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CHEMISTRY OF SOME
IMPORTANT

'~ COMPOUNDS OF

 TRANSITION ELEMENTS

22.1 INTRODUCTION

You have learnt in lesson 19 about transition elements these elements are characterised by

their high tendency to form large number of binary and ternary compounds in which the

metal atom exists in either of the various possible oxidation states. In this lesson we shall

learn abouf a few industrially important, compounds of transition elements of the first

series. The metal in all these compounds is in the highest oxidation state. As such some of
~ these compounds are good oxidising agents. Uses, in brief, are also mentioned.

22.2 OBJECTIVES

Afier reading this chapter you will be able to

describe the production on large scale of potassium dichromate from chromite ore.
recall the chemical properties and uses of potassium dichromate.

describe the preparation and use of chromic acid.

explain the process preparation of potassium permanganate from pyrolusite ore
describe the conversion of potassium manganate into potassium permanganate.
describe the oxidation properties and uses of potassium permanganate.
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e  describe the laboratory and commercial scale preparation of ‘blue virtroil”.

»  recall the properties and uses of copper sulphate.

®  describe the laboratory preparation and manufaciure of potassium ferrocyanide.

e  describe the properties, laboratory and commercial uses of potassium ferrocyanide.
s  describe the preparation, properties and uses of calamine.

s calculate the oxidation number of an atom in a compound.

IMPORTANT COMPOUNDS OF TRANSITION ELEMENTS

The preparation, properties and aippﬁcations of the important compounds of transition
elements is discussed below.

223 POTASSIUM DICHROMATE (K,Cr,0.)

General; Mineral chromite or chrome iron stnne {FeCr,0,)) ZFemms chromite} is the
starting material for the manufacture of all chromates and-dichromates. Soluble chromates
are prepared using alkali metal oxides, hydroxides or carbopates whereas insoluble
chromates are made by double decomposition mvolvmg soluble chromates. All soluble
chromates are poisonous.

Large scale production of potassium dichromate from chromite ore.

A mixture of finely powdered concentrated chromite, sodium carbonate and quick lime is
heated to redness in a reverberatory furnace in free supply of air. Carbon dioxide is
evolved and sodium chromate is formed. The function of quick lime is to keep the mass
porous and prevent fusion.

4Fe0.Cr,0; + 8Na,CO, + 70, ——— 2FeCO, + 8Na2Cr0 + 8CO,
chrotmte

The mass after roasting is extracted with water which dissolves soluble sodium chromate
Jzaving behind insoluble ferric oxide, Fe,0,.After concentrating the solution containing
sodium chromate, concentrated sulphuric acld is added.

2Na,Cr0, + H,S0, ~—— Na,Cr,0, + Na SO, + H,0

Sodium sulphate produced, crystallizes out and is removed. On further concentrating the
solution, deliquescent red crystals of sodium dichromate, (Na,Cr,0, .2H,0) slowly separate
out on cooling. WM\aredhotsammtedsquuonofsodmmdichromatelsmixedthha
saturated solution of potassium chloride, sodium chloride is separated out, followed by
separation of gamet red triclinic crystals of potassium dichromate with melting point
677 K. Since potassium dichromate is moderately soluble in cold water (100g L™ at 15°C)
but easily soluable in hot water (1000 gL} at 100°C it is readily purificd by recrystallization
from water.

Chemical properties

1. Since chromium forms stable compounds is low oxidation state as well, potassium
dichromate in which oxidation number of chromium is +6, acts as a powerful
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-_ondumgagmt.Fm'ﬂuspmpme,itmmedasapmmstaudardmuelumetm
analysis. In acidic solutions,: memlemleofpotasmumdnchmmteﬂam\shesduee
atoms (i.e., six equwa!ents) of avaﬂableoxygm as follow:

K._.Cro +H,S0 — KSO,+Cr (SO,‘),+4H,0‘+’ EER PR A

Theavallableoxygmﬂ:enuxxdmfenuusand:odldemornwleculeofSO ‘as

By

2FeSO, + H,SO, + {0] —— FeS0),+H, (2:1)
21-11-1-[0]—-———>H=(3+12 o o o
K,Cr,0; + H,S0O, + 3580, ——» Cr (SO,)3 +K280 +Hzo (1:1) |

2. Potassmm dichromate when heated with concentrated sulphuric acid a.nd an ionic
chloride (such as NaCl, KCI ete.) fornis red vapours of chromyl chloridé, {(CrO; Cl,)
as follow

KgCrO +2HzSO — 21([-150 +2Cr0 +HZO | -
NaCl + H.SO, ——» NaHSQ, + HCl | = 4 g;:tm e
Cr0, + 2HCl] ———» Cro,CL + H,0] % 2 .

K,Cr,0, + 4NaCl + 6H,S0, —»2KHSO, + NaHSO0, + 2CrO.CL + 3HO m

Red vapours of chromyl chloride, a derivative of chromic acid is absorbed in dilute
solution of sodium hydroxide or water. A yellow solution of sodium chromate is
formed. On acidifying this solution with acetic acid and adding lead agetate, & yellow - -
precipitate of lead chromate, which is soluble on heating and reappears on cooling, is
formed. This. musedasconﬂnnatorytesttodetmtﬂlc presemeofdnlondeimme
qualnanve analysis.. S : . ‘

3.  When conoentmted sulphunc acld is added to a solunon ofchromatenrdlchrmna;e a
red coloured solution of chromic trioxide (CrQ,) often called “chromic acid”, is
obtained. In the acidic solution it exists only as dxchrotmc acid, (H;Cr,0,). Chrommm
trioxide is a very powerful oxidising agent. :

4. Oxidation number of chromium is +6 in both chromates and dichromates. However,
in neutral aqueous solutions, du:hromate 10ns e,\m in =quilibrium with chromate ions

as:
CCHOTHHO == 2Chor 2
'Ordnge T S Yellow R

Thus in acidic medium, equilibrium shifts to the left and dwhromate .. Jons

exists whereas in alkaline medium, ‘only fondmeric chiomiate jons exist,
uses:

1) Potassium dichromate is used as an. 1mportant volumetric reagant for the estimation
of Fe I, 803‘ o e TS -
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-2) : ¥t s used in. themand’mh:re ofcimnme alum, K280 Cr,(80,),24H,0 an important

. compound uscd in the tanning oflmthamddymgof fabrics.

. INTEXT QUESTIONS 22.1

- 1. Name the starting materials used in the preparation of soluble chromates. and

2. How is sodium chromate converted into sodium dichromate.

/

3. . Calculate the equivalent weight of potassium dichromate.
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- 4. .- What bappens when potassium dichromate is heated with a chloride and concentrated

sulpburic acid.

- 5. .. Give the - molecular formula of chromalum. What are its uses?

................................................................................................................................

- 22.4 - POTASSIUM PERMANGANATE

General . Whea pyrolusite ore of manganese dioxide is: fused with hydroxide of sodium or
potassium. in presence of air or. an oxidising agent such as potassium-nitrate or chlorate,

- the potassium-or sodium manganite first formed is-converted into a dark green mass of

~<MnO, +:2KOH ——— K;MnO, + H,0
Potassium manganiic
2K;MsO, + 0, ——— K;MsO,
. Potassium manganate

The dark green mass of potassivm manganate is dissolved i & small guantity of cold water
mhmaﬁmmﬁmmmummsofmmembe
obtained on concentration,

Coaversion of potassium manganate into petassium permanganate

-Any of the following methods can be used for preparing potassium permanganate.

(1) " When. green. concentrated solution of. potassiuma. manganate: is gently warmed, or
largely diluted with water, the green colour changes to pink owing to the formation of
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potassium permanganate. Potassium manganate is not hydrolyzed in alkaline selutions
or in pure water. Even a trace of acid, like carbonic acid, is cnough to bring about the
hydrolysis.

3KMn0, + €O, + O ———» 2K,CO, + 2KMn0, + MnO, H,0

(2} Potassium manganate may also be coamverted into potassium  permanganate by
oxidation cither chemically with chlorine or ozone or electrolytically at the anode,

Chemical oxidation:
2KMO, + Cl, ———— 2KM=O, + 2KCl
ZKMn0, +0, + H,0 —— 2KMnO, + 2KOH + O,

~Mn0*  ——— MnO/ +c(at anode)
green purple
Physical properties

Potassium permanganate forms dark purple red rhombtc prisms which have a green
iridescence. It is sparingly soluble in water (5.31 g in 100 ml at 15°) giving a deep-purple
solution which is opaque until very dilute. The crystals on heating evolve oxygen and form
a black powder of potassium manganate and manganese dioxide.

2KMnO, —* K,MnO, + M=O, + O,
Chemical properties

Potassium permanganate is a powerful oxidising agent. The action is different in alkaline,

() In alkaline solution: Two molecules of KMnQ , Bive three atoms of available oxygen.
2K;MnO, + HO —— 2KOH + 2Mn0Q, + 30
Alkaline permanganate oxidises iodides to iodates.
2KMn0, + H,0 + KI ——— 2KOH + 2Mn0, + KiO, |
(ii).: In neutral solution, KMnO, oxidises Mn® salis to MnQ, and H.,S to S as follows:
2KMzO, + 3MnSO, + 20,0 ——» K,SO, + 5MaO, + 2HLS0,
. 2KMnQ, +4H,S ——» 2MnS + S + K,SO, + 4H,0

(iif). In acidic solution, tweo molecules of permanganate are reduced to manganese (1) salt
- and five atoins of oxygen are hiberated ,

.- 2KMa0, +3H,S0, ——+ K,SO, + 2MnSO, +.3H,0+ 50
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' ZKMnO +5 ’ +3H,SO m-*K,SO + 2MnSO, + 10CO, +8H,0 R
. cooH N

Themusbwatﬁrstunlesssomemangancse(m”lphateuaddedwhmhacts

-uanhlyst.ﬂ:eamdatmmc&mn:usmﬂymmadmﬁmprmdfﬂ,ﬂﬂ HCL -
nﬂm&dmnlﬁmmﬁmdtnm,m o

Uses:;

L Potasnmnpmmganamlsusedasanmddmngagumﬂwlabormwandm
industry.

2. Because of its oxuhsmg propemes, 1tlsused fordlsmfecung we[lsandlakc water as
mnthwaxh,forwashmgwoundsandgarglmgdunngﬂxmatmfecﬁws '

_ 3. Itis used as a reagent in. volumetric analysis for esnmatmg Iron (II) ion, -oxalic acid,

oxalate ion, sulphites and hydrogen pemxide

INTEXT QUESTIONS 22.2

I How is pata.ssnxm manganatc oonverted mto potasmum pcmanganate‘?

2. GtverwcumsofKMnO toshowthatrtactsasanoxlmsmgagmmneutra!
aﬂcalmandacid:cmedxa

L TS ST

3. Why KMnO, is added to wells and lakes from where water is drawn for drinking.

N u[\--l-a‘—(-o-u-'--o-.|.'b---.---'--.d.n....-----.-.u---.....-n..----.-------------vo...------.--..---vu-----a.-------...------.....

225 COPPER SULPHATE

General: copper sulphate pentahydme is comimercially known as ‘blue- v:tnol’ Tt forms
large, transpmt bluc triclinic crystals
Pmpai”_a!inn

() Pure copper sulphéte is made in the Iaboratory by dissolving either copi)er oxide or
copper hydroxide or copper carbonate in dilute sulphnnc acid and evaporating ‘the
solutum to crystalhzauon point.

":;l C,

(ii) Onommncrcxal scalcnlspmpm'edbyclﬂxcrofﬂm followmgnwthnds

(a) Scrap copper is -heated in a- rembermyﬂzmacew:th sulphur. Copper (1I)
sulphide thus formed is oxidized to sulphate using air as oxidant. Impure copper
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¢ sulphate" is” leached “with dilute sulphuric acid and crystallized; insoluble : '

(b) Dilutt sulphuric acid is sprayed on the scrap copper in a lead-lined tower in '

ich air is blown upwuds.Thg_solutiousofonnediscircuIateduntilsuﬁigimt
 2Cu+2H;S0,+0; —— 2CuS0, + 2H,0.

Properties '

I Coppersuiphatepmtahydmtelmfomwatermblewlesat 100°C, the residiaal mono
hydrate is bluish white. The fith water molecule is more tightly bound and is lost only at
230°C when white anhydrous copper sulphate is formed. This is highly hygroscopic and

turns blue on absorption of water. On heating at 750° decomposcs to give copper oxide
and sulphur trioxide. . - R R

: -:-Cuso‘.,...l@_,f.(;uo,ﬁ SO_, e

Itis extmivdyusedhnuldngehoﬁoplaﬁnghaﬁsandinmmng '
Jtis used as a mordant in the dyeing and printing industry,
- 1t i8 used for preserving timber and as fungicide for fruit trees. ‘As fungicide it is

applicd as solution called Bordeaux mixture formed by mixing copper sulphate

solution with milk of lime (Ca0). , . o
-5 It is used in preparing laboratory reagents like Fehlings solution and Benedict’s

22.6 POTASSIUM FERROCYANIDE

Preparation : Potassium ferrocyanide is formed. by adding:excess of potassium’ cyanide to
@ solutiont of Iron (II) suiphate until the brown precipitate, formed initially, redissolves
ZKCN + FeSO, = Fe(CN), + K,80, :
Fe(CN), + 4KCN ————» K _[Fe(CN)]

~ Potassium ferrocyanide isalsoobaimdwhmcmdcooalgasispasedthmugh a solution
of Tron (IT) sulphate and alkali to remove cyanides. D
mnmm,m:wm:)um;mmgmmmmﬁump_m
fused mass is then dipested with water and filtered. The sohition on eviporation deposits
yellow crystals of potassium ferrocyanide, K [Fe(CN)].3H,0 ’
Properties : )

Potassium ferrocyanide crystallizes as laminated sulphur yellow crystals. It is soluble in

W N e
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water, the aqueous solution is better in taste but not particlarly poisomous. The salt
decomposes on heating as follows:

K JFe(CN),] ———» 4KCN+Fe+ 2C+N,-

When heated with dilute sulphuric acid, HCN is formed whereas carbon menoxide is
formed on heating with concentrated acid.

Uses:

1. Itis used as a laboratory reagent for the qualitative detection of copper, molybdenum
ete.

2 Itis used in the manufacture of prussian blue.

22.7 CALAMINE

Preparation : Zinc carbonate occurs native as calamine. In laboratory it is formed when

- zinc oxide dissolve in water containing carbon dioxide. Zinc carbonate is also
precipitated when sodivm bicarbonate is added to a soluble zine salt. However , addition
of a sodium carbonate solution précipitates basic carbonate (ZrCO,.2Zn(0H), H,0).

Properties

Calamine is chemically basic zinc carbonate. It is a white powder but the commercial
sample is pink because of the presence of traces of iron oxide. It decomposes on heating to
Uses:

Calamine has mild astringent and antiscptic actions and is used as a lotion and a dusting
powder in a variety of skin disorders.

INTEXT QUESTIONS 22.3

1. Why all the five water molecules present in CuSO,.5H,0 crystals, not lost on heating
at 100°C.

2. CuSO,SH,0 Crystals on heating lose colour to give a white powder, What happens
when .

(i) a drop of water is added to this white powder,
(i) When it is heated to 750°C or more.

3. 'What is Bordeaux mixture and what is its use?
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4. How is Potassium ferrocyanide prepared from slaughter house waste.

5. Write two uses of calamine.

22.83 WHAT YOU HAVE LEARNT
*  Potassium dichromatc and potassivm permanganatc are prepared from chromite and
pyrolusite eres respectively.

* Both K,Cr,0, and KMnO, are oxidising agents. The former acts only in acidic
medium while the later acts in alkaline, neutral as well as acidic media.

*  Potassium ferrocyanide is prepared on large scale from the nitrogen refuse, potassium
carbonate and iron fellings,

*  Coppersulphate is used to prepare Bordeaux mixture, fungicide and Fehling and
Banedicts reagants.

®  Calamine is an antiseptic.

22.9 TERMINAL EXERCISE

1. Do you think a solution of potassium ferrocyanide gives normal reactions of ferrous
ions? Explain.

Give uses of calamine.
State uses of copper sulphate.
* Zinc salts are white in colour but calamine is light pink. Comment.
What is prisssian blue? How is it prepared?
Write molecular formula of potassium manganate and calculate oxidation number of
manganese in this compound.
7. Under what conditions potassium permanganate will oxidise
(i) K (i) MnSO,

S s wop

CHECK YOUR ANSWERS

INTEXT QUESTIONS 22.1

I. Mineral chromite or chrome iron stone (Ferrous chromite, FeQ.Cr,0, or FeCr,0,)
and alkali metal oxides, hydroxides or carbonates are starting materials for the
preparation of chromates. -
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2. Sodium ‘chromate o Ereatnicit with: Concentrate sulphiuric ‘acidl*forms sodium

2Na,Cr0, + H,S0, — Na,Cr,0, + Na,SO,
3. Chrmnylchloﬂdc,anorangoredgas in formed.
-~ - K,Cr0, + 2HSO, ——— 2KHSO, + 2Cr0, + H,0
NaCl + H,SO, ——— NaHSO, +HC1 :

i CrOy + 2HC ——» CrOCL+HO0. . . oo
' Chromyl chloride

INTEXT- QUESTIONS 22‘2

l. Whengmmsoluhmofpotassmmmngana&mgcnﬂywmnmd,mangﬂxmdmmdcls
’ prempmtedandpcmmnpmcamdxsfomed

.., KoMBO, + 2H0 ——— 2KOH + HMnO,

3HMn0, —» ZI-MnO + MnO,H,0 +H,0
Manganic acid ' Pennanga.mc acld
- (green) - - - (Pink) -

rhomhtc prisms of KMnO scparat out

il

2 KMnO acsasoxldtsmgagmtoverawx;iepl-lmnge P
() In ncutral medium: It oxidises sulphides to sulphur and My to M -
2KMnQ, + 4§ ———» 2MnS + S +K,SO, + 4,0 - - i
2KMnO, + 3MnSO, + H,0 —— K80, + 5MnO, +2HZSO
(i} In alkaline medium, it oxidiscs iodides to iodates. . ERR ST
-2KMnO, + H,0 + Kl © ——— . 2KOH + 2Mn0, + KIO,
(iii) In acidic medium, oxalic acid is oxidised to carbon dioxide.

"COOH ~ . ¢
2KMnO,+5 | +3HSO, ——-K,so +MnSO + 10CO + 8HI
COOH -

T3 meseof:tsomdnsmgpmperuesnmaddedwweﬂs.lahsetcmd@shoymmobes
. 1 is an cxccllent disinfectant.

INTEXT QUESTIONS 22.3

1. Four of the five, water molecules are Water ofCtystalhsahon wh:le tbc ﬁﬁh molecule
lstthaﬁcrofCo-ordlmuon ltlslostonlyabwc230°C' S

2 (:) Onaddmgadmpofwater ﬂ\cblueuolounsr,estored, L o
(ii) On heating to 750°C, CuSO, decomposes to CuO and SO,
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3.

Bordeaux thixture is formied by mixing copper sulphate solution with milk of lime
(Ca0). It is a fungicide and is used to pressure timber and fruit.

Slaughter house waste contains nitrogenous refuse like blood, hom, Ieather etc. It is
fused with K,CO, and iron filling and the fused mass digested with water and filtered.
On evaporating the solution, yellow crystals of K, [Fe{CN),] separate out.

Calamine is an antiseptic. It:susodmthcfomoflouonanddusnngpowderma
variety of skin disorders. ,

TERMINAL EXERCISES

Smcelmnatommapartofooordmznoncomplexspecms 1tdwsnotmpondto
normalmct:onsoflron(l[):ons

Calaunmhasnuldashmgmﬂand‘anﬂsepﬂcacﬂ%nsandlsusedasalouonanda

’ dusnngpowdermavamtyofshndlsordcm e
.'Rmusedﬁnthemamfammofmpwtscmtammgwppercarbmm It is

extensively used in making electroplating baths and in storage batteries. It is used as
amordantmmﬂdymngmdpﬂltmgmmmkuusedﬁrprwewmghmberandas
ﬁmglcldsforﬁ'mtm Asﬁmgmdclttsappﬁe&asasolutloncalledBordmux'
mixture formed by mixing copper sulphate solution-with milk of lime (Ca0). It is- -

' usedmprepanng]abora@orymgmtshkchhlmgssoluhmmdBcnedmsmgmn

Calamine is coloured light pink due to impurities ofxron compounds
KFe [Fe(CN), 1. It is prepared by mctmg an Iron (1) salt soluhon w;th potassmm

“'femcymnde _ |
=-KMO Ox;datmnnnmberofmanganwc:sﬁ

. @) Allaline, (i) neutral, and (i) acidic.
,(1) Anmimepcmmngammmmaummdm

" IKMnO, + 3H,0 +KI ——— KOH, + 2Mn0, + XIO,

(i) In neutral solution, KMnO, oxidiscs Mn** salts to MnQ, -

2KMnO, + 3MSO, + 2H,0 —— K,SO, + SMnO, + 2HSO0,
{iif) In acidic solution, oxalic is oxidized to carbon dioxide.
2KMnO, + 5C,H,0, + 3H,S0, ~— K,SO, + 2MaS0, + 10CO,+ 8H,0
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