation : ZnO + 2HCl — ZnCl, + H,0
ZnCO, + 2HCl — ZnCl, + H,0 + CO, }It crystallises as ZnCl,2H,0
Zn(OH), + 2HCl — ZnCl, + 2H,0
Anh. ZnCl, cannot be made by heating ZnCl,-2H,O because
ZnCl,2H,0 —2Zn(OH)Cl + HCI + H,0
- J
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4 Zn(OH)Cl —2— ZnO + HCl )
To getanh. ZnCl,:  Zn + Cl,— ZnCl,
Zn + 2HCI(dry) — ZnCl, + H,
or Zn + HgCl, — ZnCl, + Hg
Properties: (i) Itis deliquescent white solid (when anhydrous)
(ii) ZnCl,+H,S —> ZnS
"+ NaOH —> Zn(OH), __cxcess | Na,[Zn(OH),]
" +NH,OH— Zn(OH), __excess  [Zn(NH,),]**
Uses: 1] Used for impregnating timber to prevent destruction by insects
2] As dehydrating agent when anhydrous
3] Zn0-ZnCl, used in dental filling
ZnSO,
Preparation: —
Zn + dil H,SO, — ZnSO, + H,
ZnO + dil H,SO, — ZnSO, + H,0
ZnCO, + dil H,SO, — ZnSO, + H,0 + CO,
ZnS+20, —> ZnSO,
3 parallel reaction
ZnS +- 0, —> ZnO + SO,
2
ZnS + 40, —> ZnSO, + 40,
Props.1]  ZnSO,7H,0 —3¥7C ,7nS0,-6H,0 —2""C ,7nS0,-H,0—>2%C , 7150,
1 800°C
~0,+S0, +ZnO b
2
Uses: 1] in eye lotion i
g
2] Lithophone (ZnS + BaSO,) is used as white pigment 3
COPPER COMPOUNDS
CuO
g
Preparation : (i) CuCO,.Cu(OH), — 4 5 2Cu0+ H,0 + CO,(Commercial process ) §
Malachite Green E
(native Cu-carbonate) %
1
(i) 2Cu + O, — 2Cu0 & Cu,0 + ) 0, — 2Cu0O 9
(i)  Cu(OH), —2CuO + H,0 3
(iv)  2Cu(NO,), _250°C ,2CuO + 4NO, + O, E
- S
¢ E
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4 Properties: (i) CuO is insoluble in water N\
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Preparation:— CuO + 2HCl(conc.) — CuCl, + H,0O
Cu(OH),-CuCO; + 4HCl —— 2CuCl, + 3H,0 + CO,

Properties :— (i)

ek

Preparation :— CuO + H,SO,(dil) — CuSO, + H,0O

(i1)

(iii)

(iv)

v)

CuF,-2H,0 —— light blue
CuCl,-2H,0 —— green
CuBr, —— almost black

(i1) Readily dissolves in dil. acids
CuO + H,SO, — CuSO, + H,0
HCl — CuCl,
HNO;—— Cu(NO,),
(i) It decomposes when, heated above 1100°C
4CuO — 2Cu,0 + O,
(iv)  CuO is reduced to Cu by H, or C under hot condition
Cu0O+C—> Cu+COT
CuO+H,—> Cu+H,0 T
Cu(l,

Itis crystallised as CuCl,-2H,O of Emerald green colour
dil. solution in water is blue in colour due to formation of
[Cu(H,0),]**complex.

When conc. HCI or KCl added to dil. solution of CuCl, the colour changes
into yellow, owing to the formation of [CuCl,]*

The conc. aq. solution is green in colour having the two complex ions
in equilibrium 2[Cu(H,0),]Cl, = [Cu(H,0),]** + [CuCl,]*~ + 4H,0
CuCl, —— CuCl by no. of reagents

(a) CuCl, + Cu-turnings — 4 4y2CuCl

(b) 2CuCl, + H,SO; + H,0 —— 2CuCl + 2HCI + 2H,SO,,

(¢) 2CuCl, + Zn/HCl —— 2CuCl + ZnCl,

(d) CuCl, + SnCl, —— CuCl + SnCl,

by heating CuCl,-2H,0 at 150°C in presence

Anh. CuCl 5 is dark brown mass obtained
of HCl vap.

Cul, does not exist ~ CuCl,-2H,0 ————> CuCl, + 2H,0

HCl gas
CuSO,
Cu(OH), + H,SO,(dil) —> CuSO, + 2H,0
Cu(OH),-CuCO, + H,SO, (dil) = CuSO, + 3H,0 + CO,

1
Cu +H,SO, + ) O, —> CuSO, + H,0 [Commercial scale]

(Scrap)

Cu +dil. H,SO,—— noreaction {Cuis a below H in electrochemical seriey

4
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a Properties :— (1) Itis crystallised as CuSO,-5H,0 )
On
i) CuSO,SH,0 =XU& (50, 3H,0 == CuSO,H,0
(@) Pyt effloresence R V4t
Blue take places Pale blue Bluish white
230°C
CuSO,(anh.)

white
_~%oo°C 17500(:

(iii)
Preparation: —(i)
(i)
(iii)

Properties:— (i)

Revision with all others reagent

CuO + S0, +30,| CuO + SO,

IRON COMPOUNDS
FeSO,7H,0
Scrap Fe + H,SO, — FeSO, + HZT
(dil.)
From Kipp's waste
FeS + H,S0,(dil) —> FeSO, + H,ST

7
FeS, +2H,0 + 5 0, — FeSO, + H,SO,

It undergoes aerial oxidation forming basic ferric sulphate

4FeSO, + H,0 + O, —> 4Fe(OH)SO,

(i) FeSO,7H,0200C , FeSO, I Fe, 0,450,450,
(i)  Agqg. solution is acidic due to hydrolysis i
FeSO, + 2H,0 = Fe(OH), + H,SO, E
weak base 2
(iv)  Itisareducing agent g;
(a) Fe?* + MnO,~ + H*—— Fe’* + Mn?** + H,0 i
(b) Fe?* + Cr,0,%~ + H*—— Fe’* + Cr3* + H,0 %
() Au + Fe2* —> Au + Fe¥* :
(d) Fe?* + HgCl, —> Hg,CL{ + Fe3*
white ppt. %
(v) It forms double salt. Example (NH,),SO,-FeSO,-6H,0 g
\ J
¢ E
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4 FeO(Black) )
Preparation : FeC,0, — % S FO+CO+ CO,
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in absence of air

Properties : It is stable at high temperature and on cooling slowly disproportionates into Fe,O, and

iron

4FeO — Fe,0, + Fe

FeCl,
Preparation: Fe + 2HCI —**"_, FeCl, + H,
acurrent of HCI
OR

2FeCl, + H, —2— 2FeCl, + 2HCI

Properties:— (1) It is deliquescent in air like FeCl,

(ii) It is soluble in water, alcohol and ether also because it is sufficiently covalent

in nature

@)  Itvolatilises at about 1000°C and vapour density indicates the presence of Fe,Cl,

Above 1300°C density becomes normal
(iv)  Itoxidises onheating in air

12FeCl, + 30, — 2Fe,0, + 8FeCl,
%) H, evolves on heating in steam

3FeCl, + 4H,0 —> Fe;0, + 6HCI + H,
(vi)  Itcan exist as different hydrated form

FeCl,-2H,0 —— colourless

FeCl,-4H,0 —— pale green

FeCl,-6H,0 —— green

Ferric Chloride (FeCl,)

This is the most important ferric salt. It is known in anhydrous and hydrated forms. The hydrated

form consists of six water molecules, FeCl,.6H,0.

Preparation :

Anhydrous ferric chloride is obtained by passing dry chlorine gas over heated iron fillings. The

vapours are condensed in a bottle attached to the outlet of the tube.
2Fe + 3Cl, — 2FeCl,

ii) Fe,(CO,), + 6HCI — 2FeCl, + 3H,0 + 3CO,
Fe(OH), + 3HCI — FeCl, + 3H,0
Fe,0, + 6HCI — 2FeCl, + 3H,0
The solution on evaporation and cooling deposits yellow crystals of hydrated ferric chloride,
N FeCl,.6H,0 y
L 2




(i) Fe,Cl, —IUC s 2FeCl, —AbweI0'C y FeCl, + Cl,

i Cl\Fe/Cl\‘Fe/Cl
o’ Na’ Na
(iii) It dissolves in water. The solution is acidic in nature due to its hydrolysis as shown below :
FeCl, + 3HOH = Fe(OH), + 3HCI]
(iv) FeCl, + 6NH,; — FeCl,.6NH,
(v) Ferric chloride acts as an oxidising agent.
(a) It oxidies stannous chloride to stannic chloride.
2FeCl, + SnCl, — 2FeCl, + SnCl,
(b) It oxidises SO, to H,SO,
2FeCl, + SO, + 2H,0 — 2FeCl, + H,SO, + 2HCI
(¢) It oxidises H,Sto S
2FeCl, + H,S — 2FeCl, + 2HCI + S
(d) It liberates iodine from KI.
2FeCl, + 2KI — 2FeCl, + 2KCl + 1,
(e) Nascent hydrogen reduces FeCl, into FeCl,
FeCl, + [H] — FeCl, + HCI
(vi)FeCl,; + 3NH,OH — Fe(OH), + 3NH,Cl
(vii) FeCl; + NH,SCN — Fe(SCN)Cl, + NH,Cl
or FeCl; + 3NH,SCN — Fe(SCN), + 3NH,CI
(viii) 4FeCl, + 3K, Fe(CN), — Fe,[Fe(CN),], + 12KCl
Prussian blue
(Ferri ferrocyanide)

(ix) On heating hydrated ferric chloride FeCl,.6H,0O, anhydrous ferric chloride is not obtained. It i
changed to Fe,O, with evolution of H,0 and HCI.

2[FeCl,.6H,0] —“ Fe,0, + 6HCI + 9H,0

Hydrated ferric chloride may be dehydrated by heating with thionyl chloride.

FeCl,.6H,0 + 6SOCl, ——> FeCl, + 12HCI + 650,

JEE-Chemistry ALLEN .
[~ Properties )
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EXERCISE # O-1

SELECT ONLY ONE IS CORRECT OPTIONS :
General Properties of d-block

1.  N,(g)+3H,(g) % 2NH,(g) ; Haber’s process, Mo is used as
(A) a catalyst (B) a catalytic promoter
(C) an oxidising agent (D) as a catalytic poison
DB0001
2.  Anornamental of gold having 75% of gold, itis of .............. carat.
(A) 18 (B) 16 (C) 24 (D) 20
DB0002
3.  Transition elements having more tendency to form complex than representative elements (s and
p-block elements) due to -
(A) availability of d-orbitals for bonding
(B) variable oxidation states are not shown by transition elements
(C) all electrons are paired in d-orbitals
(D) f-orbitals are available for bonding
DB0003
4. A compound of mercury used in cosmetics, in Ayurvedic and Yunani medicines and known as Vermilion
s -
(A) HgCl, (B) HgS (C) Hg, (I, (D) Hgl
DB0004
5.  Transition elements are usually characterised by variable oxidation states but Zn does not show this
property because of
(A) completion of np-orbitals (B) completion of (n—1)d orbitals
(C) completion of ns-orbitals (D) inert pair effect
DB0005
6.  The d-block element which is a liquid at room temperature, having high specific heat, less reactivity
than hydrogen and its chloride (MX,) is volatile on heating is
(A) Cu (B) Hg (C) Ce (D) Pm
DB0006
7.  Coinage metals show the properties of
(A) typical elements (B) normal elements
(C) inner-transition elements (D) transition element
DB0007
8.  The transition metal used in X-rays tube is
(A) Mo (B) Ta (C) Tc (D) Pm
DB0008
9.  The higher oxidation states of transition elements are found to be in the combination with A and B,
which are
(A)F, O (B) O, N (©) O, C1 (D) F, Cl
DB0009
L 2
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10.

11.

12.

13.

14.

15.

16.

The metals present in insulin and haemoglobin are respectively
(A) Zn, Hg (B) Zn, Fe (C) Co, Fe (D) Mg, Fe
DB0010

A metal M which is not affected by strong acids like conc. HNOj;, conc. H,SO, and conc. solution
of alkalies like NaOH, KOH forms MCl, which finds use for toning in photography. The metal M is

(A) Ag (B) Hg (C) Au (D) Cu
DB0011
Manganese steel is used for making railway tracks because
(A) it is hard with high percentage of Mn
(B) it is soft with high percentage of Mn
(C) it is hard with small concentration of manganese with impurities
(D) it is soft with small concentration of manganese with impurities
DB0012
Transition elements in lower oxidation states act as Lewis acid because
(A) they form complexes
(B) they are oxidising agents
(C) they donate electrons
(D) they do not show catalytic properties
DB0013

The electrons which take part in order to exhibit variable oxidation states by transition metals are
(A) ns only
(B) (n—1)d only
(C) ns and (n—1)d only but not np
(D) (n—1)d and np only but not ns
DB0014
Solution of MnO,~ is purple-coloured due to
(A) d-d-transition
(B) charge transfer from O to Mn
(C) due to both d-d-transition and charge transfer
(D) none of these
DB0015
An element of 3d-transition series shows two oxidation states x and y, differ by two units then
(A) compounds in oxidation state x are ionic if X >y
(B) compounds in oxidation state x are ionic if x <y
(C) compounds in oxidation state y are covalent if x <y
(D) compounds in oxidation state y are covalent if y < x
DB0016

ALLEN .

node06\BOBO-BA\Kota\JEE{Advancec \Enthuse\ Chermisiry\ Sheef\Madule-Salt Anclysis, Heating Effect & s, d-Block\Eng\(iv) -block compound. pé 5



d-Block Compound

ALLEN
L 4
Compounds of d-block
17. (T) compd. (U) +conc.H,S0, N (V)Red gasw (W)Red opt. NH; soln. (X))
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18.

19.

20.

21.

22,

imparts violet
colour in the

flame test
dil. HCI
(W)Red ppt. 1—) (Y)white ppt.

U R, (2),,, (gives white fumes with HCI)
A

sublimes on

heating
Identify (T) to (Z).

(A) T = KMnO,, U = HCL, V = Cl,, W = Hgl,, X = Hg(NH,)NO,, Y = Hg,Cl,, Z = N,

(B) T=K,Cr,0,, U=NH,Cl, V=CrO,Cl,, W=Ag,CrO,, X=[Ag(NH,),]*, Y=AgCl,Z = NH,

(C) T = K,CrO,, U = KCI, V = CrO,Cl,, W = HgL,, X = Na,CrO,, Y = BaCO,, Z = NH,Cl
(D) T = K,MnO,, U = NaCl, V = CrO,, W = AgNO,, X = (NH,),CrO,, Y = CaCO,, Z = SO,

DB0017

The number of moles of acidified KMnO, required to convert one mole of sulphite ion into sulphate

ion 1S
(A) 2/5 (B) 3/5 (©) 4/5 D) 1
COZ_L2C02_X dyY ivel
1,07 S O, , A an are respectively
(A) X =0OH-, Y =H* (B) X =H*, Y = OH-

(C) X = OH~, Y = H,0, (D) X = H,0,, Y = OH"

CrO;, dissolves in aqueous NaOH to give
(A) Cr,0,* (B) CrO,*- (C) Cr(OH), (D) Cr(OH),

During estimation of oxalic acid Vs KMnO,, self indicator is
(A) KMnO, (B) oxalic acid (©) K,SO, (D) MnSO,

Acidified chromic acid + H,0, _ Orgsolvent o % 1y, XandY are

(blue colour)

DB0018

DB0019

DB0020

DB0021

(A) CrOy and H,O (B) Cr,0; and H,O  (C) CrO, and H,O (D) CrO and H,O

DB0022
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23.

24.

25.

26.

27.

28.

29.

30.

ALLEN
¢
. t<LCuSO4M>X(BIue colour), X and Y are
molecule)
(A)X=1L,Y= [Cu(H20)4]2+ B) X = [Cu(H20)4]2+, Y =1,
(©) X =[Cu(H,0),]%, Y =1, (D) X = [Cu(H20)5]2+, Y=1,
DB0023

(NH,),Cr,0, (Ammonium dichromate) is used in fire works. The green coloured powder blown in air
is

(A) Cr,0, (B) CrO, (©) Cr,0, (D) CrO,
DB0024
Iron becomes passive by ..........cccc....... due to formation of .....................
(A) dil. HCI, Fe,0, (B) 80% conc. HNO,, Fe, 0,
(C) conc. H,SO,, Fe,0, (D) conc. HCI, Fe,O,
DB0025
Bayer’s reagent used to detect olifinic double bond is
(A) acidified KMnO,, (B) aqueous KMnO,,
(©) 1% alkaline KMnO, solution (D) KMnO, in benzene
DB0026
MnO, + xe (ATeaTme medom? Mn042_
+ye~ (Acidic medium) Mn2+
+ ze~ (Neutral medium) MnO,
X, y and z are respectively
(A)1,2,3 B)1,5,3 O 1,3,5 (D) 5,3, 1
DB0027
Cu + conc. HNO; —— Cu(NO,), + X (oxide of nitrogen); then X is
(hot)
(A) N,O (B) NO, (C) NO (D) N,O,
DB0028
CuSOQ, solution reacts with excess KCN to give
(A) Cu(CN), (B) CuCN (©) K,[Cu(CN),] (D) K;5[Cu(CN),]
DB0029

Pick out the incorrect statement:
(A) MnQ, dissolves in conc. HCI, but does not form Mn** ions
(B) MnO, react with hot concentrated H,SO, liberating oxygen
(C) K,MnO, is formed when MnQO, in fused KOH is oxidised by air, KNO, , PbO, or NaBiO,
(D) Decomposition of acidic KMnO, is not catalysed by sunlight.
DB0030
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31. 1 mole of Fe>* ions are oxidised to Fe3* ions with the help of (in acidic medium)
(A) 1/5 moles of KMnO, (B) 5/3 moles of KMnO,
(C) 2/5 moles of KMnO, (D) 5/2 moles of KMnO,
DB0031
32. To an acidified dichromate solution, a pinch of Na,O, is added and shaken. What is observed:
(A) blue colour (B) Orange colour changing to green
(C) Copious evolution of oxygen (D) Bluish - green precipitate
DB0032
33. The rusting of iron is formulated as Fe,O,-xH,O which involves the formation of
(A) Fe, O, (B) Fe(OH), (C) Fe(OH), (D) Fe, O, + Fe(OH),
DB0033
34. Solid CuSO,-5H,0 having covalent, ionic as well as co-ordinate bonds. Copper atom/ion forms
................. co-ordinate bonds with water.
(A) 1 (B)2 ©)3 (D) 4
DB0034
35. KMnO, + HCl — H,0 + X(g), X is a
(acidified)
(A) red liquid (B) violet gas
(C) greenish yellow gas (D) yellow-brown gas
DB0035
36. Purple of cassius is:
(A) Pure gold (B) Colliodal solution of gold
(C) Gold (I) hydroxide (D) Gold (III) chloride
DB0036
37. Amongst the following species, maximum covalent character is exhibited by
(A) FeCl, (B) ZnCl, (C) HeCl, (D) CdCl,
DB0037
38.  Number of moles of SnCl, required for the reduction of 1 mole of K,Cr, 0, into Cr, 05 is (in acidic medium)
(A)3 (B)2 O 1 (D) 1/3
DB0038
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@
>

Pick out the incorrect statement:

(A) MnO i_ 1s quite strongly oxidizing and stable only in very strong alkalies. In dilute alkali, neutral
solutions, it disproportionates.

(B) In acidic solutions, MnO, isreduced to Mn?* and thus, KMnO, is widely used as oxidising agent

(C) KMnO, does not acts as oxidising agent in alkaline medium
(D) KMnO, is manufactured by the fusion of pyrolusite ore with KOH in presence of air or KNO,,
followed by electrolytic oxidation in strongly alkaline solution.

DB0039
40. The aqueous solution of CuCrO, is green because it contains
(A) green Cu®* ions (B) green CrO,*~ ions
(C) blue Cu* jons and green CrO,>" ions (D) blue Cu?* ions and yellow CrO,>" ions
DB0040
L 4
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41.

42,

43.

44.

45.

46.

47.

48.

In nitroprusside ion, the iron exists as Fe?* and NO as NO* rather than Fe** and NO respectively.
These forms of ions are established with the help of

(A) magnetic moment in solid state (B) thermal decomposition method
(C) by reaction with KCN (D) by action with K,SO,
DB0041
Which of the following reaction is possible at anode?
(A) 2Cr3+ + TH,0 —> Cr20$+ 14 H* B)F,—>2F
! (0]
(C) » 2+ 2H* — H,0 (D) None of these
DB0042

Colourless solutions of the following four salts are placed separately in four different test tubes and
a strip of copper is dipped in each one of these. Which solution will turn blue?

(A) KNO, (B) AgNO, (C) Zn(NO,), (D) ZnSO,
DB0043

When acidified KMnO, is added to hot oxalic acid solution, the decolourization is slow in the beginning,
but becomes very rapid after some time. This is because:

(A) Mn?* acts as autocatalyst (B) CO, is formed as the product
(C) Reaction is exothermic (D) MnO, catalyses the reaction
DB0044
Metre scales are made-up of alloy
(A) invar (B) stainless steel (C) elektron (D) magnalium
DB0045

The Ziegler-Natta catalyst used for polymerisation of ethene and styrene is TiCl, + (C,Hs),Al, the
catalysing species (active species) involved in the polymerisation is

(A) TiCl, (B) TiCl, (O) TiCl, (D) TiCl
DB0046
‘Bordeaux mixture’ is used as a fungicide. It is a mixture of
(A) CaSO, + Cu(OH), (B) CuSO, + Ca(OH),
(C) CuSO, + CaO (D) CuO + CaO

DB0047
Peacock ore is:
(A) FeS, (B) CuFeS, (C) CuCO,.Cu(OH), (D) CujFeS,

DB0048

ALLEN .
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EXERCISE # O-2

SELECT MORE THAN ONE IS CORRECT OPTIONS
General Properties of d-block

Potash alum is a double salt, its aqueous solution shows the characteristics of

(A) AlI** ions (B) K* ions (C) SO, ions (D) AI** ions but not K* ions
DB0049
Addition of non-metals like B and C to the interstitial sites of a transition metal results the metal
(A) of more ductability (B) of less ductability
(C) less malleable (D) of more hardness
DB0050
Mercury is a liquid at 0°C because of
(A) very high ionisation energy (B) weak metallic bonds
(C) high heat of hydration (D) high heat of sublimation

DB0051
The correct statement(s) about transition elements is/are
(A) the most stable oxidation state is +3 and its stability decreases across the period
(B) transition elements of 3d-series have almost same atomic sizes from Cr to Cu
(C) the stability of +2 oxidation state increases across the period

(D) some transition elements like Ni, Fe, Cr may show zero oxidation state in some of their compounds

DB0052
The ionisation energies of transition elements are
(A) less than p-block elements (B) more than s-block elements
(C) less than s-block elements (D) more than p-block elements

DB0053
The metal(s) which does/do not form amalgam is/are
(A) Fe (B) Pt (C) Zn (D) Ag

DB0054
Which of the following statements concern with d-block metals?
(A) compounds containing ions of transition elements are usually coloured
(B) Zinc has lowest melting point among 3d-series elements
(C) they show variable oxidation states, which differ by two units only
(D) they easily form complexes

DB0055
The highest oxidation state among transition elements is
(A) + 7 by Mn (B) + 8 by Os (C) + 8 by Ru (D) + 7 by Fe

DB0056
Amphoteric oxide(s) is/are
(A) AlLO, (B) SnO (C) ZnO (D) Fe,0O,

DB0057

4
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10. The catalytic activity of transition elements is related to their
(A) variable oxidation states (B) free suface valencies
(C) complex formation ability (D) magnetic moment
DB0058
11. In the equation: M + 8CN~ + 2H,0 + O, —— 4[M(CN),]” + 4OH", metal M is
(A) Ag (B) Au (C) Cu (D) Hg
DB0059
12. CuSO,(aq) + 4NH; — X, then X is
(A) [Cu(NH,) 4]2+ (B) paramagnetic
(C) coloured (D) of a magnetic moment of 1.73 BM
DB0060
13. Amphoteric oxide(s) of Mn is/are
(A) MnO, (B) Mn,0, (C) Mn, 0O, (D) MnO
DB0061

14. The lanthanide contraction is responsible for the fact that

(A) Zr and Hf have same atomic sizes (B) Zr and Hf have same properties
(C) Zr and Hf have different atomic sizes (D) Zr and Hf have different properties

15. Ion(s) having non zero magnetic moment (spin only) is/are
(A) S¢3* (B) Ti** (C) Cu?* (D) Zn?*

Compounds of d-block
16. Correct statement(s) is/are
(A) an acidified solution of K,Cr,O, liberates iodine from KI
(B) K,Cr,0, is used as a standard solution for estimation of Fe?* ions
(©) in acidic medium, M = N/6 for K,Cr,O,

DB0062

DB0063

(D) (NH,),Cr,0, on heating decomposes to yield Cr,O, through an endothermic reaction

17. Interstitial compounds are formed by
(A) Co (B) Ni (C) Fe (D) Ca

18. Acidified KMnO, can be decolourised by

(A) SO, (B) H,0, (C) FeSO, (D) Fe,(SO,),

DB0064

DB0065

DB0066
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EXERCISE # S-1

NUMERICAL GRID TYPE QUESTIONS :

When mixture of NaCl and K,Cr, O, is gently warmed with conc.H,SO,, then compound X is formed.
What is the oxidation state of central atom of X.

DB0067
Number of ions which gives blue colour in aqueous state :
V+#, Ni*2, Ti*, Co*?, Fe*, Cu*

DB0068
Define the oxidation states of Mn in product of the given reaction
3K,MnO,+2H,0+4CO, — 2X+Y+4KHCO,
If the oxidation state of Mn in product X and Y are n  and n, respectively. Then find out the value
of (n+n) -

DB0069
Find number of metal ion which can produce high spin and low spin octahedral complex :
Sc*, Ti*?, V¥, Cr*3, Mn*?, Fe*?, Co*, Ni*?

DB0070
How many non-axial d-orbitals are involved in hybridisation of CrO,Cl,.

DB0071
Find the number of species from the following which has magnetic moment value of 1.73 B.M.

Fe*, Cu™, Ni**, NO,, NO,", Ti**
DB0072

7.  Total no. of moles of Mohr's salt are required for per mole of dichromate ions during volumetric
analysis.
DB0073
8.  Find number of reaction(s) in which no redox change takes place -
(I) BaCl, + Na,CrO, 9LCoot_, (I K,Cr,0, + NaOH —
(1)) Cr,0 + NO; —— (IV) Cr,02 + C,H,OH —"—
DB0074
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EXERCISE # S-2

COMPREHENSTION TYPE QUESTIONS :
Comprehension # 01 to 04

Transition metal and their compounds are used as catalysts in industry and in biological system. For

example, in the Contact process, vanadium compounds in the +5 state (V,O, or VO; ) are used to

oxidise SO2 to SO3:

V,0
SO, + 102%

5 SO,

It is thought that the actual oxidation process takes place in two stages. In the first step, V°* in the

presence of oxide ions converts SO, to SO,. At the same time, V>* is reduced to V*.
2V¥* + O + SO, —— 2V* + SO,

In the second step, V°* is regenerated from V* by oxygen :

1

4+
2V +2

0, —— 2V + 0>
The overall process is, of course, the sum of these two steps:
1
SO, + 502 —— SO,

Transition metals and their compounds catalyse reactions because :
(A) They have competely filled s-subshell
(B) They have a comparable size due to poor shielding of d-subshell

(C) They introduce an entirely new reaction mechanism with a lower activation energy

(D) They have variable oxidation states differ by two units

During the course of the reaction :

(A) Catalyst undergoes changes in oxidation state

(B) Catalyst increases the rate constant

(C) Catalyst is regenerated in its orginal form when the reactants form the products
(D) All are correct.

Catalytic activity of transition metals depends on :
(A) Their ability to exist in different oxidation states
(B) The size of the metal atoms

(C) The number of empty atomic orbitals available
(D) None of these

Which of the following ion involved in the above process will show paramagnetism?

(A) V3+ (B) V4 (C) 0%~ (D) VO,

DB0075

DB0075

DB0075

DB0075
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Comprehension # 05 & 06
(X) is very important laboratory reagent which is prepared by its naturally occuring ore which is called
pyrolusite. Pyrolusite when fused with alkali in the presence of O,, green compound (Y) is produced.
(Y) is converted into (X) by electrolysis or by using ozone.
On small scale (X) is prepared by disproportion of (Y) in acidic solution. Which of the following is
produced by disproportion of (Y) in slight alkaline solution.
(A) KMnO,, Mn** (B) KMnO,, MnO,
(C) MnO,, Mn* (D) KMnO,, Mn*

DB0076
Select the correct statements :
(A) (X) is tetrahedral & diamagnetic
(B) (Y) is tetrahedral & paramagnetic
(©) (X) produce dimangnese hepta oxide (oily liquid) with conc. H,SO,
(D) All are correct

DB0076
Comprehension # 07 to 09
Due to availability of vacant orbitals of sufficiently low energy, d-block elements form
complexes, d-block elements have different properties such as- catalytic, magnetic, alloy formation,
interistitial compounds formation. Interistitial compounds are those compounds in which small atoms
like carbon and boron fits into interistices of d-block elements crystal. In interistitial compounds,
there is no chemical bond formation takes place so , chemical properties remain almost same but
physical properties may change.
Which of the property of interistitial compounds has the same behaviour as that of the element -

(A) Malleability (B) Ductility
(C) Electrical conductance (D) Hardness
DB0077
Which of the following property gets decreased in interistitial compounds compared to that of the
element -
(A) Malleability (B) Metallic lustre
(C) Hardness (D) Density
DB0077
Select correct statement -
(A) Highest oxidation state of 3d-series is +8.
(B) Ni, Cu and Zn are not transition element.
(C) Ziglar natta catalyst contain vanadium.
(D) Aq. solution of Cu?*, Fe*3 and Cr* are blue, yellow and green respectively.
DB0077
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MATCH THE COLUMN : (Matrix Match)

10.

11.

12.

13.

ALLEN .

Column-I (Metals)
(A) Zn
(B) Cu
©) Ag
(D) Au

Column-I (catalyst)
(A) TiCl,
(B) PdCl,
(C) Pt/PtO

(D) Cu

SELECT CORRECT CODE :
Column-I

(P) Cr,0O,

(Q) CrO,

(R) Fe,0,

S) N,O

Select correct code for matching -

Code :

P Q R S
A 2 4 3 1
@) 2 3 4 1
C) 4 2 3 1
® 4 3 1 2

Column-I
(Metal ion of 3d-series)
(P) Ni*

Q) Cr*
(R) V2+
(S) Ti+

Select correct code for matching -
Code :

P Q R S
A 4 2 1 3
@) 3 1 2 4
© 4 1 2 3
W 1 2 4 3

Column-IT
(P) Cyanide process involve in the comerical extration
(Q) Extracted by hydrometallurgical process
(R) Roasting involve in the comerical extration
(S) Present in Brass
DB0078
Column-II (Used)
(P) Adams catalyst in reduction
(Q) In preparation of (CH,), SiCl,
(R) Used as the ziegler-natta catalyst in polythene
production
(S) Wacker process for converting C,H, to CH,CHO
DB0079

Column-IT
(1) Neutral oxide
(2) Amphoteric oxide
(3) Mix oxide
(4) Acidic oxide

DB0080
Column-IT
(Characterstic)
(1) produce blue aq. solution
(2) half filled by orbitals in octahedral complex
(3) diamagneticion
(4) calculated p = 2.84 B.M. (spin only)

DB0081
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Questions given below consist of two statements each printed as Assertion (A) and Reason (R); while

answering these questions you are required to choose any one of the following four responses:
(A) if both (A) and (R) are true and (R) is the correct explanation of (A)

(B) if both (A) and (R) are true but (R) is not correct explanation of (A)

(C) if (A) is true but (R) is false

(D) if (A) is false and (R) is true

14. Assertion : KMnO, is purple in colour due to charge transfer.
Reason In MnO, there is no electron present in d-orbitals of manganese.
DB0082
15. Assertion : K,CrO, has yellow colour due to charge transfer.
Reason CrOi_ ion is tetrahedral in shape.
DB0083
16. Assertion : The highest oxidation state of chromium in its compounds is +6.
Reason Chromium atom has only six electrons in ns and (n—1) d orbitals.
DB0084
17. Assertion : CrO, reacts with HCI to form chromyl chloride gas.
Reason Chromyl chloride (CrO,Cl,) has tetrahedral shape.
DB0085
18. Assertion : Zinc does not show characteristic properties of transition metals.
Reason In zinc outermost shell is completely filled.
DB0086
19. Assertion : Tungsten has a very high melting point.
Reason Tungsten is a covalent compound.
DB0087
20. Assertion : Equivalent mass of KMnO, is equal to one-third of its molecular mass when it acts
as an oxidising agent in an alkaline medium.
Reason Oxidation number of Mn is +7 in KMnO,.
DB0088
21. Assertion : Cu*ion is colourless.
Reason Four water molecules are coordinated to Cu* ion in water.
DB0089
4
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22,

23.

24.

25.

MATCHING LIST TYPE 1 x 3 Q. (THREE LIST TYPE Q.)

The following column 1, 2, 3 represent the different metals of 3d series and their properties

Answer the questions that follow

Column-1 - Hexa aqua complex of dipositive ion of given metal
Column-2 - Magnetic moment (spin only)

Column-3 - Colour

Column - 1 Column - 2 Column -3
Hexa aqua complex of dipositive | Magnetic moment Colour
ion of given metal (spin only)
0 Co (i) V8 BM. (P)  Green
) Ni (ii) 3 BM. (Q) Pink
i v (iii) v15 B.M. (R) Colourless
(IV) Zn (iv) Zero (S) Violet
(T) Blue

Select CORRECT combination for metal which have same magnetism as in [Ti(H,O) 6]“*
(A) (D), (iv), (R) (B) (D), (iv), (R) (©) AV), (iv), (R) (D) (IV), (iv), (T)
DB0090
Which is CORRECT magnetic moment and colour combination of the product when [Co(H,0),]*
is react with conc. HCl solution
(A) (1), (Q) (B) (i), (T) (O) (iid), (Q) (D) (iii), (T)
DB0090
Select CORRECT combination for hexaaqua complex of metal ion M** which have half filled t,

configuration (i.e. t,)

(A) (1D, (iid), (S) (B) (IMD), (iii), (P) (©) ), (i1), (S) (D) (1), (iv), (P)
DB0090

[M(H,0) 6]+2 of a metal in column-1 have combination (i), (P) in column-2, 3. Select CORRECT

combination for hexaammine complex of same metal ion.

(A) (@), (T) (B) @, (S) (©) Gv), (R) (D) (iv) (T)
DB0090

ALLEN .
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EXERCISE # JEE-MAIN

What would happen when a solution of potassium chromate is treated with an excess of dilute nitric

acid - [AIEEE-2003]
(1) Cr’* and Cr, O are formed (2) Cr, 0% and H,O are formed
(3) Cr, 0% is reduced to +3 state of Cr  (4) Cr, 02 is oxidised to +7 state of Cr

DB0091
Excess of KI reacts with CuSO, solution and then Na,S,0, solution is added to it. Which of the
statements is incorrect for this reaction : [AIEEE-2004]
(1) Evolved I, is reduced (2) Cul, is formed
(3) Na,S,0; is oxidised (4) Cu,l, is formed

DB0092

In context with the transition elements, which of the following statements is incorrect?[AIEEE-2009]

(1) In the highest oxidation states of the first five transition elements (Sc to Mn), all the 4s and 3d electrons
are used for bonding.

(2) Once the d> configuration is exceeded, the tendency to involve all the 3d electrons in bonding decreases.

(3) In addition to the normal oxidation states, the zero oxidation state is also shown by these elements in
complexes.

(4) In the highest oxidation states, the transition metal show basic character and form cationic complexes.

DB0093

Iron exhibits +2 and +3 oxidation states. Which of the following statements about iron is

incorrect ? [AIEEE-2012]

(1) Ferrous compounds are more easily hydrolysed than the corresponding ferric compounds.

(2) Ferrous oxide is more basic in nature than the ferric oxide.

(3) Ferrous compounds are relatively more ionic than the corresponding ferric compounds.

(4) Ferrous compounds are less volatile than the corresponding ferric compounds.

DB0094

Consider the following reaction : [JEE MAIN-2013]
xMnO; +yC,0; +zH" — xMn** + 2yCO, + g H,0

The values of x, y and z in the reaction are respectively :-
(1)52and 16 (2) 2,5and 8 (3) 2,5 and 16 (4) 5,2 and 8

DB0095
Which of the following arrangements does not represent the correct order of the property stated against
it ? [JEE MAIN-2013]
(1) V** < Cr** < Mn** < Fe?* : paramagnetic behaviour
(2) Ni** < Co** < Fe** < Mn** : ionic size
(3) Co>* < Fe** < Cr’* < Sc’ : stability in aqueous solution
(4) Sc < Ti < Cr < Mn : number of oxidation states

DB0096

4
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7.

10.

11.

12.

Potassium dichromate when heated with concentrated sulphuric acid and a soluble chloride, gives

brown - red vapours of: [JEE MAIN-2013, Online]
(1) CrO, (2) Cr,0, (3) CrCl, 4) CrOCl,

DB0097
The element with which of the following outer electron configuration may exhibit the largest number
of oxidation states in its compounds : [JEE MAIN-2013, Online]
(1) 3d74s? (2) 3d%4s? (3) 3d*4s? (4) 3d°4S?

DB0098
When a small amount of KMnO, is added to concentrated H SO, a green oily compound is obtained
which is highly explosive in nature. Compound may be : [JEE MAIN-2013, Online]
(1)Mn, O, (2) MnSO, (3) Mn O, (4) MnO,

DB0099

Which series of reactions correctly represents chemical relations related to iron and its compound?
(1) Fe —S= 5 FeCl, _ heaair  FeCl, —2 Fe
CO0,700°C

(2) Fe __Ouheat  Fe, O,  CO.60°C  p.q s Fe

(3) Fe dil H,S0, FeSO4 H,S0,, O, FCZ(S 04)3 Heat o Fo

(4) Fe __Ouheat | Fe(Q __dilH,S0, | Feg0, 1= e [JEE MAIN-2014]

DB0100
The equation which is balanced and represents the correct product (s) is : [JEE MAIN-2014]

(1) [Mg(H,0)g]>* + (EDTA)#- —sxees MO [Mo(EDTA)]?* + 6H,0
(2) CuSO, + 4KCN — K,[Cu(CN),] + K,SO,
(3) Li,O + 2KCl - 2LiCl + K,0

(4) [CoCl (NH,)s]* + 5H* — Co?* + 5NH; + Cl-

DB0101
Which of the following is not formed when H,S reacts with acidic K,Cr,0; solution ?
(1) K,SO, (2) Cry(S04)5

3)S 4) CrSO, [JEE MAIN-2014, Online]
DB0102

ALLEN .
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Copper becomes green when exposed to moist air for a long period. This is due to :-
[JEE MAIN-2014, Online]
(1) the formation of a layer of cupric oxide on the surface of copper.
(2) the formation of basic copper sulphate layer on the surface of the metal
(3) the formation of a layer of cupric hydroxide on the surface of copper.

(4) the formation of a layer of basic carbonate of copper on the surface of copper.

DB0103

14. Which one of the following exhibits the largest number of oxidation states ?
[JEE MAIN-2014, Online]
(1) Mn(25) (2) V(23) (3) Cr (24) 4) Ti(22)
DB0104
15. How many electrons are involved in the following redox reaction ? [JEE MAINS-2014,0nline]
Cr,0,>= + Fe?* + C,0,2~ — Cr3* + Fe3* + CO, (Unbalanced)
(1)3 2)4 3)5 4)6
DB0105
16. Amongst the following, identify the species with an atom in +6 oxidation state:
[JEE MAIN-2014, Online]
(1) [MnO,]- (2) [Cr(CN)g]*- (3) Cr,04 4) CrO,Cl,
DB0106
17. Match the catalysts to the correct processes :- [JEE MAIN-2015]
Catalyst Process
(A) | TiCl, (1) | Wacker process
(B) [PdCl, (11) | Ziegler-Natta
polymerization
(C) | CuCl, (iii) | Contact process
(D) | V,0, (iv) | Deacon's process
(1) A-ii,  B-iii, C-iv, D-i
(2) A-iii, B-i, C-ii, D-iv
(3) A-iii, B-ii, C-iv, D-i
4) A-ii, B-i, C-iv,  D-iii
DB0107
4
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18.

19.

20.

21.

22,

23.

24.

ALLEN .
Which of the following statements is false :- [JEE MAIN-2015, Online]
(1) Cr,0% has a Cr — O — Cr bond
(2) CrO% is tetrahedral in shape
(3) Na,Cr,0; is a primary standard in volumetry
(4) K,Cr,05 is less soluble than Na,Cr,0,
DB0108

The transition metal ions responsible for colour in ruby and emerald are, respectively :

[Jee Main 2016]

(1) Cr3* and Cr3+ (2) Cr3* and Co3* (3) Co3* and Cr3+ (4) Co3* and Co3*

DB0109
Galvanization is applying a coating of :- [Jee Main 2016]
(1) Zn (2) Pb (3) Cr 4) Cu

DB0110
Which of the following compounds is metallic and ferromagnetic ? [Jee Main 2016]
(1) MnO, (2) TiO, (3) CrO, (4) VO,

DB0111
Which one of the following species is stable in aqueous solution? [Jee Main 2016]
(1) MnO; (2) MnO;” (3) Cut (4) Cr2+

DB0112

What will occur if a block of copper metal is dropped into a beaker containing a solution of 1M ZnSO, ?
(1) The copper metal will dissolve and zinc metal will be deposited [Jee Main 2016]
(2) No reaction will occur
(3) The copper metal will dissolve with evolution of oxygen gas
(4) The copper metal will dissolve with evolution of hydrogen gas

DB0113
Which of the following ions does not liberate hydrogen gas on reaction with dilute acids?

[JEE MAIN-2017, Online]

(1) Tiz+ (2) Cr2+ (3) Mn2+ (4) V2+

DB0114
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25.

In the following reactions, ZnO is respectively acting as a/an :

(a) ZnO + Na,O — Na,ZnO,

(b) ZnO + CO, — ZnCO;,

(1) base and acid (2) base and base
(3) acid and acid (4) acid and base

[JEE MAIN-2017]

DB0115
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EXERCISE # JEE-ADVANCED

TRUE/FALSE :

Cu* disproportionates to Cu?* and elemental copper in solution. [JEE 1991]
DB0116

FILL IN THE BLANKS :

Silver jewellery items tarnish slowly in the air due to their reaction with .......... . [JEE 1997]
DB0117

MULTIPLE CHOICE QUESTIONS WITH ONE CORRECT ANSWER :

Which one is solder ? [JEE 1995]
(A) Cu and Pb (B) Zn and Cu (C) Pb and Sn (D) Fe and Zn

DB0118
Ammonium dichromate is used in some fireworks. The green coloured powder blown in the air
is- [JEE 1997]
(A) CrO, (B) Cr,0, (©) Cr (D) CrO(0,)

DB0119
The number of moles of KMnO, that will be needed to react with one mole of sulphite ion in acidic
solution is - [JEE 1997]
(A)2/5 (B) 3/5 (C)4/5 D)1

DB0120

Read the following statement and explanation and answer as per the options given
below : [JEE 1998]

Assertion : Zn”* is diamagnetic.

Reason : Two electrons are lost from 4s orbital to form Zn%*.

(A) If both assertion and reason are correct, and reason is the correct explanation of the assertion.
(B) If both assertion and reason are correct, but reason is not the correct explanation of the assertion.
(C) If assertion is correct but reason is incorrect.

(D) If assertion is incorrect but reason is correct.

DB0121
In the dichromatic anion, [JEE 1999]
(A) 4 Cr — O bonds are equivalent (B) 6 Cr — O bonds are equivalent
(C) all Cr — O bonds are equivalent (D) all Cr — O bonds are non-equivalent

DB0122
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8. Anhydrous ferric chloride is prepared by: [JEE 2002]
(A) heating hydrated ferric chloride at a high temperature in a stream of air
(B) heating metallic iron in a stream of dry chlorine gas
(O) reaction of ferric oxide with HCI

(D) reaction of metallic iron with HCI

DB0123
9. When MnO, is fused with KOH, a coloured compound is formed, the product and its colour is:
(A) K;MnO,, green (B) KMnO,, purple [JEE 2003]
(C) Mn, 0,4, brown (D) Mn,0,, black
DB0124
10. The product of oxidation of I" with MnO,~ in alkaline medium is - [JEE 2004]
(A) 104~ B) 1, (C) 10~ (D) 10,~
DB0125
11.  (NH,),Cr,0O, on heating liberates a gas. The same gas will be obtained by - [JEE 2004]
(A) heating NH,NO, (B) heating NH,NO,
(O) treating H,O, with NaNO, (D) treating Mg,N, with H,O
DB0126
12. Which of the following combination will produce H, gas ? [JEE Advance 2017]
(A) Zn metal and NaOH(aq) (B) Au metal and NaCN(aq) in the presence of air
(C) Cu metal and conc. HNO, (D) Fe metal and conc. HNO,
DB0127
MULTIPLE CHOICE QUESTIONS WITH ONE OR MORE THAN ONE CORRECT ANSWER :
13. Which of the following alloys contains (s) Cu and Zn ? [JEE 1993]
(A) Bronze (B) Brass (C) Gun metal (D) Type metal
DB0128
14. Addition of high proportions of magnanese makes steel useful in making rails of railroads, becuse
manganese. [JEE 1998]
(A) gives hardness to steel
(B) helps the formation of oxides of iron
(C) can remove oxygen and sulphur
(D) can show highest oxidation state of +7.
DB0129
4
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15.

16.

17.

The correct statement(s) about Cr’* and Mn™ is (are) [JEE Advance 2015]

[Atomic numbers of Cr = 24 and Mn = 25]

(A) Cr* is a reducing agent

(B) Mn™ is an oxidizing agent

(C) Both Cr** and Mn™" exhibit d* electronic configuration

(D) When Cr’" is used as a reducing agent, the chromium ion attains d’ electronic configuration
DB0130

Fusion of MnO, with KOH in presence of O, produces a salt W. Alkaline solution of W upon
eletrolytic oxidation yields another salt X. The manganese containing ions present in W and X,
respectively, are Y and Z. Correct statement(s) is (are) [JEE Advance 2019]

(1) Y is diamagnetic in nature while Z is paramagnetic
(2) Both Y and Z are coloured and have tetrahedral shape
(3) Inboth Y and Z , n-bonding occurs between p-orbitals of oxygen and d-orbitals of manganese.
(4) In aqueous acidic solution, Y undergoes disproportionation reaction to give Z and MnO,,.
DB0131
Consider the following reactions (unbalanced) [JEE Advance 2019]
Zn + hot conc. H.SO, > G +R + X
Zn + conc. NaOH —» T + Q
G + H,S + NH,OH — Z (a precipitate) + X +Y
Choose the correct option(s).
(1) The oxidation state of Zn in T is +1
(2) Bond order of Q is 1 in its ground state
(3) Z is dirty white in colour
(4) R 1s a V-shaped molecule
DB0132

ALLEN .
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. ALLEN d-Block Compound

ANSWERKEY
1. B 2. (A) 3. (A) 4. (B)
5. (B) 6. (B) 7. (D) 8. (A)
9. @A) 10. (B) 11. (O 12. (A)
13. (A) 14. (O) 15. (B) 16. (B,C)
17. (B) 18. (A) 19. (A) 20. (B)
21. (A) 22. (A) 23. (B) 24. (A)
25. (B) 26. (C) 27. (B) 28. (B)
29. (D) 30. (D) 31. (A) 32. (A,O)
33. (D) 34. (D) 35. (O) 36. (B)
37. (O 38. (A) 39. (O) 40. (D)
41. (A) 42. (A) 43. (B) 44. (A)
45. (A) 46. (B) 47. (B) 48. (D)
1. (A,B, O 2. (B, C, D) 3. (A, B) 4. (A, C,D)
5. (A, B) 6. (A, B) 7. (A, B, D) 8. (B, O)
9. (A,B,0O 10. (A, B, ©O) 11. (A, B) 12. (A, B, C, D)
13. (A, B) 14. (A, B) 15. (B, C) 16. (A, B, C)
17. (A, B, O 18. (A, B, ©O)

EXERCISE # S-1

(6), In this reaction CrO,Cl, is formed in which Cr is +6.
(2)’ V+4, Cu+2
a1, +7, +4
(3), Mn*, Fe**, Co**
CrO,Cl, has d3S hybridisation and all 3d-orbitals are non-axial which are dXy ; dyZ andd_.
(003)
(6), Mohr's salt
FeSO, .(NH,),SO,.6H,0
6 Fe** + Cr,0.> + 14 H* - 2Cr* + TH,O + 6Fe*

NN A WD

8. 3
(D BaCl, + Na,CrO, _CH:COOH , ByCrO, | + 2NaCl
() K,Cr,0, + NaOH —> K,CrO,

Cr0> ——Cr,0>

OH

() Cr,02 +NO; — no reaction.

(IV) Cr,0% +C,H,O0H—"5CH, - COOH +Cr*

m
\ 4
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© 2.(D) 3.(A) 4. (B)
B) 6. (D) 7. (C) 8.(A)
(D) 10. (A)-(R,S) ; (B)-(R,S) 5 (O)-(P,Q) 5 (D)-(P,Q)

- (A)-R) 5 (B)-(S); (O)-(P) ; (D)-(Q) 12. (A) 13. (C)
(B) 15. (B) 16. (A) 17.(B)
©) 19. (C) 20. (B) 21. (C)

. (O 23. (D) 24. (A) 25. (A)

ALLEN .

EXERCISE # S-2

EXERCISE # JEE-MAIN

1. @ 2.(2) 3.4 4.(1)
5. (3 6. (1) 7. (4) 8.3
9. (3 10. (2) 11. (4) 12. (4)
13. @ 14. (1) 15. @) 16. (4)
17. @) 18.(3) 19. (1) 20. (1)
21. 3) 22.(2) 23.(2) 24.(3) 25. (4)
EXERCISE # JEE-ADVANCED

TRUE/FALSE :
1. True

FILL IN THE BLANKS :
2. H,S

MULTIPLE CHOICE QUESTIONS WITH ONE CORRECT ANSWER :
3. (© 4. (B) 5. (A) 6. (B)
7. (B) 8.(B) 9.(A) 10. (A)
11. (A) 12. (A)

MULTIPLE CHOICE QUESTIONS WITH ONE OR MORE THAN ONE CORRECT ANSWER :
13. (B,C) 14. (A) 15. (A), (B), (O)
16. Ans.(2,3,4)

MnO, +2KOH +lO2 —>K,MnO, + H,0

2
(W)
(W)=K,MnO,,, = 2K§§q) + MnOi(_aq)
(Y)
2
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d-Block Compound

17.

Sol.

K,MnO, +H,0—=22%¢ 3, H + KOH +KMnO,
(X)

[anion of X = MnO,"]

2)
¢ MO} MO e
(Y) (2)

In acidic solution; Y undergoes disproportionation reaction

[3MnO}, +4H® —>2MnO; + MnO, +2H,0 |
(2)
Ans.(2,3,4)

Zn + 2H,SO, (Hot and conc.) —> ZnSO, + SO,T + 2H,0
G ® X
Zn + 2NaOH (conc.) — Na,ZnO, + HzT

(T) Q
ZnSO, + H,S + 2NH,0OH — ZnS{ + 2H,0 + (NH,),SO,
2) X) (Y)
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