Bonding and Structure

Learning Objectives

At the end of the topic, students should be able to:

a)
b)
c)

d)

Q)

h)
i)

)
k)

describe formation of ionic bonds between metals and non-metals e.g. NaC, MgCl,
describe, using "dot-and-cross" diagrams, the formation of an ionic compound, e.g.M
state that ionic materials contain a giant lattice in which the ions are held by electrost
e.g. NaC/

deduce the formulae of other ionic compounds from diagrams of their lattice structures, |j
binary compounds

relate the physical properties (including electrical property) of ionic compounds to their lattice
structure

describe the formation of covalent bond by the sharing of a pair of electrons in order to gain the
electronic configuration of a noble gas

describe, using ‘dot-and-cross’ diagrams, the formation of covalent bonds between non-metallic
elements, e.g. Hz; O,; H,0; CH4: CO,
describe electronegativity and the formation of polar covalent bond

relate the physical properties (including electrical property) of covalent substances to their structure
and bonding

relate the electrical conductivity of metals to the mobility of the electrons in the structure

compare the structure of simple molecular substances, e.g. methane, iodine, with those of giant
molecular substances, e.g. poly(ethene), sand (silicon dioxide), diamond, graphite in order to

g0 ang Nag)
atic attraction

mited to

~ deduce their properties

1)

m) deduce the physical and chemical properties of substances from their structures a

compare the bonding and structures of diamond and graphite in order to deduce their properties
such as electrical conductivity, lubricating or cutting action

nd bonding and
vice versa

A. lonic Bonding

In order to attain a noble gas configuration, metal atoms tend to lose electrons to non-metal atoms

After the transfer of electrons, the positive ions and negative ions formed as a result are attracted
together by strong electrostatic forces of attraction known as ionic bonds.

R AT Vot
Definition of ionic bonds: L
lonic bonds are SMN() {\ (G i M\\(/ f“’UU] ()&' /\

between ) Mg ly ‘(\'\Wq@%
| \ ’ J

{Ony
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Example: sodium chloride

Sodium (metal) reacts with chlorine (non-metal) to produce a white solid called sodium chloride

Key:
$R electron of C/
Oelectron of Na

Two common misconceptions regarding ionic bonds:

Misconception # 1:

“lonic bond is the transfer of electrons between atoms.”
atumg

This is a misconceptio

no&ecau e the transfer of electrons is the PNQII (“l {VTM}M g fkm A
lonic bonding occurs & Lk V

AV g WGy

Misconception #2:

“Metals and non-metals form only ionic bond.”

This is only a aentrul ‘W\Mé\ and %Y W apply to all compounds made up of a metal

and a non-metal’ . A(,(A, 3
For example, _dluriviwa dalyh0% A a simple molecular substance and not an ionic compound.
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Quick check:

Use ‘dot-and-cross’ diagrams to represent the following ionic compounds. You only need to sh
valence shell electrons. OW the

\
Lithium chloride sLi 17C/ Magnesium sulfide
e == e .4 T j / /
e 9 P
{ i ;
L__b/
= — e
. \1 “ - -6t AL ('?_ &
Keq - e’{qv\)m ﬁ L‘ ¥ k/Q/ I v €\ Ql\ */\, N ,tj “1 3
x - ewttn of (}(/ X Rlethan ¢+ ©
Potassium nitride 10K 7N Lithium oxide sLi 5O
- R '
\\ b) %
%
|
19
) \
L
1 ¥
key. 0= ¢lectng of k x - Utwn gk )
X~ teuyny ot N
Calcium fluoride ,Ca 7F Aluminium oxide 1Al §O
- [ . 3
: '
- )
‘ ? J
L \'*‘/ J
Y - it (g M 0 = Ot et AL
Y - Whwn f N y - 01€chan ,’:, )
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B. Structure of lonic Compound ,
wny
« The ‘dot-and-cross' diagram only shows 9% O A ot the tonic
in NaC/, only one Na* and one C/ - are shown; Ir\”l\hgﬁg. o?mly one Mg*' a?\r;\‘::/znig'at:rsizi::p‘e'
« However, the actual structure consists of a continuousl : ) - )
y repeatin ™ma y
positive and negative ions. B L Mng] Jol L of
o lons are closely packed, arranged in an prderly WAOWA Y anq peld in i it
) fixed posit
ST ULNOTIN forcs U O action Lefudten Opposituy danyed a7
e The structure formed by ionic compounds is known as % Q;\QN LG TINACA W,
« The electrostatic attraction of each ion affects all the other ioan around it. It acts equally in all

directions.

Note: lattice refers to a regular three-dimensional arrangement of atoms, molecules or ions.

B1. Structure of Sodium Chloride
i\)Y“ C i) \'VV\ V‘\AW

«  Sodium chioride hasa 9\ Ony

sodium chloride crystal 4 sodium ions and chloride ions
three-dimensional arrangement of alternate with each other
sodium ions and chloride ions

um chloride, the ratio of sodium ions to chloride ions is | " l

e In the structure of sodi
Each sodium ion is surrounded by o chloride ions.

O
Each chloride ions is surrounded by sodium ions.

o}

, IS
# Hatlon | K&
) @ =Na'lon

¢ # I lon

Arrangement of ionsina sodium chloride crystal
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Quick check:

Compound X is made up of two elements, meta] Y_and non-metaI'Z.. _
X consists of a lattice of positive ions and negative ions. E?ch positive ion is surroundeq by eight
ions and each negative ion is surrounded by four positive ions. nega“ve

Which ions are present in, and what is the formula of, compound X?

ions present formula
A Y+ Z% Y2Z
B Y& Z YZ; \p,)
C zZ Y% ZY
D Y- ZY,

B2. Physical Properties of lonic Compounds

« Table below shows physical properties of some ionic compounds.

. e - Electrical Electrical
Substance | pait (0 | pent () | inwater | contuetuly | condueiviy,
Sodium chloride 801 1413 soluble good does not conduct
Magnesium oxide 2852 3600 soluble good does not conduct |
Potassium bromide 728 1376 soluble good does not conduct
Copper(II) chloride 620 990 o e good does not conduct

Property #1: High melting point

lonic compounds generally have high melting points. For example, NaC/ melts at 801°C.
They generally exist as solids at room temperature and pressure.

Explanation:

* lonic compounds, such as sodium chloride, have _(\ont VI C Frm U

* Large amount of energy is required to_OVWAWWy  the _fivong UtUvaronww
forus ot oY AUWA  of attraction between 0ppOsHR 1Y Marqe ions- |
L ' v

- Quick check:
Based on the data in the table, su

: ggest why magnesium oxide has a much hi i i
sodium chloride, although both s N b

ubstances have giant ionic structures?

* The charges of ma

+ -
gnesium ions and oxide i l
charges of sodiy oxide ions are and

i il S respectively while the
M lons and chloride ions are |+ ~ ang e T o d

e D o
m‘;\the&charges, Move

electrostatic forcem oy I8 reduired to overcome the

firen 1 etween magnesium i ide i
: sodium ions g § M m lons and oxide ions
Chemistry / Bon ding & Structure nd chloride ions.
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Property #2: Conductor of electricity in molten and aqueous state
r of electricity, there must be presence of fru:rv\wnS, (,hfargfd

Note: For a substance to be a conducto

Examples of charged particles: Elettwng, [enJ ‘ Partiuy
« Inthe solid state, ionic compounds Cunng f conduct electricity. Gyueows
fraty,  or  Gee FHuK

« lonic compounds conduct electricity only when in Mol e .
Molten state is a state when a solid substance has ™ttt (at high temperature)
prolvd i vaky .

o Aqueous state is a state when a substance has _ ¢l

Explanation: . I
« lonic compounds, such as sodium chloride, have_%r\ apd v ¢S ' v e
In the solid state, the oppositely-charged ions are held in fixed positions by Jtyong

J
LRanm AL Q\M AT W . Thus, ions are not ﬁ‘t&’W\OV"‘h and hence

J
cannot conduct electricity. ' s At Hra (Morg
« Inthe molten or aqueous state, the _{Thingy glertwhtatic forcs (7 A between

oppositely-charged ions have been OW WL, . The ions are et -MUnne,  and hence
can conduct electricity.

Solid state:

lons are in fixed position and
not free-moving

Dissolve

In molten state or aqueous solution:

lons are now free-moving and can conduct electricity
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* lonic compounds are generally soluble In

wator but Insoluble In Organic solyey

*  Examples of organic solvent are ethanol, trichloromethane, urponting, bonzane ol
i ’

* Examples of ionic compounds that are Insoluble In wator: Hllvn/r\ chloride, by

Explanation (enrichment):

* Water is a polar molecule.

‘, lo urn BUlfate

0w

\ iy
e The _[}g[[m_l, P_\‘.}_lj_\\{( Wlvyr formed at the l«ydv\)(l'“ “ , /‘
attracted to__ (AW and the Pt ol ne gafive ho for

water molecules will be attracted to __ (Wtivns

* Water molecules will pull the ions away from the crystal lattice Into the

compound will eventually dissolve into the solution.

+  water molecule (polar)

sodium chloride salt addition of water to the salt

of wator moleye
mod at the ¢, 1"} n

Alests wil) p,

dissolving of the salt

N\ 7 N\~

e;

@

A 24)
6Se
3
%&;

¢
()
@;@
€
 ee

B3. Uses of lonic Compounds

Ny, o

olution and the ionc.

Propert_y
High melting point

* Refractory materials are

high temperature furnace.

t\
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Use
* Used as N!N\(ﬁ\)‘g‘ Wa el

LUt resigtant

i il . The melting point of
magnesium oxide ig 2852°C. ltis used to line the inner surface of a

Cc7




nut POSEibk, Av e 4 yowg 2

cdounie bond
tvipie bove
27
C. Covalent Bonding

e« Covalent bonds are generally formed between non-metal atoms by the sharing of electrons

Note: the driving force behind sharing of electrons is that all non-metal atoms want to achieve the

stable noble gas electronic configuration.

e The electrons can be shared between atoms of the same kind (in elements) such as H, or Cl,, or
between atoms of different kinds (in compounds) such as HC/, NHs, H,0 and CH,, ’

Example 1: chlorine (Cl2) Key:
$R electron of CI
O electron of another C/

OO

Chemical formula

Structural formula J

Ch

Al

Example 2: carbon dioxide (COz)

Key:
electron of O
O electronof C

Chemical formula

Structural formula J

CO:

0=¢ =0 |
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Quick check:

Draw ‘dot-

and-cross' diagram for the following substances. You only need to show the valence
8
electrons. hey

Nitrogen N) moni:

\ \,

% o Kt

u/x SORR
- / U’if‘(;

f N 1

‘ Y ®
key. ¢ - €levhon of N ( N

X - fletiwp 0‘? Gnothey N

, }
" e J |

Ethene (C:Ha) Ethyne (Csz)E

Ky. X - elgnn ot C

A b onabhe Ry X - elefivn o
i v Q f ANU T " -
vt} Clgtaren xﬁ noThey ( P 0 - WU ¢ Qvythir O
° i & H D - tUnnyt o /
Chloroform (CHCZ) Hydrogen cyanide (HCN) j
0 - ElEUtion ¢f 1
o - Elettvn et
X - eiecron of
X
X
Key. 0 - elehuw o} 4y
v - Clkttnn gf ¢
X~ eleciwn ¢! N J




D. Electronegativity
Electronegativity refers to the ability of an atom to_ Yoyt a Shaved Yo\\v Y e

towards itself in a covalent bond.
Noble qosu

Periodic Table of Electronegativity using the Pauling scale

L Be
0.98 1.57
, Na Mg
093 1.51
. K Ca SCHmM ‘
0.82 1.00 1.36 1.54 163 166 155 1.83 1t
s RB “8t Y Zt .Nb
082 095 122 133 1.6
¢ Cs Ba -~
079 0.89
Fr Ra ™
0s 09

e Electronegativity _muats G brps§ Q P,\Y’N d _In the same Period, F is

more electronegative than N.
Electronegativity __ dluf agts WOWA 0 q10 ) . In the same Group, Bris
= |

less electronegative than F.
e TV AR s the most electronegative atom.

D1. Non-polar & Polar Covalent Bond

e If the two atoms involved in covalent bond are either the same or have similar electronegativity, a
non- polay oy aleay bwnd  results. The two atoms have _¢qui\ jull _on the shared
pair of electrons. ¥ .
e |f the two atoms involved in covalent bonding have different electronegativity values, the pair of
shared electrons are __twt €y vally (Y between the two atoms and

o Polar yaunt hond  results.
"7 o If atom B is more electronegatfive than A, the bonding electrons are nearer to B in the

bond. . \ s
e In a polar covalent bond, the more et V\Qg"\* \\% atom acquires a _EW"\_\ 9 ““}\QAHW
(denoted by &7) and the less electronegative atom acquires a ? art\ Gl pﬂ AR

c\r\o\rge/
o (denoted by &%).

8+ &
Nonpolar covalent bond Polar covalent bond lonic bond
Bonding electrons shared Bonding electrons shared Complete transfer of one or more
equally between two atoms. unequally between two atoms. valence electrons. i
No charges on atoms Partial charges on atoms. Full charges on resulting ions.

Increasing difference in electronegativity between the atoms

Cc10
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E. Structures of Covalent Substances

* Covalent substances can be categorised into two different types:

Covalent substances

covalent bonds among few atoms

Simple molgoul 0r substance

(@]

e.g. Hz, Hzo, NH3, CHA, CO;

F. Structure of Simple Molecular Substances

* Simple molecular substances consist of many 3%
are held together by

e Within each molecule, the 4% ™$

e However, the molecules are held together by Nfuk initrmlitiusior
* The structure of simple molecular substances is known as 3 1"l M¥iRulir Fne s

e Examples of simple molecular substances: water, methane, carbon dioxide. ammoniz_ iodine. -;t

(van der Waals' forces)

covalent bonds among laroe - ..

er -

N atomns throughout the strirs .

subsza,-,ee

. citdigl
Qigny Metaier
J

o e.g.diamond, siicon. graphs.

MR Wi

= Frey ig it oo

OF Strars
U SWaCaon.

F1. Properties of Simple Molecular Substances

« Table below shows physical properties of some simple molecular substances

Chemistry / Bonding & Structure

Soonncs | o) | sy | Sty | et T ecrs
erans T T | (miuidstate) | (o aolia st
Ammonia -77 3\3 oLt does not conduct does not conduct |
Water 0 T-&Joes not conduct does not con(LUL
feschings 114 TSHQ\M does not conduct does not conduct
\jL'UbIZ*J il lljizltjx?gysfgfend in | does not conduct
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Property #1: Low melting point and boiling point

Slmple mo.IecuIar substances generally have low melting point and boili .
melting point of water and methane is 0°C and -182°C respe ctively oiling point. For example,

They generally exist as liquids or gases at room temperature.

Explanation (using methane as example):

e Methane has a_Simp't MolRiM\qy § trutAun ‘ |
¢ ST?“ am&:mt of energy is required to overcome the |y ¢4% \MYM0I¢cuinr Ry o+
at! VWYY | Therefore, methane has a low melting and boiling point.

Note: When melting or boiling simple molecular substances, we are fvt _brtG¥iny the strong
covalent bond between the atoms. We are WAYOMING  the Weu® inttrmoitun wr fores (F

MHvataiy 0.

Property #2: Non-conductor of electricity in any states
Simple molecular substances generally do not conduct electricity in any states.

Explanation (using methane as example):
Methane has a JI\™MP1¥ Mugimlay Ftmuvwe

There are N0 {ree-moving volwa AUy ns

[ ]
available to conduct electricity.

Exceptions: hydrogen chloride (HC!), sulfur dioxide (SO2), ammonia (NH3) react with water to
form solutions that conduct electricity.

Property #3: Insoluble in water but soluble in organic solvent

e Simple molecul

e For example, m
dichloromethane.

ethane is insoluble in water but can dissolve in organic solvents such as

F2. Uses of Simple Molecular Substances
uses

ar substances are generally insoluble in water but soluble in organic solvents.

property

volatile o in perfumes and flavourings
e in room deodorants
o insect repellents, e.g. naphthalene

Chemistry / Bonding & Structure
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G. Structure of Giant Molecular Substances
heiw ok v
Besides forming simple molecules, _htywy  canforma W or of _Lyvalent
ond: WN\AW\M‘ fht S Moleuiar Hwnvwe
This will result in the formation of a __gipnt MY
Substances with giant molecular structure includes:
Alameind

Comparison between simpl

e molgmwe and giant molecular structures:

7/

g
1 %
| ]

i

?%%Z%

Simple molecular structure Giant molecular structure

G1. Allotropes of Carbon

« Allotropes are i Fitvhr : ﬁWV‘M of the J W’% elemiin . Allotropes may
have different properties such as _hdrdn€ss m o 212 (rw | (/M(,!\Au\w~’

e Two well-known allotropes of carbon are diamond and graphite.

» Table comparing between diamond and graphite:

Property Diamond @ | Graphite
Appearance Transparent colourless Black, opaque, shiny solid
crystal
Density (g/cm?) 3.5 2.2
Hardnes
S Very hard Very soft

Melting and boiling point Melting point: 3550°C

. Melting point: 36520
Boiling point: 4827°C i a0

Electrical Conductivity

Does not conduct electricity Conducts electricity.

Chemistry / Bonding & Structyre



G2. Diamond

Structure of diamond: .
e Diamond has a 1‘““\ MOLEMIer SHrmiavve

¢ Inthe structure of diamond, each carbon atom j's » wv"“""““& hong 14 =

fouy othtr (arbon  pqo Wl —
. . ina _lewrentivl -arrangement,

The cathon atom
in the centra is
joined to four
others af the
cormers.

Property #1: High melting point
e Diamond has very high melting point; about 3550°C
o Diamond hasa_ @iem M\tivi i fimipun : atl#y
e A large amount of energy is required to Rk iy valen bongs bt WHA corboa |
Therefore, diamond has a high melting point.

Property #2: Diamond does not conduct electricity

Explanation: ' s
« Diamond hasa __fiant Motgeater N TUCTUT, _
e All the fowe valen UU\W"‘ of each carbon atom are used for_valR ! binding
so there are W free - M"‘N\ valenw flewnal present to conduct electricity. J
Property #3: Diamond is insoluble in water and organic solvents
Property #4: Diamond is hard ' ’
Explanation: : ST tivg
e All the carbon atoms are held by HNMJ. covaltel boady thinughout tne St ,
hence diamond is hard. - -
e Due to its hardness, diamond is often usedas A\l TPS and Do\W v\3 o\s
G2.1 Uses of Diamond
Property Uses
hard o tips of cutting, grinding and polishing tools

Chemistry / Bonding & Structure C14



G3. Graphite

Structure of graphite: .
* Graphite has a_glant Molc1ar [aver ek dhutwe
* Graphite is made up of many layers of __htxaqoNd\  rings of carbon atoms,

o _EGh  carbonatomis _(,0\{&\(Y\?\‘1,,WY\L\%’W to 3 other carbon OMVims tn g gy g Mryy,

,/( UTH
fes

« The carbon atoms are held together by _ "Mng (valent bvnds  butthe g Vi
held together by WEAK infrmolttway forcey o attradiyn .

—

Weunk furces
of attraction
between each
layer of

carbon atoms

Strong
covalent
bonds
between each
carbon atoms

Property #1: Graphite has high melting point

» Graphite has very high melting point; about 3650°C MM

Explanation:
« Graphite hasa_4i0nt MORwor 10yereq p T
* A large amount of energy is VRQuIRd O VWYAMR theA the strong |
covalent bonds between the carbon atoms. Therefore graphite has a high
melting point.

Property #2: Graphite can conduct electricity

Explanation:
»  Each carbon atom uses only _TNIX¢ Dt ot fonr Yoty W, bonding. The valence
electrons N\ Witd in Wﬂdm% are _h‘%’ MYWng - to conduct electricity.
J

Property #3: Solubility of raphite
Graphite is insoluble in water and organic solvents.

Progerty #4: Graphite is soft and sliggem
Explanation:

* Graphite has a_gjapt MUCMLy | fwitunt.

* The layers of carbon atoms in in

fovee @ atteation 9raphite are held together by Wenk in) erms\i\0y
- The layers of atoms are able to_f\1A€ vy A1, (i
when a force s applied., u AU

Chemistry / Bonding & Structure
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G3.1 Uses of Graphite

Property e 7{0565”’”‘“‘
soft and slippery « in pencil lead. Since it is sef, the layers of carbon atom
A . ) yers of carbo i
pencil onto the paper easily. el b
« as a solid lubricant to reduce friction in machinery
conductor of electricity o in brushes for electric motors and as inert electrodes. 1

GA. Silicon and Silicon Dioxide

Structure of silicon:  §;0,

Based on the given structure of silicon,
@ « state the type of structure that silicon belongs to.

giont_ Mot lorsmuug

o deduce the following properties of silicon:
o high / low melting and boiling point.

o good / non-conductor of electricity.

o hard / soft solid.

o soluble / insoluble in water and organic solvent.

Structure of silicon dioxide:

Based on the given structure of silicon dioxide,
{ ) = Silicon atom « state the type of structure that silicon dioxide belongs to.

aiant Molemiar gtrm tun,
L1l

e deduce the following properties of silicon:
o high / low  melting and boiling point.
o conductor / non-conductor of electricity.

o hard / soft solid.

o soluble / insoluble in water and organic solvent.

Chemistry / Bonding & Structure C16



H. Metallic Bonding

e In any metal, metal atoms are closely packed together to form a qlant Wfﬂ\ho ' g '
e The metal atoms in the giant metallic structure _ 0K their _Y% .

become _DRJINYY [ONS. A ‘ freely
* The valence electrons are _tA¢10 cahise d a\g&%av‘”s _Y_"\M_A\between the mety ion
resulting ina \tta’ ¢t fre¢ -Movng vauhd ¢ ' _ k
« A metallic bond is the [#nhg o ot fof ¢ of attraction between e ity

MM {0)  andthe ‘Sea’" ¢F_dgld (alised yval€nw £\eWns.

Note: Metallic bonding exists within all metals.

* Diagram below shows the metallic bonding.

- b&\‘Nt’f\fv\\z\/\ng\n\\w eIk,
U

H1. Properties of Metals

» Table below shows physical properties of some metals.

Y T M_elting Bpiling Elecfric_al conductivity Elect_rical conductivity
point (°C) point (°C) (in liquid state) (in solid state)
magnesium 650 1091 conducts conducts
copper 1084 2562 conducts conducts
aluminium 660 2740 conducts conducts
mercury -38.8 TW conducts

Property#1: Metals have high melting point
* Most metals have high melting point,

Explanation:

* Metal has a§; allie 7wk

* Alarge amolint of enerqy | \ ‘
attraction between the fg\%%ﬁ\'\;;‘;;\i:%tom “SN i o strong argintc biug y

. Ca/ = ' Ny .
Therefore metals haye high melting points and the \{(q’ ¢ £ n \(} VR, g e\€ ANy

Exception: Mercury, Which i

S a liquid at room temperature.

Chemistry/ Bonding & Structure
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Property #2: Metals can conduct electricity in all states

Explanation: ‘
e Metal has a %\QM MRQII e St uun

« Thereisa_\sea’ gt W?‘MV\'\% Valens, et

___ present 1o conduct electricity.

Property #3: Solubility of metals
e Metals are insoluble in water and organic solvents.
e Note: some metals react with water to form compounds.

Property # 4: Metals are ductile and malleable
« Ductile — metals can be stretched into wires without breaking

e Malleable —metals can be hammered into different shapes

——E—

Explanation:
e Metal has a giant metallic structure.
e Metal ions are arranged orderly in layers. When a force is applied, the layers of metal ions Ei?_
slide over one another.
e Therefore metals are malleable and ductile.

metals are malinatie nistals ars ductile
H2. Uses of Metals
Property Uses
good conductor of e in electric wires (e.g. copper) and in electric goods.
electricity

C18
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ey
e
e lonic substance Metallic substance
Chemical
Giant ioni i
Structure onic lattice structure | Giant metallic lattice structure Giant molecular layered
S
—— f;l:::o/ Ngco. K20, CaF, Na, K, Mg, Ca, Fe, Cu Ty )tructure
3, etc.
[below description Is for refe
_ _ rence to
Particles Oppp_snely cha{'ged ions Positive metal ions in a 'sea’ of ilraphne ]
that (positive metal ions and delocalised valence electrons HmRlal SRinalanm
make up negative non-metal ions)
Substance

An Example
(Diagram)

Type of

Strong electrostatic forces

Strong electrostatic forces of

i e
T
(Each carbon atom Is covalently

bonded to 3 other carbon atoms in
hexagonal arrangement)

W

Strong covalent bonds

* Summary Table - Differ
- ent Types of Structure & Physi
hysical Pro i
perties %

Covalent substance

Glant molecular structure

Diamond (), S7, Si0;,

Non-metal atoms

(Each atom is covalently bonded
to 4 other atoms in tetrahedral
arrangement)

Simple molecular structure
Hz, Oz, N2, Clz, HCI G
% , CO2, SQ,,

Simple molecules
(Non-metal atoms in each molecule)

Ha,

Bonds /
Forces of
Attraction

Melting /

of attraction (ionic bonds)
between oppositely
charged ions throughout the
whole structure.

lonic compounds are solids at

attraction (metallic bonds)
between positive metal ions and
a 'sea’ of free-moving delocalised
valence electrons throughout the
whole structure.

Metals are usually solids at r.t.p.

between carbon atoms in each
flat parallel layer

(but weak intermolecular forces

of attraction between layers of
atoms)

Strong covalent bonds
between non-metal atoms
throughout the whole structure.

Weak jntermolecular forces of
attraction between simple
molecules

(but strong covalent bonds between
non-metal atoms within each
molecule)

Boiling
point

rt.p. and have high melting
and boiling points.

Large amount of energy is

and have high melting and boiling
points.

Giant molecular layered
substances are solids at r.t.p.

and have very high melting and
boiling points.

Giant molecular substances are
solids at r.t.p. and have high
melting and boiling points.

Simple molecular substances are
usually gases or liquids (solids too,
but less common) at r.t.p. and have
low melting and boiling points.

needed to overcome the
strong electrostatic forces
of attraction between
oppositely charged ions

Large amount of energy is
needed to overcome the strong
electrostatic forces of attraction
between the metal ions and the
sea of delocalised valence

electrons

Large amount of energy is
needed to overcome the strong
covalent bonds between the
atoms in the layers.

Large amount of energy is
needed to overcome the strong
covalent bonds between all
the atoms throughout the
structure.

Little amount of energy is needed
to overcome the weak
intermolecular forces of attraction

Chemistry / Bonding & Structure

tivity

R

Other
special

R B

prre e ey

Chemical
Structure

-

Electrical
Conduc-

Solubility

properties

lonic substance

aqueous state

solid:
oppositely charged ions are
held in fixed positions by
strong electrostatic forces of
attraction, hence ions are
not mobile to conduct
—X electricity

AN
molten / aqueous:
electrostatic forces of
attraction between oppositely
charged ions are overcome
and ions are mobile / free
moving to conduct electricity

Generally soluble in water

and insoluble in organic
solvents

| vty 0 e

Giant ionic lattice structure

.
Non—conductor in solid state
but good conductor in molten/

I

c19

Metallic substance

Giant metallic lattice structure

& molten state

free moving valence electrons to
conduct electricity

Ll e
Generally, insoluble in water and

insoluble in watel
organic solvent, but some metals
react with water.

|
malleable and ductile — when a

force is applied, the layers of ions
can easily slide over each qther
without breaking the metallic bond

Chemistry / Bonding & Structure

o e S

|
Good electrical conductor in solid

| ]
presence of delocalised mobile /

Covalent substance

Giant molecular layered

structure
Good electrical conductor

(graphite)*

Each carbon atom uses only 3
out of 4 valence electrons for
covalent bonding. The valence
electrons not used for bonding
along each layer of atoms are
mobile/ free moving to conduct
electricity.

Giant molecular structure

\ Simple molecular structure

Non—conductor

NON=—COTRI A

Non—conductor

Exception: Some simple molecular
substances that are soluble and
can dissociate in water to form
mobile ions, can conduct electricity

when in aqueous solution.

absence of mobile | free moving
valence electrons

absence of mobile / free
moving valence electrons

[For Group 14 non-metal
element ( eg carbon atoms in
diamond & silicon atoms) : Each
atom uses all its 4 valence
electrons for covalent bonding.
There are no more mobile
valence electrons to conduct
electricity.]

Insoluble in water and organic solvents

soluble in

SOWDIL =22

Insoluble in water but
organic solvents

soft and slippery

« Weak intermolecular forces
of attraction between layers
of atoms.

Hence, layers can easily
slide over each other

Uses: As a lubricant for
machinery

extremely hard

o Allthe atoms are held by
strong covalent bonds
together throughout the
giant molecular structure.

Uses: Cutting tool

C20



