ADVANCED H GER 1 Bondi ng

BONDING

Al'l bonds between atons are the result of the pairing of unpaired
el ectrons. The negative el ectrons on one atomattract the positive
nucl eus of the other. This attractive force (el ectronegativity)

i ncreases across a period (L -> R) and decreases slightly down a
group (T -> B)

The Hydrides

-
Li "H BeH, B,H, CH, NH,  OH,  FH

Ne"H  MT(H), (AIH) SiH, PH, SH, QH

Hydrogen's el ectronegativity is abnormally high because it is such
a small atom The bonding electrons are thus very close to the
nucl eus and therefore nore strongly attracted. Hydrogen's

el ectronegativity is about the same as Carbon's.

When Hydrogen is bonded to an atom of about the sane

el ectronegativity, e.g. Carbon or Silicon, the electron pair is
equal |y shared between the two atons and there is no charge at

either end of the bond. W call this type of bond a non-pol ar

coval ent bond.

el ectrons

nucl eus@ . @ nucl eus
[ ]

Wien Hydrogen is bonded to an atom of higher electronegativity,
e.g. Fluorine, Hydrogen has the lower attraction for electrons and
the electron pair is therefore distorted away from Hydrogen

maki ng this end of the bond slightly positive &+, and towards

Fl uorine making this end of the bond slightly negative &. W call
this type of bond a polar coval ent bond.
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When Hydrogen is bonded to an atom of | ower el ectronegativity,

e.g. Boron, Hydrogen now has the greater attraction for electrons

and the electron pair is therefore distorted towards Hydrogen,

making this end of the bond slightly negative &, and away from

Boron making this end of the bond slightly positive &+ A polar

coval ent bond contai ni ng negative Hydrogen is the result.

el ectrons
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Notice that if Hydrogen is bonded to an atom of very nuch | ower
el ectronegativity, e.g. Lithium the electron pair is pulled
conpletely off Lithiumon to Hydrogen resulting in an

el ectroval ent bond:

el ectrons
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There is therefore an increasing distortion of electrons towards
Hydrogen as we go left, away fromCH, to Li+H.

There is a correspondi ng increasing distortion of electron away
from Hydrogen as we go right, away fromCH, to FH

-

Li"H  BeH, B,H, CH, | N4, Od, FH
+ - 2+, - .

Na" H M (H), (AH) |SH | PH  SH, aH

negative H neutral H positive H
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Physical properties of the hydrides

Physi cal properties depend on bondi ng:
@ Non-pol ar coval ent hydrides e.g. CH,

van der Waal s bonds between the nol ecul es are very weak since
there are no charged atons to attract:

\ weak van der

Waal s bonds

Mel ting points and boiling points are therefore very | ow
e.g. CH, = - 182 oC; BP = - 161 oC

These hydri des are non-conductors of electricity since they
do not contain ions or delocalised el ectrons.

@ Pol ar coval ent hydrides e.g. PH,

van der Waal s bonds between the nol ecules are slightly
stronger since there are charged atons which can attract:

P stronger van der
/ Vaal s bonds
'\ o-
|_|/P‘H
H

Mel ting points and boiling points are correspondi ngly higher:
e.g. PH, = - 132 oC; BP = - 87 oC

These hydri des are al so non-conductors of electricity since
they do not contain ions or delocalised el ectrons.
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@® El ectroval ent hydrides e.g. Li+H

There are no nol ecul es - j ust O\'\(‘ S O\.\j
giant lattices held together g A

O H
@ Li

by the attraction between

Y
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oppositely charged ions.

Mel ting points and boiling \
points are therefore very % T
hi gh. \

o)

e.g. Li+H MP = + 688 OC (deconposes at higher tenperatures)

These hydrides are non-conductors of electricity in the solid
state but do conduct when nolten when the ions are free to
nove.

El ectrolysis of nolten Lithium hydride produces Hydrogen at
the positive el ectrode:

2 H > H, + 2

The Hydride lon

The H ion is both base and reduci ng agent (reducing in the
sense of 'addi ng Hydrogen')

As a base it will react vigorously with the Ht ions in Water:
Li +H + HO ->  Li+OH + H,
As a reducing agent it will convert carbonyl compounds into

al cohols in two stages e.g.
Li +H + H,C=0 -> CHOLi+

CHOLi+ + HO ->  CH,CH +  Li+oH
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The Chlorides

+ -
L a Bed, BO, cd, NG,  od, Fa
+ - 2+, - .
Na C I\/g(Cl )2 A|C|3 S|C|4 PCI3 SC|2

Since Chlorine is so el ectronegative, polarisation of bonds is
towards Chlorine resulting in negative O atons.

When the other atomis towards the left of the periodic table, and
therefore of much | ower el ectronegativity than Chlorine, Chlorine
is able to pull the electrons conpletely off the other atom
formng ions e.g. Li+d -

el ectrons

+ -
nucl eus @ d @ nucl eus
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Note that electrovalent bonding is nore |ikely when | arge netal
atons bond to small non-netal atons. Wien the netal atomis |arge
the outer electrons are far fromthe nucl eus and therefore |ess
strongly held. Wen the non-netal atomis snall the electrons are
added closer to the nucleus and therefore nore strongly held.

e.g. Li+d- has nore el ectroval ent character than Li*l-
Cs+td - has nore el ectroval ent character than Li+d -

When the other atomis towards the right of the periodic table, it
has a greater attraction for electrons. Chlorine is only able to
partially distort the electrons towards itself formng pol ar
covalent chlorides e.g. Bd ,.

el ectrons
o+ |
[ ]

nucl eus . @— nucl eus

There is thus an increasing distortion of electrons towards
Chlorine as we go left away fromFO to Li+d-.

+ -

Li a | Bed, BA , o, NI, o, Fd

+ - -
N o Mm(a), | Aa, sida, PQ . sa,
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Electrovalent Chlorides

These occur when the electronegativity of Chlorine is very nuch
greater than the electronegativity of the elenent it is bonded to.

El ectroval ent chl orides can be nmade by direct conbination of the
el ements e.qg.

I\b. + 02 -> I\Ia.+G_
They do not react with Water --- they sinply dissol ve.

El ectroval ent chl orides have high nelting points and boiling points
and conduct electricity when nolten or in solution.

Goup 1 metal chlorides can have two structures dependant on the size
of the netal ion.

Smal |l netal ions |like Li+ and Nat can only pack 6 O - around
t hensel ves resulting in the ' Sodi umchloride' structure:

¢ ~
o

NS
N

Large netal ions |like Cs+ and NH,* can pack 8 C - around thensel ves
resulting in the 'Caesiumchloride' structure:

N/

VN

d

CI-
I\H+

®)
e

£
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P
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Polar Covalent Chlorides

These occur when the EAP of Chlorine is slightly greater than the
EAP of the element it is bonded to.

They react with Water. The O+ ions in the Water attack the ot
centres | eaving excess Ht ions. Thus acidic solutions are forned e.qg.

d CH

|6+ |
B 3 HO —p B 3 Ha
/ 2 S
a” a Ko oo

Pol ar coval ent chlorides have | ow nelting points and boiling points
and do not conduct electricity.

The Oxides
.+ 2-
(Li"),0 BeO B,O, o, N, O, F,0
+ 2- 2+ _2- .
(Na )20 M O A|203 Si O2 PZO5 SO2 C|20
basi ¢ oxi des anphoteric aci di ¢ oxi des
oxi des

Basic oxides

These occur when the el ectronegativity of Oxygen is very nuch
greater than the electronegativity of the elenent it is bonded to.
These are el ectroval ent oxides. They tend to be oxides of netals.

The strong attractive forces between the ions result in high boiling
points and nelting points (all are solids at roomtenperature). Al
conduct electricity when nol ten.

They react with Water. The H* from Water attacks the - ion formng
O+ so alkaline solutions are fornmed e.qg.

(Nat) ,Ce- o) > 2 NatOH
2

Acidic oxides

These occur when the el ectronegativity of Oxygen is slightly
greater than the electronegativity of the elenment its bonded to.
These are coval ent oxides. They tend to be oxides of non-netals.

The majority are liquids or gases at roomtenperature reflecting the
weak attractive forces between the nol ecules. Melting points and
boiling points are | ow. None conducts electricity in any state.
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They react with Water. O+ from Water attacks the &+ centre | eaving
excess H+ so acidic solutions are forned e.qg.

S0, + H0 > (H),802

The bondi ng in Sul phur dioxide is worthy of note:

Sul phur has SI X electrons in the outer energy |evel.
It uses these electrons to formbonds with Oxygen as foll ows:

TWD (**) are paired with electrons fromO  ,o o

and used to forman S=0O bond O°

o0
TWD (ee) are donated as a pair and used o
to forman SO bond. * o
The two electrons in this bond therefore S * o O°
both come fromS - it is known as a *o o
dative coval ent bond. xX °
TWD (x x) are not used in bonding - they
are called a non-bonded pair. Q\
N. B. Oxygen el ectrons are denoted thus: o S—0

The structure is nore usually represented as:

It is puzzling that both SO bonds are the sane |length - the double
bond shoul d be shorter!

Resonance is believed to occur: a pair of electrons noves backwards
and forwards fromthe double bond into the single bond:

D, e Y

This creates two equi val ent bonds of the sanme | ength better
represented by:

n,
N

S—O

This type of resonance al so occurs in (zone and the carbonate ion:

.
.

N
0== 0 c=o0
C_{

. 2-
Qzone O3 carbonate ion CO3
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Amphoteric oxides

These behave as basic oxides if [Hf] is high e.qg.

Al ,Q, 6 Hf -> 2 Al 3t 3 HO0
and as acidic oxides if [O+F] is high e.g.

A LG Ot ke A(O

N.B. [ X] nmeans 'the concentration of X .

THE SHAPES OF MOLECULES

The shape of a nolecule is determ ned by the repul sive forces
whi ch act between the pairs of electrons. There are two types of
el ectron pairs : bonded and non-bonded e. g.

non- bonded —@(p; non- bonded
bonded I_r \ bonded
\ onde

H

Non-bonded el ectron pairs are attracted by only one nucl eus. They
therefore protrude nore fromthe atomand exert a greater

repul sive force than bonded el ectrons. In general two non-bonded
pairs repel each other nost, a bonded/ non-bonded pair repels |ess
and two bonded pairs repel least of all. The nolecule will assune
a shape which mnimses these repul sions.
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Rul es for determ ning nol ecul ar shape:

First we nmust calculate the nunber of electron pairs in the
val ence state. In the Water nolecule there are 4 electron pairs :
2 bonded and 2 non- bonded.
H,O exanpl e
1. Deduce the nunber of el ectrons contributed by
the central atom This is the nunber in the

outer quantum | evel . 6
2. Each atom bonded to the central atom
contributes 1 electron. 2
3. Add 1 electron for each negative charge on
t he nol ecul e. 0
4. Subtract 1 electron for each positive charge
on the nol ecul e. 0
5.Divide the total by 2 to get the nunber of
pairs of electrons. 8/ 2=4

6. The el ectron pairs mnimse repul sion by adopting
t he shapes shown bel ow :

E L E C T R O N P A | R S
2 3 4 5 6
P 109.5°
O O
120°
li near trigonal t et rahedr al trigonal oct ahedr a
bi pyram da

H,O with 4 electron pairs, therefore adopts a tetrahedra
shape :

H

’6————————-bmwedpmr Repul si ons bet ween non- bonded
a and bonded pairs squeezes the

////Ck\\ . _ two H atons cl oser together
H \ o € non-bonded pair  yaqdycing the bond angle afrom

o* 109.5 0 to 104 ©
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Further examples

1. Bed ,

No. of electron pairs in valence state :

Central atomBe -> 2
Bonded atons 2d -> 2

Tot al 4
=> No.of pairs 2
=> Shape ; l'i near

d——Be——04

2. NH,
No. of electron pairs in valence state :
Central atomN -> 5
Bonded atons 3H -> 3
Tot al 8
=> No.of pairs 4
=> Shape : t et rahedr al
‘ Repul si ons bet ween non- bonded
and bonded pairs squeezes the
/N\ three H atons cl oser together
H 0‘\ H reduci ng the bond angle afrom
H 109.5 0 to 106 ©
3 BF3

No. of electron pairs in valence state :

Central atomB -> 3
Bonded atons 3F -> 3
Tot al 6
=> No.of pairs 3
=> Shape : trigonal
F—B="
S—

F
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4. BH,-
No. of electron pairs in valence state :

=>

Central atomB -> 3
Bonded atons4H -> 4
Negati ve charge -> 1
Tot al 8
No. of pairs 4
Shape : t et r ahedr al

— I

o

~

H \\ H
H
NH, +

of electron pairs in valence state :

Central atomN -> 5

Bonded atons 4H -> 4

Posi tive charge -> -1

Tot al 8

No. of pairs 4

Shape : t et rahedr al
H

.
NS
\HH

H

Sk,

of electron pairs in valence state :

Central atomS -> 6
Bonded atons 4F -> 4
Tot al 10
No. of pairs 5
Shape : trigonal bipyram dal
Two structures are possible :

F )

’ '. | =

S S

| F | F

F F

I Il
Structure | is preferred. Bonded/ non-bonded pair
repul sions are nore severe at 900 than at 1200. In
structure Il there are 3 900 interactions ; in structure

| there are only 2.

Bondi ng
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7. I 3-

No. of electron pairs in valence state

Central atoml -> 7
Bonded atons 21 -> 2
Negati ve charge -> 1
Tot al 10
=> No.of pairs 5
=> Shape : trigonal bipyram da

Two structures are possible :

_l/. :_I/o
= |~
o0 |
I Il
Structure Il is preferred.

Non- bonded/ non- bonded pair repul sions are al so nore
severe at 900 than at 1200. In structure | there are 2
900 interactions ; in structure |l there are none !

8. XeF,

No. of electron pairs in valence state

Central atomXe -> 8
Bonded atons 4F -> 4

Tot al 12
=> No.of pairs 6
=> Shape ; oct ahedr al

Two structures are possible :

| r | -
7 .
F—— Xe —F F—:;QG-——n
| o
) F
| I
Structure | is preferred
In structure Il there is 1 900 non-bonded/ non-bonded

pair interaction. In structure | the non-bonded pairs
are kept as far apart as possible - at 1800 !



