~_INTRODUCTION TO BONDING

that although it is possible to build up molecules in this way in 0
understand their electronic structures, it does not follow that the aton
react together directly. In this case, carbon and chlorine do not
directly, and tetrachloromethane is made by indirect reactions.

- A molecule of ammonia NH; is made up of one nitrogen and
‘hydrogen atoms:

N-+3H:]->H:N:H

H

The nitrogen atom is three electrons short of a noble gas structure, and th
hydrogen atoms are one electron short of a noble gas structure. Nit
forms three bonds, and the hydrogen atoms one bond each, so all
atoms attain a stable configuration. One pair of electrons on the N ai
not involved in bond formation, and this is called a lone pair of elec
Other examples of covalent bonds include water (with two co

b nds and two lone pairs of electrons), and hydrogen fluoride
éb\}alent bond and three lone pairs):

.

nber of an element in a covalent compound is calc!
red electrons to the more electronegative elemen
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possible to have an electron pair bond wh‘qre both elsgt
one atom and none from the other. Such bon ;are

are formed and once formed they a:e; |dent|cahto nom}gl
bonds.

Even though the ammonia molecule has aqs!ablq,i'.leesron gonfig
it can react with a hydrogen ion H* by donating a share in the lo
electrons, forming the ammonium ion NHJ

H £ NS4 [HP LS T SN Y

H g
e
Covalent bonds are usually shown as stranght Imélq iglm
and coordinate bonds as arrows indicating which atom i
electrons. Similarly ammonia may donate its lone pair to b !
and by this means the boron atom attamsa shar ﬁllmﬁghﬁea r
4 Y lf)

H» Feisbn ekl
¢ B st b danepod s 5
H : N + B F — H-—N-)«B‘—-: "'

m-lmﬂ: ?t ;
1F :

il simiiaz wa'y“' mo]ecule qt M&F%@i '
accepting a share in a lone. pair 5’?!'!\? 15«“}99‘&5 <yl

s b lJ'("‘W"‘"};'

by ta1t 2t o e

g ﬂblsd 1yt onf lu
nmuniin-w: 'uﬂ 4



L

= C S S SR
INTRODUCTION TO BONDING
.___——\_%____‘_\_%__‘\

—_—
H ] H H
(B C=C Ethene molecule
% 2 / \ (double bond)
H H H H

51 {ednlieRig s H—C=c_y Ethyne molecule

(triple bond)

Merallic bonds and metallic structures

Metals are made up of positive iong p

acked together. usually in one of th
three following arrangements:

1. Cubic cl()sc—puckcd (also called face-ce
2. Hexagonal close-packed.
3. Body-centred cubic.

ntred cubic).

Negatively charged electrons hold the ions together. The number o
positive and negative charges are exactly balanced, ag the electron
originated from the heutral metal atoms. The outstanding feature of metal:
is their extremely high electrical Conduclivizy and thermal conductivity.
both of which are because of the mobility of these electrons through the
lattice.

The arrangements of atoms in the three common metallic structures are
shown in Figure 2.2. Two of these arrangements (cubjc close-packed and
hexagonal close-packed) are based on the closest packing of spheres. The
metal ions are assumed to be Spherical, and are packed together to fill the
Space most cffcclivel_v, as shown in Figure 2.3 Each sphere touches six
other spheres within this ope layer.

A second layer of spheres js arranged on top of the first layer, the
Protruding parts of the second layer fitting into the hollows in the first laye:r
as shown in Figure 2.4a A sphere in the first layer touches three spheres in
the layer above It, and similarly touches three spheres jn the layer below it ,
Plus six spheres in its own layer, making a total of 12 The coordination
number, or number of atoms or jons in contact with a given atom, is

therefore 12 for a close-packed arrangement. With a close-packed arrange-
ment, the spheres occupy 74% of the total space,

When adding a third layer of Spheres, two diffe
possible, each preserving the close-packed arrangement.

If the first sphere of the third layer is placed in the depression X shown im
Figure 2.da, then this sphere is exactly above 3 sphere in the first layer. It
follows that every sphere in the third layer is exactly above a sphere in the
first layer as shown in Figure 2.2a. If the first layer is represented by A | an_d
the second layer by B, the repeating pattern of close-packed sheets is
ABABAB. . . This structure has hexagonal Symmetry, and it js therefore
said to be hexagonal close-packed,

Alternatively, the first sphere of the third layer may be placed in a

fent arrangements are
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3-fold axis

(b)
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(a)

(b)
Figure 2.3 Possible Ways of packing equal spheres in two dimensijons. (a) Close-
Packed (fills 74% of sPace). (b) Body-centred cubic (fills 68% of space).

{a) Hexagonal
Close-packed.

Figure 2.4 Superimposed |
packed spheres (second |

yer shaded, thirqd layer bold circles). N
ayer, hence this is an ABCABC

ayers of close-packe

d spheres. (a) Two layers of close-

ayer is shaded). (b) Three layers of close-packed spheres

ote that the third layer is not above
-+ . (cubic close-packcd) arrangement.

the first |

en the Tepeating pattern of sheets
is ABCABCARBC. . (Fi i

structure has cubjc symmetry and
1S said to be cubijc close-packed. An alternative name for this structure is
(b) Cubic face-centred cubjc. The difference between hexagonal and cubic close
close-packed. Packing is illustrated in Figure 2.5.
Figure 2.5 Arrangement of 12 Random forms of

close Packing such as ABABC or "ACBACB are

nearest neighbours jp hexagona] Possible, but occur only rarely. Hexagonal ABABARB and cubic ABCABC
d

and cubic close-packe.
arrangements, (Note that the

top
and middle layers are qp,

cked The spheres are Packed in sheets ag shown in Figure 2.3b
ure the bottom :f;cr is The second layer occupies the hollows in this first sheet. The third layer
Totated 60° relative to the

occupies hollows in the second layer, and t
hexagona close-packed.

he third layer is immediately
above the first layer. This form of Packing is |

ess efficient at filling the space
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than closest packing (compare Figures 2.3a and b). In a body-centred cubic
structure - the spheres occupy 68% of the total space and have a co-
ordination number of 8, compared with close-packed structures where
74% of the space is occupied and the coordination number is 12. Metallic
structures always have high coordination numbers.

The theories of bonding in metals and alloys are described in Chapter S.

Metallic bonding is found not only in metals and alloys, but also in
several other types of compound:

1. Interstitial borides, carbides, nitrides and hydrides formed by the
transition elements (and by some of the lanthanides too). Some low
oxidation states of transition metal halides also belong to this group,
where the compounds show electrical conductivity, and are thought to
contain free electrons in conduction bands.

2. Metal cluster compounds of the transition metals, and cluster com-
pounds of boron, where the covalent bonding is delocalized over several
atoms, and is equivalent to a restricted form of metallic bonding.

3. A group of compounds including the metal carbonyls which contain
a metal-metal bond. The cluster compounds, and the compounds
with metal-metal bonds, may help to explain the role of metals as
catalysts.

Melting points

Ionic compounds are typically solids and usually have high melting and
boiling points. In contrast covalent compounds are typically gases, liquids
or low melting solids. These differences occur because of differences in
bonding and structure.

Ionic compounds are made up of positive and negative ions arranged in a
regular way in a lattice. The attraction between ions is electrostatic, and is
non-directional, extending equally in all directions. Melting the compound
involves breaking the lattice. This requires considerable energy, and so the
melting point and boiling point are usually high, and the compounds are
very hard.

Compounds with covalent bonds are usually made up of discrete
molecules. The bonds are directional, and strong covalent bonding forces
hold the atoms together to make a molecule. In the solid, molecules are
held together by weak van der Waals forces. To melt or boil the compound
we only need supply the small amount of energy needed to break the van
der Waals forces. Herice covalently bonded compounds are often gases,
liquids or soft solids with low melting points.

In a few cases such as diamond, or silica SiO,, the structures are covalent
giant lattices instead of discrete molecules. In these cases there is a three-
dimensional lattice, with strong covalent bonds in all directions. It requires
a large amount of energy to break this lattice, and so diamond, silica and
other materials with giant three-dimensional lattices are very hard and
have high melting points.
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Conductivity

lonic compounds conduct electricity when he compound is melled,
in solution. Conduction js achieved by the ions migrating towards |
electrodes under the influence of an electric potential. If an electric curire
is passed through a solution of sodium chloride. Na* ions are attractead
the negatively charged clectrode (cathode), where they gain an electr
and form sodium atoms. The CI~ jons arc attracted to the positi
clectrode (anode), where they lose an electron and become chlori
atoms. This process js called electrolysis. The changes amount 1o 1
transfer of electrons from cathode o anode, but conduction occurs by ¢

tonic mechanism involving the migration of poh positive and negative i
in opposite directions.

In the solid state, the ions are trapped in fixe
lattice, and a5 they cannot migrate, they cannot conduct electricity in IJ]
way. Itis, however. WIong to say that ionic solids do not conduct electricil
without qualifying the statement. The crysta may conduct electricity to
very small exten; by semiconduction if the crystal contains some defect:
Suppose that a lattice site s unoccupied, and there js 4 ‘hole’ where anio
IS missi migrate from jts lattice site to the vacant site, ans
in so doing it makes g ‘hole’ somewhere else. The new ‘hole’ is filled b
another ion, and so On, 50 eventually the hole migrates across the crystal

arge is carried in the other direction, Plainly the amount of curren
carried by this mechanism is extremely small, byt semiconductors are o
great importance in modern electronijc devices.

Metals conduct electricity better than any other material, but the
€ movement of elect I

d places in the cryst

ionic ‘compounds are usually soluble in polar
solvents. These are solvents of high dielectric constant such as wat

compounds are pot normally soluble in these

Ve at all they are soluble in non-polar (organic)
solvents of low dielectric constant,

such as benzene ang tetrachlorg-
methane. The general ruje j i
SO ionic compounds us
compounds usually disso

Speed of reactions

Ionic compounds usually react very rapidly,

whilst covalent compounds
usually react slowly. For ionic reactions to oc

cur, the reacting species are:
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ions. and as these already exist, they have only to collide with the
type of-ion. For example, when testing a solution for .thqti’d@i ]
adding silver nitrate solution), precipitation of AgCl is very rapid.

¥ ‘
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Reactions of covalent compounds usually involve breaking a bond an {
then substituting or adding another group. Energy is required to break the
bond. This is called the activation energy, and it often makes reactions
slow. Collisions between the reactant molecules will only cause reaction if
they have enough energy. For example, reduction of preparative amounts
of nitrobenzene to aniline takes several hours. Similarly the reaction of Hy
and Cl, is typically slow except in direct sunlight when the mixture may
explode! ‘

CeHsNQO, + 6["“ — Ce¢HsNH, + 2H,0

Hz = ZH * :1'3(‘
Cl, — 2Cl ; g_»g
H + CI — HCI

is made up of two identical atoms, both atoms have lhe same elée ro
negatlvny. and so have an equal tendency to gain electrons‘ (Se ' g

called a non-polar covalent bond.
More commonly molecules are formed between differes
and the electronegativity of the two atoms differs. Consider fo
the molecules CIF and HF. Fluorine is the most electronegative
it attracts electrons more strongly than any other elem ]
bonded. The bonding electrons spend more time round th
the other atom, so the F atom has a very small negative
atom (Cl or H) has a small posltwe charge &+ . iia
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