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Guidelines

Refer to the content given below and view the links

These notes will help you to understand the concept and complete the assignment that follows
The assignment is to be done in the chemistry notebook

Please read the science NCERT book before you begin answering

Instructional Aids / Resources
NCERT Link is given below
https://youtu.be/nvAapFc WgE

https://youtu.be/GuTi31ELjNA

https://youtube.com/playlist?list=PLzSTgIXGeoUvoWhQmJEV6-ScGn4tBTz2D

Learning outcomes
Each student will be able to learn about transition element and properties of transition elememt

Sub topic
1. dblock element
2. Physical properties
3. Catalytic activity
4. Atomic size
5. Paramagnetic behaviour etc



https://youtu.be/nvAapFc_WgE
https://youtu.be/GuTi31ELjNA

LESSON DEVELOPMENT
o The d -Block elements:

1. The elements lying in the middle of periodic table belonging to groups 3 to 12 are known as d — block
elements.

2. Their general electronic configuration is where (n — 1) stands for penultimate (last but one) shell.

e Transition element:

1. Atransition element is defined as the one which has incompletely filled d orbitals in its ground state or
in any one of its oxidation states.

2. Zinc, cadmium, mercury are not regarded as transition metals due to completely filled d — orbital.

o The f-Block elements: The elements constituting the f -block are those in which the 4 fand 5 f orbitals
are progressively filled in the latter two long periods.

e Lanthanoids: The 14 elements immediately following lanthanum, i.e., Cerium (58) to Lutetium (71) are
called lanthanoids. They belong to first inner transition series. Lanthanum (57) has similar properties.
Therefore, it is studied along with lanthanoids.

e Actinoids: The 14 elements immediately following actinium (89), with atomic numbers 90 (Thorium) to
103 (Lawrencium) are called actinoids. They belong to second inner transition series. Actinium (89) has
similar properties. Therefore, it is studied along with actinoids.

e Four transition series:

1. 3d-transition series. The transition elements with atomic number 21(Sc) to 30(Zn) and having
incomplete 3d orbitals is called the first transition series.

2. 4d-—transition series. It consists of elements with atomic number 39(Y) to 48 (Cd) and having
incomplete 4d orbitals. It is called second transition series.

3. 5d-—transition series. It consists of elements with atomic number 57(La), 72(Hf) to 80(Hg) having
incomplete 5d orbitals. It is called third transition series.

4. 6d —transition series. It consists of elements with atomic number 89(Ac), 104(Rf) to 112(Uub) having
incomplete 6d orbitals. It is called fourth transition series.

o General Characteristics of transition elements:
a) Metallic character: All transition elements are metallic in nature, i.e. they have strong metallic bonds.
This is because of presence of unpaired electrons. This gives rise to properties like high density, high
enthalpies of atomization, and high melting and boiling points.
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b) Atomic radii: The atomic radii decrease from Sc to Cr because the effective nuclear charge increases.
The atomic size of Fe, Co, Ni is almost same because the attraction due to increase in nuclear charge is
cancelled by the repulsion because of increase in shielding effect. Cu and Zn have bigger size because the
shielding effect increases and electron electron repulsions repulsion increases.
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c) Lanthanoid Contraction: The steady decrease in the atomic and ionic radii of the transition metals as the
atomic number increases. This is because of filling of 4f orbitals before the 5d orbitals. This contraction is
size is quite regular. This is called lanthanoid contraction. It is because of lanthanoid contraction that the
atomic radii of the second row of transition elements are almost similar to those of the third row of
transition elements.

d) lonisation enthalpy: There is slight and irregular variation in ionization energies of transition metals due
to irregular variation of atomic size. The I.E. of 5d transition series is higher than 3d and 4d transition series
because of Lanthanoid Contraction.

e) Oxidation state: Transition metals show variable oxidation states due to tendency of (n-1)d as well as ns
electrons to take part in bond formation.

f) Magnetic properties: Most of transition metals are paramagnetic in nature as a result of which they give
coloured compounds and it is all due to presence of unpaired electrons. It increase s from Sc to Cr and then
decreases because number of unpaired and then decrease because number of unpaired electrons
increases from Sc to Cr and then decreases. They are rarely diamagnetic.

Magnetic moment is which is related to the number of unpaired electrons as follows

uw=.,/nn+2) BM.




g) Catalytic properties: Most of transition metals are used as catalyst because of (i) presence of incomplete
or empty d — orbitals, (ii) large surface area, (iii) varuable oxidation state, (iv) ability to form complexes,
e.g., Fe, Ni, V203, Pt, Mo, Co and used as catalyst.

h) Formation of coloured compounds: They form coloured ions due to presence of incompletely filled d —
orbitals and unpaired electrons, they can undergo d — d transition by absorbing colour from visible region
and radiating complementary colour.

i) Formation of complexes: Transition metals form complexes due to (i) presence of vacant d — orbitals of
suitable energy (ii) smaller size (iii) higher charge on cations.

j) Interstitial compounds: Transition metals have voids or interstitials in which C, H, N, B etc. can fit into
resulting in formation of interstitial compounds. They are non — stoichiometric, i.e., their composition is
not fixed, e.g., steel. They are harder and less malleable and ductile.

k) Alloys formation: They form alloys due to similar ionic size. Metals can replace each other in crystal
lattice, e.g., brass, bronze, steel etc.




ASSIGNMENT

In which of the following pairs, both the ions are coloured in aqueous solutions?
(a) Sc3, Ti
(b) Sc3*, Co?*
(c) Ni?*, Cu*
(d) Ni2, Ti3*
[Atomic no of Sc =21, Ti=22, Ni =28, Co =27, Cu =29]
Which of the following is most stable in aqueous solution?
(a) Mn?*
(b) Cr3*
(C) V3+
(d) Tid*
The electronic configuration of Cu(ll) is 3d® whereas that of Cu(l) is 3d*°. Which of the following is
correct? [NCERT Exemplar]
(a) Cu(ll) is more stable
(b) Cu(ll) is less stable
(c) Cu(l) and Cu(ll) are equally stable
(d) Stability of Cu(l) and Cu(ll) depends on nature of copper salts
4. Transition elements form alloys easily because they have
(a) Same atomic number
(b) Same electronic configuration
(c) Nearly same atomic size
(d) None of the above
Which one of the following characteristics of the transition metals is associated with higher catalytic
activity?
(a) High enthalpy of atomisation
(b) Paramagnetic behaviour
(c) Colour of hydrate ions
(d) Variable oxidation states
6. Which of the following has the maximum number of unpaired electrons?
(a) Mg**
(b) Ti3*
(C) \/3+
(d) Fe?*
In the following questions a statement of assertion followed by a statement of reason is given. Choose
the correct answer out of the following choices.
(a) Both assertion and reason are true, and reason is the correct explanation of the assertion.
(b) Both assertion and reason are true but reason is not the correct explanation of assertion.
(c) Assertion is not true but reason is true.
(d) Both assertion and reason are false.

7. Assertion : Cu?* iodide is not known.
Reason : Cu?* oxidises |- to iodine.

8. When Cu?*ion is treated with KI, a white precipitate is formed. Explain the reaction with the help of
chemical equation.

9. Why E° value for Mn, Ni and Zn are more negative than expected?




10.

11.

12.

13.
14.

15.
16.

Although fluorine is more electronegative than oxygen, but the ability of oxygen to stabilize higher
oxidation states exceeds that of fluorine. Why?

The second and third rows of transition elements resemble each other much more than they resemble
the first row. Explain why?

Mention the type of compounds formed when small atoms like H, C and N get trapped inside the crystal
lattice of transition metals. Also give physical and chemical characteristics of these compounds.

Zn*? salts are white while Cu*? salts are coloured. Why?

Why do transition elements show variable oxidation states? How is the variability in oxidation states of
d-block different from that of the p-block elements?

MnO is basic whereas Mn0y7 is acidic in nature. Why?

Match the properties given in Column | with the metals given in Column II.

Column I Column 11
(Property) . (Metal)

(i) | An element which can show +8 | (a) |Mn
oxidation state

(i1) | 3d block element that can show up to| (b) [Cr
+7 oxidation state

(i11) | 3d block element with highest melting | (¢) | Os
point

(d) |Fe
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Guidelines

e Refer to the content given below and view the links

e These notes will help you to understand the concept and complete the assignment that follows
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Learning outcomes
Students will able to learn about the complexes and various theories
Sub topics ;
e Coordination compound
e Difference between double salt and coordination compound
e Werner’s theory
e VBT
o CFT
e Limitation of various theories
e Colour



https://youtube.com/playlist?list=PLzSTglXGeoUs8L9lgkgQUg1yb4piHN30t
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LESSON DEVELOPMENT
Coordination compounds are those addition molecular compounds which retain their identity in solid state
as well as in dissolved state. In these compounds. the central metal atom or ion is linked by ions or

molecules with coordinate bonds. e.g., Potassium ferrocyanide, K4 [Fe(CN)s].

K,[Fe(CN)y] == 4K + [Fe(CN)o]*

Central metal atom

¥ .- Ligand
I’Q[F e(CN)g] «+- Coordination number

Coumterion ! .
Coordinate sphere (entity)

Double Salts

These are the addition molecular compounds which are stable in solid state but dissociate into constituent
ions in the solution. e.g., Mohr’S salt, [FeSO4:(NH4)>SO04 . 6H,0 get dissociated into Fe?*, NH*4 and SO*
4ions.

Terms Related to Coordination Compounds

1. Complex ion or Coordination Entity

It is an electrically charged species in which central metal atom or ion is surrounded by number of ions or

neutral molecules.

(i) Cationic complex entity It is the complex ion which carries positive charge. e.g., [Pt(NHs)4]**

(i) Anionic complex entity It is the complex ion which carries negative charge. e.g., [Fe(CN)g]*

2. Central Atom or lon

The atom or ion to which a fixed number of ions or groups are bound is .ned central atom or ion. It is also
referred as Lewis acid. e.g., in (NiCl2(H20)4]. Ni is central metal atom. It is generally transition element or
inner-transition element.

3. Ligands

Ligands is electron donating species (ions or molecules) bound to the Central atom in the coordination

entity.
These may be charged or neutral. Ligands are of the following types :

(i) Unidentate It is a ligand, which has one donor site, i.e., the ligand bound to a metal ion through a single
donor site. e.g., H,0, NHj3, etc.

(ii) Didentate It is the ligand. which have two donor sites.




o
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(iii) Polydentate It is the ligand, which have several donor sites. e.g., [EDTA]* is hexadentate ligand.
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(iv) Ambidentate ligands These are the monodentate ligands which can ligate through two different sites,
e.g., NO?, SCN-, etc.

(v) Chelating ligands Di or polydentate ligands cause cyclisation around the metal atom which are known
as chelate IS, Such ligands USes two or more donor atoms to bind a single metal ion and are known as
chelating ligands.

More the number of chelate rings, more is the stability of complex.

The stabilisation of coordination compounds due to chelation is known as chelate effect.
1t — acid ligands are those ligands which can form i — bond and n-bond by accepting an appreciable amount

of 1t electron density from metal atom to empty mt or 1t — orbitals.

4, Coordination Number

It is defined as the number of coordinate bonds formed by central metal atom, with the ligands.

e.g., in [PtClg]%, Pt has coordination number 6.

In case of monodentate ligands,

Coordination number = number of ligands

In polydentate ligands.

Coordination number = number of ligands * denticity

5. Coordination Sphere
The central ion and the ligands attached to it are enclosed in square bracket which is known as

coordination sphere. The ionisable group written outside the bracket is known as counter ions.




6. Coordination Polyhedron
The spatial arrangement of the ligands which are directly attached to the central atom or ion, is called

coordination polyhedron around the central atom or ion.

7. Oxidation Number of Central Atom
The charge of the complex if all the ligands are removed along with the electron pairs that are shared with

the central atom, is called oxidation number of central atom.

e.g., [CU(CNa)s., oxidation number of copper is +1, and represented as Cu(l).

Types of Complexes

1. Homoleptic complexes

Complexes in which the metal atom or ion is linked to only one kind of donor atoms, are called homoleptic
complexes e.g., [Co(NH3)e)3*

2. Heteroleptic complexes

Complexes in which the metal atom or ion is linked to more than one kind of donor atoms are called
heteroleptic complexes e.g., [Co(NH3)4Cl2]*

3. Labile and Inert complexes

Complexes in which the ligand substitution is fast are known as labile complexes and in which ligand

substitution is slow, are known as inert complexes.

Effective Atomic Number (EAN)
This concept was proposed by Sidgwick. In a complex, the EAN of metal atom is equal to the total number

of electrons present in it.

EAN =Z - ON of metal +2 * CN

(where, Z = atomic number of metal atom

ON = oxidation number of metal

and CN = coordination number of complex)

An ion with central metal atom having EAN equal to next inert gas will be more stable.

IUPAC Naming of Complex Compounds

Naming is based on set of rules given by IUPAC.
1. Name of the compound is written in two parts (i) name of cation, and (ii) name of anion.

2. The cation is named first in both positively and negatively charged coordination complexes.




3. The dissimilar ligands are named in au alphabetical order before the name of central metal atom or ion.
4. For more then one similar ligands. the prefixes di, tri, tetra, etc are added before its name. If the di, tri,

etc already appear in the complex then bis, tris, tetrakis are used.

5. If the complex part is anion, the name of the central metal ends with suffix ‘ate’.

6. Names of the anionic ligands end in ‘0’, names of positive ligands end with ‘ium’ and names of neutral
ligands remains as such. But exception are there as we use aqua for H,0, ammine for NH3, carbonyl for CO
and nitrosyl for NO.

7. Oxidation state for the metal in cation, anion or neutral coordination compounds is indicated by Roman

numeral in parentheses.

8. The name of the complex part is written as one word.

9. If the complex ion is a cation, the metal is named same as the element.

10. The neutral complex molecule is named similar to that of the complex cation.

Some examples are

(i) [CF(NH3)3(H20)3]C|3

triamminetrichlorochromium (lIl) chloride

(ii) [Co(H2CH2CH2H2)3]2(S04)3

tris (ethane-l,2-diamine) cobalt (lll) sulphate

(iii) [Ag(NHs)2] [Ag(CN)2]

diamminesilver (1) dicyanoargentate(l)

(iv) Ka [Fe(CN)s]

potassium hexacyanoferrate (ll)

Bonding in Coordination Compounds
Werner’s Theory

Metals exhibit two types of valencies in the formation of complexes.

These are primary valencies and secondary valencies.

1. Primary valencies correspond to oxidation number (ON) of the metal and are satisfied by anions. These

are ionisable and non-directional.




2. Secondary valencies correspond to coordination number (CN) of the metal atom and are satisfied by

ligands. These are non-ionisable and directional. Hence, geometry is decided by these valencies.

Valence Bond Theory (VBT)

This theory was proposed by L. Pauling in 1930 s. According to this theory, when a complex is formed, the
metal ion/atom provides empty orbitals to the surrounding ligands. Coordination number shows the
number of such empty orbitals, i.e., number of empty orbitals is equal to the coordination number. These
empty orbitals hybridised

before participation in bonding and the nature of hybridisation depends on the nature of metal and on the

nature of approaching ligand.

Inner orbital complexes or outer orbital complexes

When outer d-orbital are used in bonding, the complexes are called outer orbital complexes. They are
formed due to weak field ligands or high spin ligands and hybridisation is sp3d?. They have octahedral
shape.

When d-orbitals of (n — 1) shell are used, these are known as inner orbital complex, they are formed due to
strong field ligands or low spin ligands and hybridisation is d?sp3. They are also octahedral in shape.

1. 6 - ligands (unidentate), octahedral entity.

(i) Inner orbital complex [Co(NH3)e]3*

Orbitals of Co®* ion
SI4TE T N
3d O 4P
d*sp® bybridised orbitals of Cot'
EEE T3
d e
[Co(NHyg)™

.

six pairs of ‘lreczmm from e
‘;ix Nngmoloculu (d*sp® hybridisation)

All electrons are paired, therefore complex will be diamagnetic in nature.

(i) Outer orbital complex, [CoFg]*
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Complex has unpaired electrons, therefore, it will be paramagnetic in nature.

2. 4-ligands (unidentate) tetrahedral entity.

(a)

Strong field or low spin ligands

(b} |Hybridisation is dsp® (where one orbital of
3d, one orbital of 4s and two orbitals of 4p), | 4s and three orbitals of 4p)

(c) |Square planar shape

ybridisation is sp> (where one orbitang]

Tetrahedral shape

(i) Inner orbital complex, [Ni(CN)4]*
Orbitals of Ni** ion
i1
3d ds 4p
dsp” hybridised orbitals of Ni**
dsp® hybridised
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All electrons are paired so complex will be diamagnetic in nature.

(ii) Outer orbital complex, [CoCla]~

Orbitals of Co®* ion
$i4041111
3d 43 4p
sp” hybridised orbitals of Co™
p” hybridised _
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8d 4s 4p
[CaCls}”
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electrons from 4C1™

Since, complex has unpaired electrons. so it will be paramagnetic in nature.

Limitations of VBT
This theory could not explain the quantisation of the magnetic data, existence of inner orbital and outer

orbital complex, change of magnetic moment with temperature and colour of complexes.

Crystal Field Theory (CFT)
This theory was proposed by H. Bethe and van Vleck. Orgel. in 1952, applied this theory to coordination
compounds. In this theory, ligands are treated as point charges in case of anions and dipoles in case of

neutral molecules.
The five d-orbitals are classified as

(i) Three d-orbitals i.e., dxy, dy; and d.x are oriented in between the coordinate axes and are called tg —
orbitals.

(ii) The other two d-orbitals, i.e., d «* -,? and d ;? oriented along the x —y % axes are called eg — orbitals.
Due to approach of ligands, the five degenerate d-orbitals split. Splitting of d-orbitals depends on the

nature of the crystal field.

[The energy difference between ty; and eg level is designated by A and is called crystal field splitting
energy.]

By using spectroscopic data for a number of coordination compounds, having the same metal ions but
different ligand, the crystal field splitting for each ligand has been calculated. A series in which ligand are

arranged in order of increasing magnitude of crystal field splitting, is called spectrochemical series.




Spectrochemical series

IF'<Br <SCN <Cl"<8* <F <OH"
< C,0% < H0< NCS~ < EDTA* < NHj < en< CN" < CO.

Crystal field splitting in octahedral complexes

In case of octahedral complexes, energy separation is denoted by A, (where subscript 0 is for octahedral).
In octahedral complexes, the six-ligands approach the central metal ion along the axis of d x> -,? and

d ;2 orbitals.

Energy of e set of orbitals > energy of t,g set of orbitals.

The energy of eg orbitals will increase by (3/5) Ao and toz will decrease by (2/5) Ao.

If Ao < P, the fourth electron enters one of the eg orbitals giving the configuration t3,4 els. Ligands for which
Ao < P are known as weak field ligands and form high spin complexes.

If Ao > P, it becomes more energetically favourable for the fourth electron to occupy a tzg orbital with
configuration t*,; €%. (where, P = energy required for e pairing in an orbital). Ligands which produce this
effect are known as strong field ligands and form low spin complexes.

Energy O 2, 02
A R e s

’,"Average energy“\\ T 2 1
Metal " of the d-orbitals in "~ 5%
d-orbitals .~ spherical crystal field . 1 l

ded . 2. 02,0y, Oyz, dyy Oy . Oxz, dyz
Splittng of d-orbitals
in octahedral crystal field

Crystal field splitting in tetrahedral complexes
In tetrahedral complexes, four ligands may be imagined to occupy the alternate comers of the cube and

the metal ion at the center of the cube.

Energy of tyg set of orbitals > Energy of eg set of orbitals.
In such complexes d — orbital splitting is inverted and is smaller as compared to the octahedral field

splitting.

Orbital splitting energies are so low that pairing of electrons are not possible so these are high spin

complexes.




Colour in Coordination Compounds
The crystal field theory attributes the colour of the coordination compounds to dod transition of the
electron, i.e., electron jump from tyg level to higher eg level.

In the absence of ligands, crystal field splitting does not occur and hence the substance is colourless.

[Ti(H,0}s]** — Vielet in colour
[Cu(H,0),]*" — Blue in colour, etc.

Limitations of CFT

1. It does not consider the formation of 7t bonding in complexes.

2. It is also unable to account satisfactorily for the relative strengths of ligands e.g., it does not explain why
H,O is stronger ligand than OH".

3. It gives no account of the partly covalent nature of metal-metal bonds.

Stability of Coordination Compounds

The stability of complex in solution refers to the degree of association between the two species involved in

the state of equilibrium. It is expressed as stability constant (K).

e.g., M*+nlF = ML) K = (ML, )]
M) ()"

The factors on which stability of the complex depends :

(i) Charge on the central metal atom As the magnitude of charge on metal atom increases, stability of the
complex increases.

(ii) Nature of metal ion The stability order is 3d < 4d < 5d series.

(iii) Basic nature of ligands Strong field ligands form stable complex.

The instability constant or the dissociation constant of compounds is defined as the reciprocal of the

formation or stability Constant.




Importance and Applications of Coordination Compounds

1. They are used in many qualitative and quantitative analysis.

2. Hardness of water is estimated by simple titration with Na; EDTA.

3. Purification of metals can be achieved through formation and subsequent decomposition of their
coordination compounds.

4. They have great importance in biological systems.

5. They are used as catalyst for many industrial processes.

6. In medicinal chemistry, there is a growing interest of chelating therapy.




ASSIGNMENT

Why are tetrahedral complexes high spin?

State a reason for each of the following situations:

(i) Co2+ is easily oxidised to Co3+ in presence of a strong ligand.

(ii) CO is a stronger complexing reagent than NHs.

(iii) The molecular shape of Ni(CO)4 is not the same as that of [Ni(CN)4]2_.

Give the formula of each of the following coordination entities:

(i) Co3 +ion is bound to one Cl-, one NH3 molecule and two bidentate ethylene diamine (en)
molecules.

(ii) Ni2+ ion is bound to two water molecules and two oxalate ions.

Write the name and magnetic behaviour of each of the above coordination entities. (At. nos. Co = 27,
Ni = 28)

For the complex [Fe(en).Cl;]Cl, identify the following:

(i) Oxidation number of iron.

(ii) Hybrid orbitals and shape of the complex.

(iii) Magnetic behaviour of the complex.

(iv) Number of its geometrical isomers.

(v) Whether there may be optical isomer also.

(vi) Name of the complex.

Explain the following terms giving a suitable example in each case:

(i) Ambidentate ligand

(i) Denticity of a ligand

(iii) Crystal field splitting in an octahedral field.

Name the following coordination compounds according to IUPAC system of nomenclature.
(i) [CO(NH3), (H20) Cl] Cl2

(ii) [Cr Cl2(en);] Cl, (en = ethane-1,2-diamine)

The oxidation state of iron in K4 [Fe (CN)¢] is

1

2

3

4

When 1 mol CrCl3-6H,0 is treated with excess of AgNQOs3, 3 mol of AgCl are obtained. The formula of
the complex is :

(i) [CrClI5(H20)s3]-3H20

(i) [CrCl2(H20)4]CI-2H20

(i) [CrCI(H20)s]Cl2-H20

(iv) [Cr(H20)6]Cl3

The correct IUPAC name of [Pt(NH3).Cl;] is

(i) Diamminedichloridoplatinum (II)

(ii) Diamminedichloridoplatinum (1V)
(iii) Diamminedichloridoplatinum (0)

(iv) Dichloridodiammineplatinum (IV)

. The stabilisation of coordination compounds due to chelation is called the chelate effect. Which of

the following is the most stable complex species?
(i) [Fe(CO)s]

(ii) [Fe(CN)e]?"

(i) [Fe(C204)3]*"




= (iv) [Fe(H20)¢)?*
In the following questions two or more options may be correct.

11. Atomic number of Mn, Fe and Co are 25, 26 and 27 respectively. Which of the following inner orbital
octahedral complex ions are diamagnetic?

(i) [Co(NH3)e]**
(ii) [IMn(CN)e]*
(iiii) [Fe(CN)e]*
(iv) [Fe(CN)e]*
12. Which of the following options are correct for [Fe(CN) 6 ] complex?
= (i) d? sp? hybridisation
= (i) sp3d? hybridisation
= (iii) paramagnetic

= (iv) diamagnetic

13. which of the following complexes are homoleptic?
» (i) [Co(NH3)e]**

= (ii) [Co(NH3)4Cl2]*

= (iii) [Ni(CN)4]*

= (iv) [Ni(NH3)4Cl3]
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Group 15

Physical properties

Chemical properties
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https://youtu.be/DA_NI5i7YvY
https://youtu.be/uGR1ddwwR4c

LESSON DEVEOPMENT

What are Group 15 Elements?

Group 15 elements are also called Nitrogen family includes nitrogen phosphorus, arsenic, antimony and
bismuth elements. The p-block elements are also known as the Representative Elements which is placed
on the right side of the main periodic table.

The modern periodic table as conceived by Dimitri Mendeleev arranges all the elements known to man on
the basis of its atomic number, which is unique to every element. The results of such an arrangement were
the periodic table. The elements with similar properties were arranged into a column called a group.

Periodic Trends in Group 15 Elements

So in Group 15 elements as you would move down a group, starting with the lightest element and finishing
with the heavy ones; you’d notice a general flow in properties as you move down the order. For eg,
Nitrogen is a gas and non-metal but as you move down the group, we encounter metalloids and then at
the bottom, metal i.e. Bismuth. These trends in the periodic table help us better understand the behaviour
of atoms and also helps us predict new elements.

Property Nitrogen Phosphorus Arsenic Antimony Bismuth
Atomic symbol N P As Sb Bi
Atomic number 7 15 33 51 83

Atomic mass

14.01 30.97 74.92 121.76 209.98
(amu)

Valence electron

configuration [He]2s? 2p3 [Ne]3s? 3p3 [Ar]3d'° 4s24p3 [Kr]4d1 5s25p3 [Xe]4f'* 5d1%s%6p3

Melting point -210 44.15 817 631 271
Boiling point (°C) -196 281 603(sublimes) 1587 1564
Densi

ensity (g/em3)at 4 150) 1.8 5.7 6.68 9.79
25°C
Atomic radius 56 98 114 133 143
(pm)
First lonization 1402 1012 947 834 703
energy (kJ/mol)
Common -3to+5 45, +3, -3 +5, +3 +5, +3 +3

Oxidation state(s)
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lonic radius (pm) 146(-3) 212(-3) 58(+3) 76(+3) 103(+3)

Electronegativity 3.0 2.2 2.2 2.1 1.9

Some of the trends in the modern periodic table with respect to group 15 elements of the p-Block
elements are discussed below.

1. Electronic Configuration

e The valence shell electronic configuration plays a major role in how an element behaves.
The valence electron shell configuration of group 15 elements is ns?np>.

e All the group 15 elements have the same arrangement and this is why they’re similar.

e The s-orbital in this group is completely filled and the p-orbitals are half filled and this makes their
configuration extra stable.

2. Atomic and lonic Radii

o If you see the electronic configuration of elements in the table above, you will notice that with
every step you move downwards, new orbitals are added to the atom.

¢ This addition of new orbitals increases both the Atomic and the lonic radii of group 15 elements.
¢ However, we see that from Arsenic to Bismuth only a small increase in ionic radius is observed.

e This is due to the presence of completely filled d and/or f orbitals in heavier members.

3. lonization Enthalpy

¢ lonization Energy is the amount of energy required to remove an electron from the outermost orbit
of the atom.

e This is basically a measure of how hard the nucleus is holding on to the electron.
e The closer the electron is to the nucleus the stronger its hold and thus the energy required is more.

¢ As we move down the group, the radius of the atom increases and therefore the lonization
energy decreases due to the weaker hold of the nucleus.

4. Electronegativity

¢ The electronegativity value decreases down the group with increasing atomic size.

e This again is due to the increasing distance between the nucleus and the valence shell as we move
down the group.

5. Physical Properties

e All the elements of the group exist in a polyatomic state.

e The first, Nitrogen is gas but as you move down there is a significant increase in the metallic
character of the elements.

e Nitrogen and Phosphorus are non-metals, Arsenic and Antimony are metalloids and Bismuth is a
metal.

e These changes can be attributed to the decrease in lonization enthalpy and increase in atomic size.

e Boiling points also, in general, show an increasing trend as you move down.
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o Except for Nitrogen, all the other elements have allotropes.
6. Chemical Properties

e The valence shells of the p-Block elements have a configuration of ns? np3.

e Sothe elements here can either lose 5 electrons or gain 3.
¢ The common oxidation states of these elements are -3, +3 and +5.

o With a decrease in the lonization enthalpy and electronegativity, due to the increasing atomic
radius, the tendency to gain three electrons to create a -3 oxidation state decreases down the
group.

e Infact, Bismuth hardly forms any compounds with -3 oxidation state.

¢ As we go down, the stability of the +5 state decreases and that of +3 increases due to inert pair
effect.
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ASSIGNMENT

1. Why is Bi(v) a stronger oxidant than Sb(v)? (Delhi 2009)

2. Why does NO; dimerise? (Delhi 2010

3. What is the oxidation number of phosphorus in H3PO, molecule? (Delhi
2010)

4. Nitrogen is relatively inert as compared to phosphorus. Why? (All India
2010)

5. Which one of PCl+4 and PCl-4 is not likely to exist and why? (Delhi
2012)

6. Though nitrogen exhibits +5 oxidation state, it does not form
pentahalide. Why? (Comptt. Delhi 2012)

7. Why does PCI; fume in moisture? (Comptt. Delhi 2012)

8. What is the covalency of nitrogen in N>Os? (Delhi 2013)

9. Why does NHj3 act as a Lewis base?

10.Pb(NOs3), on heating gives a brown gas which undergoes dimerization
on cooling. Identify the gas. (All India 2016)

11.State reasons for each of the following :
(i) All the P-Cl bonds in PCls molecule are not equivalent.

12.Explain the following facts giving appropriate reason in each case :
(i) NF3 is an exothermic compound whereas NCls is not.

13.What happens when
(i) PCls is heated? (ii) HsPOs is heated? Write the reactions involved.
(Delhi 2013)

14.Account for the following:
(i) Bond angle is NH+4 is higher than that in NHs.

15.Give reasons for the following:
(i) Where R is an alkyl group, R3P = O exists but RsN = O does not.
(i) PbCl, is more covalent than PbCl,.
(iif) At room temperature, N, is much less reactive. (All India 2013)
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