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Coordinate Covalent Bond

The coordinate covalent bond is a specia type of covalent bond in which shared pair of electrons
between two atoms s contributed by one of the atoms only.

The atom which contributes the electron pair for sharing is called electron pair donor and the atom that
accepts the electron pair for sharing is referred to as electron pair acceptor. The coordinate bond is
shown by an arrow, pointing from donor atom to acceptor atom.

An atom to act as adonor must have atleast one lone pair in its valence shell.
Eg. ; NH3 Ho O:SH
onelonepair twolonepairs onelone pair

An atom to act as an acceptor must have an empty orbital to accommodate the accepted lone pair of
electrons.

Eg. [|H* [1 BF3 []1 AlCI3
Empty orbital  empty orbital empty orbital

Compounds containing unshared pair of electrons readily form dative covalent bonds. For example,
when ammoniais mixed with gaseous hydrogen chloride, white clouds of ammonium chloride are
formed.

i) Thereaction involves the formation of a dative bond between N atom in NH3 containing lone pair
and H* ion from HCI.

/Jnshared pair N
[ X J w
H : : + D H+ L u H—N —»H
) |
H hydrogen H

on ammonium ion

i) A similar reaction occursand hydronium ion isformed when hydrogen chloride dissolvesin
water
nshared pair

Ho0d + Op —= H—o—n
hydrogen H

H
lon hydronium ion

Note; once a dative bond isformed, it isindistinguishable from a covalent bond. The only difference
between the two is mode of formation.

iii.)A dative bond is formed between ammonia and boron trifluoride because N in NH3 has lone pair of

electrons while boron in BF3 has only six electronsin the valence shell. sp3 hybrid orbital of N having a
lone pair overlaps the vacant p- orbital of boron.

www.sakshieducation.com



www.sakshieducation.com
HaN: + OBF3 — HyN—BF;
electron electron ammoniaboron

pair donor pair acceptor  trifluoride

Some other examplesfor Co-ordinate covalent bond

i co (C: O)
N }
ii. HNO3 H-O-N=0
2+
i, [CU(NHo).
iv. [AQ(CN)Z)T
v. 13 [I-11]
5
~
vi. 03 O o
S
N
vii. SO O @
)
g
RN
viii. SO3 O ¢

6: Durind dative bond formation both shape and hybridisation of Acceptor molecule changesbut in case of
donor molecule only shape changes. molecule only shape changes.

7: All donors' acts as Lewis bases and acceptors act as Lewis acids.

8. Inahydrated cation, the bond between water molecule and cation is dative bond. Every water molecule
involvesin one dative bond only.

Example:
+++

i [AI (HZO)GJ ion contains 6 dative bonds.

ii. [Be(HZO)‘J ion contains 4 dative bonds.
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9. Thebond between ligand and metal atom (or) metal ion in complex compoundsis dative bond.

10.

11

12.

13.

Example:

i [Cu ( NH3)4J 0, contains 4 dative bonds.

ii. [N' ( HZO)Gszcontains 6 dative bonds.
Thetotal number of covalent bonds and dative bonds made by an atom is known asits covalency
Ex:

|.Covaency of Nitrogenin NO; ionisa4.
li.Covalency of sulphur inSO! ionis6.

lii.Covaency of Oxygen ints0 ionis3,

All complex compounds (except Metal carbonyls), Ammonium salts, Alkali metal isocyanides etc
contain lonic, Covalent and Dative bonds.

Complexes like CuSO4.5H20,MgS0O4.7H20 contain lonic, Covalent ,Hydrogen bond and Dative
bonds

The properties of coordinate compounds are intermediate between the properties of ionic and covalent
compounds.

a. Coordinate compounds exist as gases, liquids and solids under ordinary conditions.

b. The melting and boiling points of coordinate compounds are higher than those of covalent and lower
than those of ionic substances.

c. They areless soluble in polar solvents like water, but readily soluble in non polar solvents like
benzene and carbon tetra chloride.

d. They are as stable as covalent compounds.

e. Like covalent compounds, coordinate compounds are poor conductors of electricity. They undergo
molecular reactions which are slow.

f. The dative bond is a strong bond with directional nature.
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MOLECULAR ORBITAL THEORY (proposed by Hund-Mulliken)

According to this theory the atomic orbitals combine to form the molecular orbitals.

The number of molecular orbitals formed is equal to the number of atomic orbitals involved and they
belong to the molecule.

The molecular orbitals are formed by LCAO method (linear combination of atomic orbitals) i.e. by
addition or subtraction of wave functions of individual atoms thus

¥,o=¥,+¥,

Y, =¥Y,+¥,

¥» = bonding molecular orbital

Yo = Anti bonding molecular orbital

The order of energies of molecular orbitals is bonding orbitals < Non-bonding orbitals < Anti-bonding
orbitals.

. Molecular orbitals with lower energy than atomic orbitals are bonding molecular orbitals and those with
higher energy is anti-bonding molecular orbital and which are not involved in bonding are called non-
bonding orbitals.

. Molecular orbital of lower energy is known as bonding molecular orbital and of higher energy is known
as antibonding molecular orbital.

. Aufbau rule, Pauli’s exclusion principle and Hund' s rule are applicable to molecular orbitals, during the
filling of electrons

. Their shape is governed by the shape of atomic orbitals.
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g DDAk, T 0, (bonding)
Q- At , @) O crc (anti bonding)
b OO+ &GO
@@@%M

D - T imaim,
@@@@ a, (anti bonding)

8 -&ddmon -—o— 7, (bonding) P-orbital

A
8 m —=s o = (anti bondmg)p_o hital

TT. . P T,
2and * %Py hasonenodal plane, whereas 2P and " 2™ hastwo nodal planes.

. . T
For most of the molecules or ions, O2p, has higher energy than %0 and * 2Py because the
difference between the 2s and 2p atomic energy levelsis small and asaresult ¢ 2Sand 0 2P are so
close that the electrons present in them repel and raise the energy of ¢ 2P above 7Z molecular
orbitals

The increasing order of relative energies of M.O having less than or equal to 14 electrons.

ols< o 1s<02s< 0 2s<72p, =r2py<o2p,
<7 2p,=7 2p, <0 2p,

for more than 14 electrons__

0ls<0'1s<02s< 0 25<02p, <72p,=7m2py<
m'2p,=m'2p,<0 2p,

If Np isthe number of electrons occupying bonding orbitalsand N4 the number of antibonding
orbitals, then

(i) Themoleculeis stableif Np isgrater than Ng
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(i) The moleculeis unstableif Ny islessthan Ng.

The electronic configuration and the bond order in case of simple diatomic molecules can be
obtained by filling the molecular orbitals by applying Aufbau principle and Hunds rule etc.

BOND ORDER: Therelative stability of a molecule can be determined on the basis of bond order. It
is defined as the number of covalent bondsin amolecule. It isequal to one half of the difference
between the number of electrons in the bonding and antibonding molecular orbitals.

B .0 = 1/2[Number of bonding electrons - Number of antibonding electrons]

Thebond ordersof 1, 2 or 3 correspond to single, double or triple bond. But bond order may
be fractional in some cases.

The magnetic properties of molecules can also be ascertained

E.gl: Hydrogen molecule (H2)-

Total number of electrons = 2, filling in molecular orbitals we have Ty <03
Bond order = %42-0]=1

Hencethereisasingle bond between two hydrogen atoms and due to absence of unpaired
electronsit is diamagnetic

E.g. 2: Helium molecule[ He2] —

2 *2
Thetotal number of electrons =4 and filling in molecular orbitalswe have s <

Bond order =1/2[2-2] =0, molecule can not exist

E.g. 3: Nitrogen molecule [No] -

Thetotal number of electrons=14 and filling in molecular orbitals we have

2 *2 2 *2 2 2
O-ls O-ls 0-2 s 0-2 S 7[2 Pz 0-2 Px
3oy

Bond order = 4 10-4] =3, It isdiamagnetic
E.g4; Oxygen molecule[O97] -

Total number of electrons =16 and electronic configuration is

2 *2 2 2 2 2 1 *
O35 O15 Oy Oy Oy {ﬁzpz}{”zpz} Opx
”22Py ”2%’y
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Bond order =1/2[10-6]=2

As shown by electronic configuration the molecule containstwo unpaired electrons, henceit is

paramagnetic in nature

E.g5: [O2t] ion: itselectronic configuration is

2 *2 2 *2 2 2 *1 *
O-ls O-ls O-ZS 0-23 O-ZPX {HZPZ}{ 7[2PZ} O-ZPX
Topy ) | opy

Bond order=1/2[10-5]=2.5 it isparamagnetic.
Relative order of stabilitiesof is

N,>N; >N, >NZ.

Asbond length isinversely proportiona to bond order, bond lengths will be in the order

N2 >N, =N; >N,.

The bond lengths of O2 and ionsarein the order

0 >0,>0,>0;.

The dissociation energy of O molecule and itsionsarein the order:
| soelectr onic species have the same shape and same bond order.

E.g. Both CO and NO* have bond order 3.
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O; >0,>0; >07.
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