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introduction: @

Transition elements are those elements which have partially filled d
or f orbitals either in their atomic or in any common oxidation states. They
are located between s and p block elements in the periodic table. The
transition elements, for the sake of convenience, may be divided into two

main categories.

a. The main transition elements or the 'd’ block e!e’men'ts.. ‘
b. The ‘f block elements (Inner transition elements) |

We will discuss the main transition elements only.
The main transition elements
These elements have partially filled (n-1) d orbitals in the ground
state of their free atom or at least in one of their common ions.
They are commonly known as d block elements and are further
subdivided into four transition series.

iy The first transition series: This includes the elements from
scandium(?'Sc) to copper (**Cu).These elements have partially
filled 3d orbitals.

i’ The second transition series: This includes nine elements
starting from Yttrium (**Y)to silver (’Ag).These elements have
partially filled 4d orbitals.

i’ The third transition series: This series includes the elements
Lanthanum (¥'La) and elements from Hafnium (°Hf) to Gold
("°Au),all of which have partially filled 5d orbitals.

iv) The fourth transition series: This is incomplete transition series.
It includes elements Actinium (**Ac) and Rutherfordium
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(1Rf) to Meitnerium ("°Mt).These elements have partially
filled 6d Orbitals.

m General|Features

. They are all hard metals and have high melting and boiling points. This
is due to high nuclear charge and small atomic radius.
. They are good conductors of heat and electricity.

. Most of these elements show variable valencies or oxidation states.
This is due to fact that in addition to the outermost “s” electrons,

transition elements can use (n—1) d electron, ((n-—1 )d and ‘ns’ electrons

of comparable energy) in bond formation. So varying number of

electrons can take part in bond formation leading to variable valencies.
. Their compounds are mostly coloured in solid state and in solution. Colour is
due to the incomplete “d” orbitals in which electronic transition is possible.
. Some of these elements form paramagnetic compounds because of the
presence of unpaired electrons.
. They have the ability to form complexes because -of the involvement of
vacant d- orbitals.




@ They form alloys with the d and f- block elements and also with the
elements of other blocks.

When we build up the electronic configurations of the atoms, we find
that each transition metal series results from the belated filling of an inner
subshell of electrons. Thus the first series (fourth period) corresponds to
the filling of 3d subshell as shown in table 14.2. The “pre-transition”
element calcium (Z=20) has an [Ar] 4s® configuration. Scandium (Z=21),
the first transition metal in this series, has the configuration [Ar] 3d’ 4s2
Addition of electrons to the 3d subshell continues until, at Zinc (Z=30), the
3d subshell is filled, with the 4s subshell still containing two electrons, as it
did with calcium: [Ar] 3d'® 4s This transition from an empty 3d subshell to
a filled one occurs with only two irregularities, one at Chromium (Z=24)
and the other at Copper (Z=29).

The second, third and fourth transition metal series correspond to the
filling of the 4d, 5d and 6d subshelis respectively. The general valence
shell electronic configuration of atoms of d-block elements may be written

as

In the lanthenides (*3Ce to "°Yb) and Actinides (**Ac to '®Lw) series
valence shell electron goes to “4f” and “5f” orbitals respectively.

The atomic and ionic radii of the first transition series (3-d block
elements) decrease slightly from left to right in a period. This gradual
decrease is due to the increase in nuclear charge, which resuits in greater
attractive force between the nucleus and the outer electrons. Copper the
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last member of the transition series, shows a slight increase in atomic
radius, which is the result of repulsion between the outer electrons. The
atomic and ionic radii are given in table 14.2.The transition metals have
high density because they possess greater mass to volume ratio.

------
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Blnding Energy
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Transition metals are generally tough having great mechanical strength
due to strong metallic bonding. This is because, apart from s-electrons of
the outermost shell, the unpaired electrons of underlying d-orbitals also
participate in bonding. )

In moving from left to right in any transition series, the number of
unpaired electrons increases up to group VB and VIB, after that pairing
takes place and the number of unpaired electrons goes on decreasing
until it becomas zero at group 1B. Therefore, binding energy increases up
to group VIB and then progressively decreases up to group 1IB. For
example in 3d series binding energy increases up to Vanadium and then
decreases up to Zinc.




Most of the transition metals show several oxidation states in their
compounds. The cause of showing different oxidation states is that in
addition to using electrons in the outermost sub-shell namely “ns”, a
variable number of inner (n—1)d electrons can also be used in bond

formation.

The common oxidation states of each element include +2 or +3 or both.
However +3 state is more common at the beginning of series and +2 state

is more common at the end of series as shown in table 14.3.

Element Name
and Symbol

Electron Configuration

Scandium (Sc)
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Iron (Fe)
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Fe: [Ar] 45%3d°
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Cobalt (Co)

42,43

Co: [Ar] 45734
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Nickel (Ni)

+2

Ni: [Ar] 4573d°
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Copper (Cu)

+2

Cu: [Ar] 45!3d'
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Zinc (Zo)
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Zn: [Ar] 4533d%°
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The highest oxidation state from Sc*® to Mn*’ corresponds to the
involvement of all the electrons outside the Argon core. After this the
increasing nuclear charge binds the d-electrons more tightly, so cnward
from Fe to Zn only the weakly held electrons of “4s” subshell are involved
in oxidation state.

Most of the transition metals and their compounds are used as catalyst.
Some comr.non examples are Pt, Ni, Fe, Cr, V205 etc. Catalytic property of
these elements is due either to the use of their d-orbital or the formation of
interstitial compounds which absorb and activate the reacting substances.

Transition metals have variable oxidation states and hence are capable
of forming intermediate compounds which help in the formation of desired
product e.g. finely divided Iron is used as a catalyst in Haber Bosch
process for the synthesis of ammonia. The application of V20s, in the
conversion of SO, to SOz for the manufacture of H,SO4 by contact
process, the use of TiCly in the polymerization of ethene to polythene
polymer, the application of Ni, Pd or Pt in the catalytic hydrogenation of
unsaturated hydrocarbons and the use of Cu in the oxidation of ethanol to
acetaldehyde are examples of catalytic properties of transition elements.

Substances show two different types of behaviours when subjected to an
external magnetic field. If a substance is weakly attracted by a strong
magnetic field, it is called paramagnetic substance whereas a substance




weakly repelled by magnetic field is called diamagnetic substance.

Paramagnetic behaviour is due to the presence of one or more unpaired
electrons in an atom, ion or molecule of the substance. The attraction is a
result of interaction of magnetic field produced by spinning electron with
the external field. In diamagnetic substances the electrons are paired up
due to which magnetic field of oppositely spinning electrons cancel each
other. )

An extreme case of paramagnetism is called ferromagnetism as shown by

Fe*® and Mn*? ions which have five unpaired electrons each.

Transi{ion metals have another great characteristics that they easily mix
with each other. This is because all the d-block metals have about the
same atomic size. This allows them to replace one another easily in
crystal lattice. When two or more metals mix or replace one another, we
call the mixture an alloy, .

Brass is a good example of alloy which is a mixture of copper and zinc.
These elements and alloys are essential for the existence of life and also
for of its progression through time. (Bronze age, Iron age etc.)

Some of the important alloys and their uses are shown in table 14 4.




Cu 75 90% s ! Statues, .coms |bells .1blades,|
Sn—10 25% r'=mach1neparts _-.! i1 M

TAu=70-75% o5,
(18 carat) Cu=20-25 % 'Footh~fm|ng,gstatues_.-;- _ !-* .

-

Most transition elements can form complex ions, in which the metal ion is
surrounded by groups of negative ions, or molecules for example if you
add ammonia to a solution containing Cu(ll) ions, a pale biue precipitate of
Cu {Il) hydroxide forms. It dissolves again if you add more ammonia,
giving a deep blue solution, because a soluble complex ion forms.

In this complex, four ammonia molecules and two water molecules
surround Cu*? ion. Its formuia is [Cu(Hz20)2(NHa)a]




mwm mmm-‘- MJE": e (1

11-:—1__r fa: ' H e o T T 1 W

In cationic and neutral complexes the name of the metal remains the
same. Whereas in  anionic complexes the name of the metal is
followed by ate e.g. Cr becomes Chromate, Fe,ferrate, Co Cobaitéte,
Cu Cuprate and Ag Argentate. Other examples are:

 Ka[Fe(CN)] WMHM“’&E&{? |
mﬁ@mmmmm ate (1)

Coordintion compounds have definite geometrical shapes because the
bond formed between central metal atom and the ligands are directional in
nature,

Hence, the ligands are arranged around central metal atom in a clear
spatial geometry. This geometry depends on the number of ligands
(coordination number) and type of hybridization taking place in central
metal atom.

Complexes with COOl:dinatiOI'I number four and six are very common.
The former exists in two geometrical shapes, tetrahedral and square
planar while those having coordination number six exist in octahedral
shape. .

Complexes having coordination number five are less common. These
complexes exist in two main possible geometries i.e. trigonal bipyramidal
and square pyramidal shapes. |




6-coordinated complex ions
These are complex ions in which the central metal ion is forming six co-
ordinate covalent bonds or in simple words the central metal ion is

attached to six ligands.

These ions have an octahedral shape. Four of the ligands are in one
piane, while the fifth one lying above and the sixth one below the plane.
The diagram shows four fairly random examples of octahedral ions.

-

These are far less common, and they can take up one of two different

shapes.
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i Tetrahedral ions
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The copper{ll} and cobalt(ll) ions have four chioride ions bonded to them
rather than six, because the chioride ions are too big to fit any more

around the central metal ion.
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[ CuCly 2- [ CoClg I2-
Fig 14.2 Tehedral ion geometry

A square planar complex

Occasnonally a 4-co-ordinated complex turns out to be square planar.
There's no easy way of predicting that this is going to happen. The only
one you might possibly come across at this level is cisplatin which is
used as an anti-cancer drug.

H,Ns—» Pt «—3CI

NH

Pt{NH3)2Ck
Cisplatin

Fig 14.3 Square planar complex
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Most of the compounds of the transition metals are coloured in solid or
solution state. The colour of the transition metal ions is due the presence
of unpaired electrons or incomplete d-orbitals. When light is allowed to fall
on a substance, it absorbs from it the light of a particular colour whose

wavelength is in the visible region (4000 - 70001?\) and reflects the
remaining light which has the colour complementary to that of the
absorbed light. This complementary cblour which is actually the colour of
reflected light becomes the colour of the substance.
The ions which have completely filled or empty d-orbitals are colourless
e.g. Cu* (3d"%, Zn*2 (3d"%) and Sc*? (3d°), Ti** (3d°) are colourless.
Colours of hydrated cations of the elements of first transition series is

given in following table 14.5.

T PO o ety | ot
{ No. of unpaired' |

| electrons
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0
4
5
5
4
A
1
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Table 14.5
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Vanadium, symbol V, silvery-white metallic eiement with an atomic
number of 23. It was discovered in 1801 in Mexico by Andrés Manuel del
Rio, but it was mistaken for a form of chromium. Vanadium was
rediscovered in about 1830 by the Swedish chemist Nils Gabriel Sefstrom.
The element was named after Vanadis, goddess of beauty and love in
Scandinavian mythology.

The oxidation state of an element is related to the number of electrons that
an atom loses or gains or appears to use when joining with another atom
in compounds. It also determines the ability of an atom to oxidize or to
reduce other atoms or species. Aimost all the transition metals have
multiple potential oxidation states. Oxidation states of atoms depend upon
unpaired electrons in d-orbitals.

Compounds of vanadium in +5, +4, +3 and +2 oxidation states are
important. The compounds in the lower oxidation states are good reducing
agents. They are also ionic in character and on account of incomplete
electron shell they are also coloured. The compounds in the higher
oxidation states are generally colourless due to the empty electron shell.
When a colourless compound of V*® (3d® 4s°) is reduced by suitable
reducing agent, it first turns blue VO*? (3d'4s"), then green v+ (3d%4s%)
and finally violet V*? (3d°4s%). Vanadium also shows +1,0,~1 oxidation
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states in the compounds [V(dipy ),]",V(CO), and [V(CO)]"

respectively.

As Catalyst In Contact process '

The contact process is the common method of producing sulfuric acid in
high concentrations needed for industrial processes. Platinum was
formerly employed as a catalyst for the reaction, but as it is susceptible to
poisoning by arsenic impurities in the sulfur feedstock, vanadium oxide
(V20s) is now preferred.

(V20s) is used as catalyst in various oxidation reactions involving the use
of O, as the oxidizing agent e.g. conversion of SO, to SOs in the

manufacture of HxSO4.

VaOs.
(2802(;) O 250y,

V205 is also used in the oxidation of alcohols and hydrogenation of olefins.

Introduction to Chromium
Chromium, symbol Cr, atomic number 24 is a shiny metallic element.

Being brilliant, hard, and corrosion-resistant, chromium makes a durable

and attractive coating for other metals and is an important component of
stainless steel.

The element was discovered in 1797 by the French chemist Louis Nicolas
Vauquelin, who named it chromium (Greek chroma, “color”) because it
forms a large number of coloured compounds.




Chromium is a common element; overall it ranks about 21st in natural
abundance among the elements in earth crust. Chromium has an atomic
weignt of 51.996; the element melts at 1907°C (3465°F), boils at 2672°C
(4842°F), and has a specific gravity of 7.2.

Chromium is not found native. Its most common minerals are chromite or
chrome iron stone (Fe0.Cr,03). It is also found as chrome ochre (Crz0s)
and crocite (PbCrQ,). Large quantities of chrome iron stone are found in
Rhodesia, Transvaal, Turkey, Russia, India and Pakistan.

The important and stable compounds of chromium are those in which
chromium has +6, +3 and +2 oxidation states. The element in +3 oxidation
state is most stable and hence Cr(+2) compounds are strong reducing
agents while those of Cr(+6) are strong oxidizing agents.

With the increase in oxidation state of the element,

(a) The acidic character of oxides increases with increasing oxidation

state.

(b) Similarly the covalent character of the compounds aiso increases.
Thus Cr(+2) compounds are ionic, Cr{+3} compounds ionize to some
extent while those of Cr(+6) are covalent.




The compounds in which chromium shows +6 oxidation state are
chromium trioxide (CrQOs), potassium chromate (K2CrO4) and
Potassium dichromate (KCr.0-).
Cr{+3) compounds are also called chromic compounds. These may
- be considered derived from chromic oxide, Cr,0,. These are formed
either by oxidation of Cr(+2) or by reduction Cr(+6) compounds such
as chromate or dichromate. Examples of chromic compounds are
chromic chloride (CrCis), chromic sulphate (Cra(S04)s. 18H.0).
Cr(+2) compounds are called chromous salts. These salts are
unstable and tend to oxidize on exposure to air into corresponding
Cr(+3) compound. Some of chromous salts are, CrCly, CrS,
CrS04.7H;0, CrCO; etc.

The:Chromate ~ Dichromate Equilibrium:

When solid potassium chromate, K2CrO, is dissolved in ~
water it forms a yellow solution. When solid potassium | ||l 28 ;
dichromate, KoCrz07 is dissolved in water the resuiting
solution is orange. The colors come from the negative
ions: CrO4%(aq) and Cr.0/%(aqg). However, in solution
these ions are actually in equilibrium as indicated by \

the equation:

This is dynamic equilibrium and sensitive to the acidity and basicity of
solution. According to Le-Chatelier’s principle, the addition of acid to the



reactant shifts the equilibrium towards right and yields more dichromate
(orange). On the other hand, the addition of base promotes the conversion
of dichromate to chromate.

CI'O—: e szd‘?
yellow orange

Dichromate VI ions (for example, in Potassium dichromate (V1) solution)
can be reduced to Chromium (lIl) ions Chromium {Il) ions using Zinc and
either dilute Sulphuric acid or Hydrochloric acid. The equations for the two

stages of the reaction are:
For the reductlon from +6 to +3

Potassium dichromate (V1) solution acidified with dilute sulphuric acid is

commonly used as an oxidising agent in organic chemistry.

For example
it oxidise seoondary alcohols to ketones
OH K2Cr207 c'?
G H+{0] ————+ CH3~C-CHy +
i CH: o GoncHSCs SKetone 1
Sadondary aloohol
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In case of primary alcohol

0] \
I }
CHyCH,OH + [0] —R2Cr297__ yi_ € _H +H,0
] H2804
Primary alcohol Formaldehyde

Formaldehyde is further oxidized to formic acid, under the above

condition.
S 9
H-C—H+[0]—&_, . ¢_oH
) H2S04
Formaldelyde Formic Acid

Tertiary alcohols are not oxidized by potassium dichromate.

5| | Potassium Dichromate as an oxidizing agent in tirations:
In redox titration a standard solution of potassuum dichromate (K:Cr:0;) is
used to determine the unknown concentration of a solution of Fe*,

Dichromate ion reduces to chromium(lll) ions.

[ Cr,03" +14H" +6e~ —»2Cr** +7H,0

Fe(ll) is oxidized to Fe(lll)

~

( 6Fe*® — 6Fe™ + 6e '

—_

Therefore, 1 mole of Cra0;? (the oxidizing agent) reacts with 6 moles of
Fe?* (the reducing agent) to form 6 moles of Fe* and 2 moles of Cr**.

Thus, in net ionic form:

Cr,0;2 +6Fe? +14H* — 6Fe™ +2Cr*® +7H,0

orange green .
Y,
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The molecular form of the equation can be written as:

The 1:6 mole ratio with respect to the amounts of Cr.0;2and Fe** is
consumed.

Manganese, symbol Mn, is silvery white, brittle metallic element used
principally in making alloys. Manganese is one of the transition elements
of the periodic table. The atomic number of manganese is 25.

Manganese was firstisolated in 1774 by the Swedish chemist Johan
Gottlieb Gahn. Manganese metal corrodes in moist air and dissolves in
acid. The element melts at 1245°C (2271°F), boils at 2061 °C'(3742°F),
and has a specific gravity of 7.4. Its atomic weight is 54.938.

Manganese does not occur in the free state, except in meteors, but is
widely distributed over the world in the form of ores, such as pyrolusite,
rhodochrosite, franklinite, psilomelane, and manganite. The principal ore is
pyrolusite. The element's name comes from the Latin word magnes,
“magnet” and was chosen because pyrolusite is magnetic. Manganese
ranks about 12th in abundance among elements in Earth's crust. Ukraine,
Georgia, and South Africa are important producers of manganese.
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ronic configuration of manganese (3d%4S?). It

In accordance with elect
shows a maximum oxidation state of +7. In addition to this state it also

shows lower oxidation state such as +6, +4, +3 and +2.

Manganese compounds where ‘Mn’ is in oxidation state +7, which are
restricted to the unstable oxide Mn;O; and compounds of intensely purple
permanganate ion (MnO,™"} are powerful oxidizing agents.

Mn*€ is present in MnO; in the sait of Manganic acid (H:MnQy). The free
acid is unknown. lts salts are called manganates e.g. KaMnOs. The
compounds having Mn** are very limited in number. The most familiar
compound df Mn** is MnO,. The compound of Mn*? is called manganic
compound. In aqueous solution Mn*? ion is quite unstabie since it is easily

reduced to Mn*? ions e.q.

Mn*? is the most stable oxidation state of Mn in neutral or acidic solution.
Mn*2 ion exist as pale pink hexaaqua [{(Mn(H20)s]*? which is quite stable to
oxidation. The stability of Mn*® is due to half filled 3d-ortital. The
compounds of Mn*2 are called manganous compounds such as

MnC, MnCO3;, MnSQ4, MnCl..

Alkenes react with potassium permanganate(Vil) solution in the cold. The
colour change depends on whether potassium manganate(VIl) is used

under acidic or alkaline conditions.
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Manganate(VIl) ion is strong oxidising agent, and in the first instance
oxidise ethene to ethane-1,2-diol (old name: ethylene glycol).
Under acidic conditions, the permanganate(Vll) ions are reduced to

manganese(ll) ions.

(ECHFCHz + 2H20 + 2Mn0Oy4~ + BHY —» 5!|3Hz-(|:H2 + 2Mn2+
\ OH QOH
N

Under alkatine conditions, the permanganate(VIl) ions are first reduced to

green manganate(Vi) ions . . .

CH2=CH3 + 2Mn0O4" + 20H ———— ?Hz—(l:Hz + 2Mn042-
OH OH .

dark green solution

. . and then further to dark brown solid manganese(lV) oxide

(manganese dioxide).

SCH2=CHz + 2MnO4" + 4H0 ——p 3JCH2-CH2 + 2Mn0; + 20H"

I | '
OH QOH T

dark brown precipitate

KMnOy is a strong oxidizing agent with intense dark purple colour. During
reduction the purple permanganate ion changes into colourless Mn*2 ion.




The solution turns from dark purple to faint pink colour at equivalence
point. The reduction of permanganate requires strong acidic conditions.

For example oxalate ioh reduces permanganate ion in acidic conditions.

oxidation 1
MnO; + C,07 —2cidic | vi32 4 o,
T 1 t 1

Reduction

No additional indicator is used in this titration because KMnQ, acts itself
as an indicator.

KMnO, solution is also used to find the concentration of Fe(ll) ions in a
solution. The redox reaction is given as under.

Iron is a transition metal with a symbol (Fe) and Atomic number 26. It
has two relatively stable oxidation states in its compounds (+2 and +3). it

also forms a variety of complex ions such as [Fe(H,0), J'% [Fe ((H,0)s]*. It

has characteristically coloured compounds e.g. Iron (ll) saits (pale green),
Iron (lll) salts (yellow or brown). Iron is used to catalyse the synthesis of
ammonia through Haber's process.

Iron rarely occurs in free state since it is highly reactive. Its important
ores are red haematite (Fep0;), Brown haematite or limonite
(2Fe0203.3H,0), magnetite FesO4 etc. lron ore is processed for the




following three varieties of lron which differ from each other mainly in their
carbon content i.e. cast iron or pig iron (2-3%), wrought or malleable Iron
(0.1-0.25%) steel (0.25-2%).

143,41 | Oxidation States of ron | ¢

Most common oxidation states of iron are +2 and +3 but it can also
exists in the form of Fe**, Fe®* and Fe®. Fe® is very rare oxidation state
of iron.

Iron in the +2 oxidation state is known as the Ferrous ion. This ion is
pale green in colour and is very easily oxidized to ferric ion. Even fraces of
dissolved oxygen in solution will accomplish this oxidation. Solution of
Ferrous ion is sometimes used as reducing agent. Complexes of the
ferrous ions usually have octahedral geometry, such as;

When ferrocynide added to solution containing Ferric ions, a precipitate
known as prussian blue Fe4 [Fe(CN)gls is formed. This compound is used
in making blueprint and as a bluing agent in laundry.

ron in +3 oxidation state is known as Ferric ion. Most solutions
containing ferric ions are usually yeliow or yellow-brown due to formation
of [Fe(H20)s(OH)J**. '




' |iron as.c atalyst In Haber’s Proce

In the Haber process hydrogen reacts with nitrogen to produce
ammonia. Without catalyst the process would proceed too siowly to be
economically viable.

The reaction takes place according to the following steps:

However breaking open the nitrogen triple bond to form NqH, is very
difficult and resulting compound is highly unstable and is likely to
dissociate almost as scon as it forms. The formation of NzH is highly
endothermic. So the above reactions do not proceed easily without the
use of catalyst.

The hydrogen and Nitrogen are adsorbed on metallic iron surface. The
hydrogen almost immediately splits into its ccmponent atoms by sharing
or exchange of electrons with the catalyst surface

The nitrogen molecules split into therr component atoms and they lock
into the surfact: of the iron catalyst. This is the slowest step and so limits
the rate of the entire process

The hydrogen atoms migrate across the surface of the catalyst and
react with nitrogen and produce ammonia molecules that are still bound to

the surface.




The reaction between persulphate ions (peroxodisulp hate ions), S20s,

and iodide ions in solution can be catalysed using eithe iron(11} or iron{llN)
ions.

The overall equation for the reaction is:

{Powaerful




For the sake of argument, we'll take the catalyst to be iron(ll) ions. The

reaction happens in twio stages.

5,082 + 2FB2* —— - 285042 + 2Fe¥

2Fe¥t + 2 ——— = 2FR2+ + |

If you use iron(lll) ions, the second step of these reactions happens first. -

Many hexaaqua complex ions can undergo acid base reaction with water
to produce a solution of pH less than seven. These are not redox reaction
because during the reaction no change in the oxidation state of central
metal occurs e.g.

In Iron (If) case

Fe*® (Ferric) give a more acidic solution than Fe*? (ferrous) ions.

In case of Alkaline solution OH™ ions remove H3O" ions and equilibrium
shifts more towards forward direction and more H* are lost from the
complex in stages until a precipitate is formed.

In case of Fe (lI) complex the reaction in alkaline medium does not

proceed because it is energetically unfavourabie.
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Ammonia can act both as a base and a ligand. Here it simply acts as a

base, remaving H* from the aqua complex.
In Iron (ll) case

There is an important difference between the behaviour of iron(ll) and
iron(lil) ions.
Iron(ll) ions and carbonate ions

You simply get a precipitate of what you can think of as iron(ll) carbonate.

CO3%aq)
M Tl

| [ Fe(H20)6 12+ "FeCQ3" .

Iron(ill} ions and carbonate ions

The hexa aquairon(lll) ion is sufficiently acidic to react with the weakly
basic carbonate ion.

If you add sodium carbonate solution to a solution of hexa aquairon(lil)
ions, you get exactly the same precipitate as if you added sodium
hydroxide solution or ammonia solution.




This time, it is the carbonate ions which remove hydrbgen ions from the
hexa aqua ion and produce the neutral complex.

Depending on the proportions of carbonate ions to hexa aqua ions, you
will get either hydrogen carbonate ions formed or carbon dioxide gas from
the reaction between the hydrogen ions and carbonate ions. The more
usually quoted equation shows the formation of carbon dioxide.

= wma R S o 1 7 AP N T et e e i e 3 i 5

Apart from the carbon dioxide, there is nothing new in this reaction:

( N

bubbias of CO,

CO3%(ay)
 —

\_|FeH200 13 {Fa(H20)3(0H)3 ] J

Testing for iron (lil) ions with thiocyanate ions

This provides an extremely sensitive test for iron{ill) ions in solution. If you
add thioéyanate ions, SCN, (from, say, sodium or potassium or
ammdnium thiocyanate solution) to a solution containing iron(lli) ions, you
get an intense blood red solution containing the ion [Fe(SCN)H:0)s]%".

s R

SCNiaq) *

solution containing
[Fe(H20)g** [Fe(SCN) (H20)5]2*) L,

.




Copper, symbol Cu, is brownish-red metallic element that is one of the
most widely used metais. Copper is one of the transition elements of the
periodic table. The atomic number of copper is 29.

Copper was known to prehistoric people and was probably the first metal
from which useful articles were made. Copper objects have been found
among the remains of many ancient civilizations, including those of Egypt,
Asia Minor, China, southeastern Europe, Cyprus (from which the word
copper is derived), and Crete (Kriti). It was known to Native Americans,
however these ores were found by the European explorers. It is also found
in the pure state.

The principle ores of copper are

PN 2 L = w0
) .»’-.:}‘.,_ l.'r-;.'f'jiﬂ

Copper exhibits a variety of oxidation states in its compounds which are

mostly coloured. The two principal oxidation states of copper are +1 and
+2. Copper () compounds are expected to be diamagnetic in nature and
are usually colourless: Examples of these compounds are Cu,0O, GuCl,
CuBr etc. In solid compounds copper () is often the more stable state at
moderate temperatureé. The copper (Il) ion is usually more stable in
aqueous solutions. Compounds of this ion are calied cupric compounds




and are usually coloured. Examples are CuQ, CuFs, CuCl,, CuCQO;,
CuS0y etc.

Copper(lll) is most characteristically found in oxides. A simple example is
potassium cuprate, KCuOz, a biue-black solid. The best studied copper(lll)
compounds are the cuprate superconductors. Yttrium barium copper oxide
(YBa:CuzO7) consists of both Cu(ll) and Cu(lll) centres. Like oxide,
fluoride is a highly basic anion and is known to stabilize metal ions in high
oxidation states. Indeed, both copper(lll) and even copper(lV) fluondes
are known, K3CuFg and Cs,CuFg, respectively.

The simplest ion formed by copper in a solution is the typical blue Hexaaqua
copper (ll) ion. This comple;( ion performs the following reactions.

) Reaction with Hydroxide ions:
Hydroxide ions (from NaOH solution) remove H* ions from water

ligands attached to the copper ion. It results in neutral complex
which is insoluble in water and precipitation occurs. The chemical

reaction is

[Cu(H,0), ] +20H

blue(so /

|":“ q."._';‘__‘_{'.'*" |I | ‘I -I HOT h‘
When a small amount of ammonia is added to solution of hexaaqua
copper (I1) ions, it pulls out the H* ions from the complex ion exactly

like above.



The Hexaaqua copper (ll) ions are not strongly acidic enough to
release CO. from carbonates. In these cases precipitation of metal
carbonate takes place which is represented by the following reaction.
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Transition metals and their compounds when dissolved mostly form coloured
solutions. Different metals are known for their specific colour used as paints such
as cobalt (Il nitrate (red), K2Crz:0; (orange}, KCrO, (yellow), Nickle (Il) Chiloride
(green) KMnQy (purple), while titanium oxide is an.impo_rtant ingredient in white
paint. '




Key Points:

Transition elements are those elements which have partially filled d or-f
orbitals_ either in their atomic state or in any common oxidation state.
The oxidation state of an element is related to the number of electrons that
an atom loses, gains, or appears to. use when joining with another atom in
compounds. il

Those substances which are attracted in magnetic field are called
paramagnetic substances and the phenomenon is known as
paramagnetism. “

Transition metal atoms have similarity in their structure hence they are
able to replace one another in the metallic lattice and form alloys. I
Coordination compounds have definite geometrical shapes because
the bond formed between central metal atom and the ligands are
directional in na_tﬂre. _

lonic and covalent compounds of transition metals are mostly coloured.
All forms of Cr(VI) are powerful oxidizing .agents, and oxidize any CH bonds
on a carbon with an oxygen as far as possible without breaking any carbon-
- carbon bonds ' |

Fe (i) compounds are octahedral in geometry.

Per manganate (V) ions are strong oxidizing agents which oxidize ethane to

ethyl alcohol.
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Exercise

Select the most ap'propriate choice given at the end of each
question?
The Transition metals Copper and............. are best eiectrical
conductors.
(a) lron  (b) Vanadium (c) Chromium (d) Manganese
Transition elements usually exhibit................ valencies.
(a) variable (b) Normal {c) permanent (d) unchangeable
The coordination compound [(Cu(Cls)]2 exists in .................. shape.
(a) tetrahedral (b) octahedral (c)'square planner (d) rhombic
The oxidation state of Chromium in CrOz Clz is.................
@ 2 (b) 3 (o) 4 d) 6
A compound Potassium dichromate is wused in dying

Ands...oivreeniin. industry.

(@) Tanning (b) Cement (c) Paper (d) Glass
Acidified Potassium permanganate acts as an...........c.cceeueeinnnnns
agent.

(@) Oxidizng  (b) reducing (c) bleaching (d) colouring
The paramagnetic nature of a substance depends on:

(a) - The number of electron in the outermost orbit.

(b) The number of electron that are easily ejected.

(c)  The number of unpaired electrons.

(d) The number of lone pair of electrons.

V205 is used as catalyst in the:

il

(a) Manufacture of Ammonia.




9.

10.

11.
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12.

13.

14.

15.

()
(1)

(b)  oxidation of Ammonia to Nitric Acid.
(c) polymetization of ethane to polythene.
(d) Manufacture of Sulphuric Acid

Select element which is not ferromagnetic.

(a) Fe (b) Co (c) Sb (d) Ni
The coordination number of iron in [(Fe(CN)e)]™ is :
" (a) 2 (b) 3 © - 4 d) 6
Select ligand which is bidentate:
(a) H0 (b) NHs (o) Cco (d) Cz042
Cu*?2 salt solution is blue in colour due to transition of electron from:
(a) s to p orbital ~ (b) dtod orbital
(c) p to d orbital (d) p to p orbital

Potassium dichromate acts as a strong:
- (a) Oxidizing agent  (b) Reducing agent
(c) Bleaching agent (d) Dehydrating agent.
When solid potassium chromate, KoCrQ, is dissolved in water it
formsa......... solution.
(a)yellow (bypink (c) red (d} violet
Which ions are used as catalyst in the reaction between persulphate

_ ions and iodide ions?

(a) Lead (b) lron (c) copper (d) chromium.

Short questions

. Answer the following questions:

What is meant by the term “transition elements™?
Write down the electronic configuration of first transition series?

o~
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(IIl) Comment on the electronic conf‘ guration of chromium and copper?
(IV) Explain the catalytic behavior of transition elements?

(V) How coordination compounds are formed by transition elements?
(V1) Write a short note on 4ﬂu-z variable oxidation state.
(vil) What is the oxidation state of Fe in FeCla?
(VIII) What is the oxidation state of chromium in [Cr(HZO)B]

Long questions

What are the general characteristics of transition elements?

Explain the nomenclature of coordination compounds?

Explain the role of iron and Vanadium as catalysts?

Discuss Chromium and Manganese compounds as oxidizing agents.

What are complex ions? Explain their shape and colours? '

Give Reasons.
i) Feis a catalyst in Haber process while not in the preparatlon of

sulphuric acid. -

i) Why Iron has variable valancies.

iiij The oxidation state of neutral compound is zero?

iv) Existence of paramagnetism and ferromagnetism.




