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CHAPTER 3: IONIC COMPOUND
AND METALS
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Section 1:

e The elements in lehare elec ms.f”d 0 ga,
- Orde s
the same group et Clectiops ' 1© ACquirg ‘1
have similar —

properties.

(for example, alkali metals group elements are: Li, Na, K, I
Rb, Cs. they have similar properties, they are reactive). I
Many of these properties depend on the number of valence

electrons the atom has. I
These valence electrons are involved in the formation of chemical I
bonds between two atoms. I

DY de gozmo polic Mind paSlasll (§ (nglinie Buxly degazmo (§ 8392 gall roliall
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A chemical bond is: the force that holds two atoms together.
(R o i 898 (p dskerSIl ALyl

.Sy 8)d) ALl b9 iSIVNg 8)3 819 Az gadl el (- 3l Ms- (40 o

Chemical bonds can form by the attraction between the positive
nucleus of one atom and the negative electrons of another atom,
or by the attraction between positive ions and negative ions.
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electron-dot structure a=)

Electron-dot structures: Because valence electrons are involved in

forming chemical bonds, chemists often represent them visually using a simple shorthand method,
called electron-dot structure.

An atom’s electron-dot structure consists of the element’s symbol, which represents the atomic

Ljyptim;:;U&,:SJ!wgﬂtyjﬁoiﬁwy@ﬁaymlgugﬂ1 Jdotd aile Sl g ey Ayl Sl

blas K (3 el

Atomic Electron Electron-Dot Alaas sid dele ms o saddll ie 3

ement | s, | conpuaton | “swucre Rl el
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Lithium 3 15@ Li- .. o ;

a8lall (S gtume 3 g A posb Al saie 3

Beryllium 4 15@ -Be - onilals g (Jedl)

_ Sgran 3 DU, 3 09 9l paic 3

Boron 5 1s -B- blas 3 A 91 25Ul
o el

Carbon 6 1s C B pyl s Silig SN 4 00,5 a3
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recall that ionization energy refers to how easily an atom lose an electron

and that electron affinity indicates how much attraction an atom has for

electrons.

electron ad 9 09 AN 8yddl uaas ol 9l 8yl e 09 AN £55 A gguw (Se J! ionization energy id
(6531 B)A1 Ui ASII By s (ske (ST I ( dneSI) Al a2 9) affinity

Noble gases, which have high ionization energies and low electron
affinities, show a general lack of chemical reactivity.

@b, waas Y @Y duaiasis electron affinities 9 4le ionization energy eliad dlelsdl el
de;w ‘_3 2hHhlasy P dle g WLy S u.wlﬁ)b

Other elements on the periodic table react with each other, forming

numerous compounds.
A3l o e gitn 84S olute) B35S lgany o Sl )91 Jgudly (5,391 nolia

The difference in reactivity is directly related to the valence electrons

The difference in reactivity involves the octet— the stable arrangement of

eight valence electrons in the outer energy level.
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Unreactive noble gases have electron configurations that have a full

outermost energy level. This level is filled with two electrons for helium and

eight electrons for the other noble gases (ns 2np 6).

Elements tend to react to acquire the stable electron structure of a noble

gas.
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The formation of a positive ion:

foargall O G as

The atom is neutral because it contains equal numbers of protons and
electrons.
g3 &gl U539 Al ste 0Y g A S5 o) 1285 O Jid Dol il § 801 (p Wslaiall 8]
ALl ©lg ASIYI dae (Sl
v The positive ion, however, contains more protons than electrons and
has a positive charge.
v' The positive ion is called cation
Gz O ST Al B AUV dus o sS) duzgall Ciligig Wl dde 0550 09 ASIN 8yl uad 131 Lal
cation (s 9o 09 H Jgouiid ASYI (o L goll

Sodium

11
N a (11 protons and 11 electrons)

22.990

That is sodium, has 11 electrons.

The electronic configuration is: Na'! : 152 252 2P 35 (11 protons and 11 electrons)
The valence electrons is =1 (351)

1 or 2 or 3 electrons at the highest energy level, so, it’s a metal.

Metal lose electrons and become Positive ions.

How many electrons | will lose in Na? 1 electron.

N a + 1 (11 protons but 10 electrons)

The electronic configuration is: Na*® : 152 2§% 2P® ( 11 protons but 10 electrons)
The electronic configuration like the electronic configuration of noble gas neon
Ne :15% 252 2P® and this electronic configuration is more stable

Na + ionization energy » Na''
To convert metal atom to positive ion you need ionization energy to lose electron.

(098I 483 5l 9,48 g (B 8o I Zliss azgo 02l JI 54801 855 Jgo (I

Na*l+e > Na
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Table 2 Group 1, 2, and 13 lons

m Configuration Charge of lon Formed

1 [noble gas] ns’ 1+ when the s' electron is lost

2 [noble gas] ns? 2+ when the s? electrons are lost

13 [noble gas] nsZnp! | 3+ when the s2p' electrons are lost

Metals ions:

When atom has 1 valence electron will lose 1 electron and be +1 ion.(Na, Na*1) I

or 2 valence electrons will lose 2 electron and be +2 ion.( Mg, Mg*?)

or 3 valence electrons will lose 3 electron and be +3 ion.(AL, AL+3)

why metal atom are very reactive ?

because they can lose 1 or 2 or 3 electrons easily . like K in group one , Mg in group 2, Al
in group 13.

The group 1 and 2 metals are the most reactive metals on the periodic table.

Transition elements:

You know all transition elements ends with s> d" They are metals, so, they lose
electrons.

S:d; 885 Lokind s | d (aed (rusinsy (A5 Lgasez AJEDYI olin)
s°d Yol s ¢y g AV By p9ds g 098 Jgoei) g ASUI
s?d° Jaanll Chuatin (§ (d ol § Bosrse (o U) . d 3
s? d : -

SZ d10

to form ions of transition elements , remove electrons from s then d.
for example:
Fe?°:152 252 2P% 352 3p% 452 3d® toget Fe'® you will remove 3 electrons, don’t

remove from 3d® X . remove 2 electrons from as? first . then 1

electron from 3d® . SO : Fe*3:152 252 2P6 352 3p° 3d5




transition metals also commonly form ions of 3+ or greater, depending on

the number of d electrons in the electron structure.
It is difficult to predict the number of electrons that will be lost.
For example, iron (Fe) forms both Fe 2+ and Fe 3+ ions. A useful rule of thumb for these

metals is that they form ions with a 2+ or a 3+ charge.

d @ 8392900l WUg ASIYI sue e CaBg o 3+ (o el ol 09l 3+ 0955 LIS foliall
AIEBY _poliall o naie 6T dday @I OBy AV sue s aall oy
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Pseudo-noble gas configurations:

Aol Wil jladiunad! of LIS dgﬂ}” =) 94!

Although the formation of an octet is the most stable electron configuration, other

electron configurations can also provide some stability.
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For example,

Zn30: 152 252 2P 352 3p® 452 3d'° , or [Ar] 452 3d'° will lose 2 electrons

Zn*?:152 252 2P%35% 3p° 3d'° , or [Ar] 3d'°

The [noble gas ] (n)d' electron configuration is known as a pseudo noble gas

configuration because several cations with this arrangement of electrons are stable
o Bl 0gdl g pdliall Jols

Natl:152% 252 2p° or [Ne] (noble gas electronic configuration)
Znt?:15% 252 2P°35% 3p°® 3d'® or [Ar] 3d'® (pseudo noble gas configuration)
ol 5 39 ASIYN ajgll pud 92 0933 (39 ASIVI ajll J oI Ul 3

d J1 88LYL Jols- 51 (39 IV sl 5o 093U (39 ASIV ol A A=l




Table 3 Group 15-17 lons

15 [noble gas] ns2np? 3— when three electrons are gained
16 [noble gas] nsZnp* 2— when two electrons are gained
17 [noble gas] ns2np® 1— when one electron is gained

Negative lon Formation:
Ll §gI 090 &S
v" Non-metals has 5 or 6 or 7 electrons at the highest energy level.
v' So, they will gain 3 or 2 or 1 electron to reach 8 electrons like noble-
gases.
v When non-metals gain electrons, become negative ions.

v Negative ions are called Anion.
v" To name the negative ion, add -ide to the root name of element.

For example :

‘Cl

Chlorine
35.4527

CI17:152 25% 2P®3523p°® (chlorine)

The highest energy level has 7 electrons ( 2 in 3s + 5 in 3p) so we need 1 electron to reach 8
electron.

Cl71:182% 252 2P%352 3p° (chloride)

The highest energy level has 8 electrons ( 2 in 3s + 6 in 3p)

The electronic configuration of CI ™! like noble-gas Ar: 152 252 2P% 352 3p®

ide oy 098 Ll gl ol & ud3 Y




lonic bond: compoung: ,

of two or more

d?emical Combinatiop
different elements

The electrostatic force that holds oppositely
charged particles together in an ionic
.compound is referred to as an ionic bond

Compounds that contain ionic bonds are ionic compounds.
.If ionic bonds occur between metals and the nonmetal oxygen, called oxides

Most other ionic compounds are called salt

Ligl dlayly g (Bl DSyl g Al (§ cpobiie (emnr Joy ASSbg A i S 53 (p a5l dlal)))
OLSyell 3L 9 oxides Syall (ou (nzmaSt 9 318 (o 3 131 318Y 9 518 (o 033 (£ 9 Al DLSye (s

Many ionic compounds are binary: which means that they
contain only fwo different elements. Binary ionic compounds contain a
metallic cation and a nonmetallic anion.

Sodium chloride (NaCl) is a binary compound because it contains two different
elements, sodium and chlorine. Magnesium oxide (MgO) is binary ionic compound.

o 38 Ogal 13Vl 9 o (S8 9ol Wi il cppaie e Sgiosd DSy (p 45U 45 Y1 LSyl

Compound formation and charge: What role does ionic charge play in the
formation of ionic compounds?
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Table 4 Formation of Sodium Chloride

Chemical Equation

Na + Cl— Na* + Cl~ + energy

Electron Configurations

One electron is transferred,

[Ne]m"-—u) [Ne] + [Ar] + energy
\_Y_ﬁ'

Na a Nat -

Orbital Notation

One electron is transferred,

/ﬁ\\
]+ -
p 2p 3s 3p

15 25 I Is s ;
N'a EI octet
; + energy
Is 25 p 15 2s 2p 3s 3
Na* -

Electron-Dot Structures

One electron is transferred.
Naeﬂt\vl:',:l: — [Na]* + [:Cl:]"+ energy

Atomic Models

11 electrons 17 electrons 10 electrons 18 electrons
S/ (11-) ya / (10-) / (18-)

.. W W .

11 protons 17 protans 11 protons 17 protons
(114) (174) (114) (17+)




How to write the chemical formula of ionic compounds ?
First : you should have 2 elements ( metal, non-metal) (Mg'?, F7)

Second: get the positive ion of metal and negative ion of non-metal

(Mg**, F7)
Third :
Mg*? F~ (exchange the oxidation number)
1 2
MgFZ
—

To make sure that your answer is correct , the sum of charges of 2 elements must
equal zero

Mg™*2 F~
X X
1 2
(+2x1) + (-1x2)=zero
+2 2

Oxidation number : is the number of charges on ion

For example : what is the oxidation number of each element
Mg+2 F~ 0—2
2 1 2




Properties of Tonic Compounds:

Physical structure:

In an ionic compound, large numbers of positive ions and negative ions exist together in a
ratio determined by the number of electrons transferred from the metal atom to the
nonmetal atom. These ions are packed into a regular repeating pattern that balances the
forces of attraction and repulsion between the ions.
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Sodium ion
(Na™)

Sodium chloride crystal

1- Note the highly organized nature of an ionic crystal the consistent spacing of the ions and the uniform
pattern formed by them.

ST G dgoll Laaidly eIl o Buuiodl deliilly digadl 8y5hd) ALl dabiiell dapall JK2JL LamY

2- Although the ion sizes are not the same, each sodium ion in the crystal is surrounded by six chloride
ions, and each chloride ion is surrounded by six sodium ions.

U gl Ay boloeo Uyl gl JS9 ¢ 9l lgal diaay bolwo Bkl (§ pg33940 501 IS O cdlilaie Coaud g plrT Oy &)1 e
o239

3-the one-to-one ratio of sodium and chloride ions produces a highly ordered cubic crystal As in all ionic
compounds, in NaCl, no single unit consisting of only one sodium ion and one chloride ion is formed.
Instead, large numbers of sodium ions and chloride ions exist together.
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) . int, boili int,
B . .
apart. Thus, ionic crystals have high melting points and high boiling points

+* The strong attractions among the positive ions and the negative ions in an ionic
compound result in the formation of a crystal lattice.

o A5k 0sS5  o2 s S alls dum pall 5 Alad) ) (A il T 5 8

%+ crystal lattice is a three-dimensional geometric arrangement of particles..
L V) N (s sall s ALl il V1) Cilapuaall tia (i i o A0 5 ) 5L
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In a crystal lattice, each positive ion is surrounded by negative ions, and each negative
ion is surrounded by positive ions

Al il s Aalae don ) i W1 5 A s iy Alalae Al s ¥ ()5S ) L) ASe)

lonic crystals vary in shape due to the sizes and relative numbers of the ions bonded.
Ly e Aoyl yiall Gl o) dlae) g alas) Co LeISS 8 g 630 CalIAT A3 oY) <l 5Ll
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X3

*

Aragonite (CaCO3) Barite (BaSO0,) Beryl (BeAl,Sig013)

Physical properties ..

e 1-Melting point, boiling point, and hardness are physical properties of matter that
depend on how strongly the particles that make up the matter are attracted to one another.
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ecause ionic bonds are relatively strong, ionic crystals require a large amount of energy to be broken
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2- Hardeness :

Tonic crystals are also hard, rigid, brittle solids due to the strong attractive forces that hold the
ions in place.

L (3 DUl Jasys (@l digall Q3] 898 o dudio A5 skl

When an external force is applied to the crystal—a force strong enough o overcome the
attractive forces holding the ions in position within the crystal—the crystal cracks or breaks apart,.
The crystal breaks apart because the applied force repositions the like-charged ions next to each
other; the resulting repulsive force breaks apart the crystal
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Undisturbed ionic crystal Applied force realigns particles. Forces of repulsion break crystal apart.
Before the force is applied, the crystal If the applied force is strong enough, A repulsive force created by nearby
has a uniform pattern of ions. it pushes the ions out of alignment. like-charged ions breaks apart the crystal.

3-the ability of a material to conduct electricity:

. epeTOEBH S VAaBIIG G e VNG ERHGEBIBaIIEES, 1o are charged partices o

whether they are free to move determines whether an ionic compound conducts electricity.
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e Inthe solid state, the ions in an ionic compound are locked into fixed positions by strong attractive

forces , As a result; onic solids do not conduct electricity.
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Both ionic compounds in solution and in the liquid state are excellent conductors of electricity.
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e Anionic compound whose aqueous solution conducts an electric current is called an glectrolyte
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Many crystals, including gemstones, have brilliant colors. These colors
are due to the presence of transition metals in the crystal lattices
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Energy and the Ionic Bond:

During every chemical reaction: energy is either absorbed or released
Al Gilagl 5 Al Galiaial Gy e Jelil) oL
If energy is absorbed during a chemical reaction, the reaction is endothermic.
If energy is released, it is exothermic
3l all pale Jelii seb ddla aial il Jelal) zla) 1)
5l yall o)l Jelis 68 il ikl 13)
The formation of ionic compounds from positive ions and negative ions is always exothermic.
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. The attraction of the positive ion for the negative ions close to it forms a more stable system that is
lower in energy than the individual ions.

83 jhay 02l IS A8l (e 81 A8 4l (o ) il i) AU aie Wiy o sall (50D ) (0 0¥ a3

If the amount of energy released during bond formation is reabsorbed, the bonds holding the positive
ions and negative ions together will break apart

Al o pall 91 a5 )l ) e g 5] Sl (355 (e il ) U alisial Bl 5 13

Lattice €nergy: Because the ions in an ionic compound are arranged in a crystal lattice,

the energy required to separate 1 mol of the ions of an ionic compound is referred to as the lattice
energy.

<Y S5l (e i) Chm (53 2 g5l pm T il e 35U 8L A o) A0 L
The strength of the forces holding ions in place is reflected by the lattice energy.
The greater the lattice energy, the stronger the force of attraction
o8 Qilaill 3 8 calS LS e 5 ) sll) Al cilS LS
Lattice energy is directly related to the size of the ions bonded .

Smaller ions form compounds with more closely spaced ionic charges Because the electrostatic force of
attraction between opposite charges increases as the distance between the charges decreases, smaller
ions produce stronger interionic attractions and greater lattice energies.
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For example, the lattice energy of a lithium compound is greater than that of a potassium compound
containing the same anion because the lithium ion is smaller than the potassium ion
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read this article

Milestones in lonic ™
and Metallic Bonding ‘

A series of discoveries helped scientists
understand the properties of ionic and metallic

1916 Gilbert Lewis
proposes a bonding

CIRCA 1940 Metallurgists
develop alloys that perform

: ; | theory based on the under extreme temperature,
substances—leading to the creation of new : X .
: interaction of pressure, and centrifugal force.
tools and materials. S
- electrons among Such alloys are later used in jet
’ atoms. engines and spacecraft.

1897 ). J. Thomson speculates 1913 X-ray crystallography reveals 1932 The development of an

that electrons play a key role in sodium ions and chloride ions in electronegativity scale allows

chemical bonding. sodium chloride are arranged in scientists to quantify the relative
regular geometric patterns. strength of attraction of each

element for electrons.

Nonmety.
~an e
enerally 5 . lement that js

. I P Sor )
The chemical formula for an ionic compound, andis a pogy cOndjc?u”’ brittle sojjq
called a formula unit, represents the simplest e’fCt’iCity Or of heat apq
ratio of the ions involved. e

Jic 4 5 formula unit o (S oS all 4l 4ol
s3] S el 53 g sl il 5o a1 sl

For example, the formula unit of magnesium chloride is MgCl2 because the magnesium and
chloride ions exist in a 1:2 ratio .

Ql ‘SWLAJ‘ A 9958 (15)3 HofSJI Lol Jadd ulg CYYORELIN] oY MgClI2 P fWLoJ‘ )8 A3laSl daualld
2:1 980

The overall charge of a formula unit is zero because

the formula unit represents the entire crystal, which is electrically neutral. The formula
unit for MgCl2 contains one Mg 2+ ion and two Cl - ions, for a total charge of zero.
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Monatomic ions:

Binary ionic compounds are composed of positively charged monatomic ions of a metal and
negatively charged monatomic ions of a nonmetal.

A monatomic ion is a one-atom ion such as Mg 2+ or Br -.
- dadd pgrudelall (o 09Say Mg+2 Jie 8u19 8)3 (40 098 O gl 92 5l (Sl G2l

Most transition metals and metals in groups 13 and 14 can form several different positive
ions.

Table 8 Monatomic Metal lons

3 SC3+, YEJ’, La3+

4 T2t Tt

5 y2E, y3+

:
7 Mn2*, M3+, Tc2+

9 CL OB e D

10 Ni2*, Pd2+, Pt2+, pti+

13 a2+. Ga*, In+, In2+, In+, TI+, TI+

Szl Jie _soliall jand duwST Al (o 4| SIla 9. 8019 8)3 oy 3955 ST 8)dl Lalot lgaVl (s Abladl 8)suall
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Oxidation numbers:

The charge of a monatomic ion is equal to its oxidation number, or oxidation state.
ST Y gl dST Dlell ol Bl e 83 92gadl bl

The oxidation number of an element in an ionic compound equals the number of electrons transferred
from the atom to form the ion.
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For example, a sodium atom transfers one electron to a chlorine atom to form sodium chloride. This
results in Na + and Cl -.

Thus, the oxidation number of sodium in the compound is 1+ because one electron was transferred
from the sodium atom. Because an electron is transferred to the chlorine atom, its oxidation number is
1
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Oxidation number : is the number of charges on ion

For example : what is the oxidation number of each element
Mg+? F— 02
2 1 2
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Formulas for binary ionic compounds:

In the chemical formula for any ionic compound, the symbol of the cation is always written first,
followed by the symbol of the anion. Subscripts, which are small numbers to the lower right of a symbol,
represent the number of ions of each element in an ionic compound.
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If no subscript is written, it is assumed to be one
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How to write the chemical formula of ionic compound:

Atoms Cation (+) Anion (-) Chemical Name
(-ide) formula
K, O (Potassium)K™* (Oxide)0 > K70 | Potassium oxide

(Aluminum)Al*3 (Sulfide)s > Al;S3 | Aluminum sulfide

(Potassium)K " (lodide)I~ KI | Potassium iodide

(Aluminum)AL*3 (Bromide)Br~ Aluminum
Bromide
(Magnesium)M g*+2 (Chloride)C1~ Magnesium
chloride
(cesium)Cs™ (Nitride)N 3 Cesium nitride

(Berylium)Be*? (Oxide)0 > Berylium oxide

(Calcium)Ca*? (Flouride)F~ Calcium flouride

(Sodium)Na™* (Chloride)Cl™ Sodium chloride

(Sodium)Na™* (Oxide)0 > Sodium oxide

(Lithium)Li* (Chloride)Cl™ Lithium chloride

(Lithium)Li* (Sulfide)s > i»S | Lithium sulfide

(Zinc)Zn*? OH~ (hydroxide) Zinc hydroxide

,Cu*? (nitrite)N 02~ Cupoer nitrite
or Cu* (Cupper)
(Silver) Ag™ NO2~ (nitrite) Silver nitrite

Pb*? (nitrate)N0O3~ Lead nitrate
or Pb*3 (lead)

(Magnesium)M g™*> S04~ % (sulfate) Magnesium
sulfate
(sodium)Na* (carbonate)C03~2 Sodium
carbonate
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Formulas for polyatomic ionic compounds:
Many ionic compounds contain polyatomic ions, which are ions made up of more than one atom.

A polyatomic ion acts as an individual ion in a compound and its charge applies to the entire group of
atoms.

Table 9 Common Polyatomic lons

ammonium
nitrite
nitrate
hydroxide
cyanide
permanganate
hydrogen carbonate
ypochlorite
chlorite
chlorate
perchlorate
bromate

iodate

periodate
acetate
dihydrogen phosphate
carbonate
sulfite
sulfate
thiosulfate
peroxide
chromate
dichromate
hydrogen phosphate
phosphate

arsenate

Table 10 Oxyanion Naming Conventions

for Sulfur and Nitrogen

® |dentify the ion with the greatest number of oxygen atoms. This ion is named

using the root of the nonmetal and the suffix -ate.

® |dentify the ion with fewer oxygen atoms. This ion is named using the root of the

nonmetal and the -jte.
(0P,
nitrate  nitrite

5032_
sulfite
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oxyanion is a

.polyatomic ion composed of an element, usually a nonmetal, bonded to one or more oxygen atoms
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Table 11 Oxyanion
Naming
Conventions
for Chlorine

The oxyanion with the greatest
number of oxygen atoms is named
using the prefix per-, the root of the
nonmetal, and the suffix -ate.

The oxyanion with one fewer oxygen
atom is named using the root of the
nonmetal and the suffix -ate.

The oxyanion with two fewer oxygen
atoms is named using the root of the
nonmetal and the suffix -ite.

The oxyanion with three fewer
oxygen atoms is named using the
prefix Aypo-,. the root of the
nonmetal, and the suffix -ife.

\A Examples:
ClO,4— ClO3—
perchlorate chlorate
ClO,— Clo—
chlorite hy pochlorite

To distinguish between multiple oxidation numbers of the same element, the name of the chemical
formula must indicate the oxidation number of the cation

. The oxidation number is written as a Roman numeral in parentheses after the name of the cation
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This rule applies to the transition metals and metals on the right side of the periodic table, which often
have more than one oxidation number.
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.It does not apply to group 1 and group 2 cations, as they have only one oxidation number
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.Fe 2+ and O 2- ions form FeO, known as iron(l1) oxide A 3as 4l
. . . leagd (1o ¢S
Fe 3+ and O 2-ions form Fe 20 3, known as iron(lll) oxide
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Metallic Bonds:

The bonding in both metals and ionic compounds is based on
the attraction of particles with unlike charges. Metals often
form lattices in the solid state. These lattices are similar to the
ionic crystal.
duzrgall) dalisea)l Clodd! (s O3l 893 e datiad dunits Jall S50 Baggall CUAS 9 gVl Syl (§ 8592gall dlayll
oyl St Aol 29 - o > 3 511 s By gl Colind] (o At 31a01 51 drgy Lol (3Ll
" ) g gl SUSells 839250l

A sea Of elecfr'ons: Although metal atoms always have at least one valence electron, they
do not share these valence electrons with neighboring atoms, nor do they lose their valence electrons.

Instead, within the crowded lattice, the outer energy levels of the metal atoms overlap This unique

arrangement is described by the electron sea model.
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Delocalised electrons Metal ions

The electron sea model proposes that all the metal atoms in a metallic solid contribute their valence
electrons to form a “sea” of electrons. sea of electrons surrounds the metal cations in the lattice. The
electrons present in the outer energy levels of the bonding metallic atoms are not held by any specific
atom and can move easily from one atom to the next.
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Because they are free to move, they are often referred to as delocalized electrons.
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When the atom’s outer electrons move freely throughout the solid, a metallic cation is formed.
Each such ion is bonded to all neighboring metal cations by the sea of valence electrons
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A metallic bond is the attraction of a metallic cation for delocalized electrons.
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Attractions between positive cations and the negative “sea” hold the metal atoms together in a lattice
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Figure 11 The valence electrons in metals (shown as a blue cloud of minus signs)
are evenly distributed among the metallic cations (shown in red). Attractions between
positive cations and the negative “sea” hold the metal atoms together in a lattice.

Explain Why are electrons in metals known as delocalized electrons?

——— Metal cation
S S 60 - ©
- — s s - — & " of electrons
® S © 5 © e
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Metallic Bonds and the Properties of Metals:

Properties of metals The physical properties of metals can be
explained by metallic bonding. These properties provide evidence of the

strength of metallic bonds
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Melting and boiling points:(high)

The melting points of metals vary greatly ,Mercury is a liquid at room temperature, which makes it
useful in scientific instruments such as thermometers and barometers.
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On the other hand, tungsten has a melting point of 3422°C. Lightbulb filaments are usually made
from tungsten, as are certain spacecraft parts In general,

metals have moderately high melting points and high boiling points.
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The melting points are not as extreme as the boiling points because the cations and electrons are
mobile in a metal. It does not take an extreme amount of energy for them to be able o move past
each other.

However, during boiling atoms must be separated from the group of cations and electrons which
requires much more energy.
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Malleability, ductility, and durability:
Metals are malleable, which means they can be hammered into sheets,
they are ductile, which means they can be drawn into wire
how the mobile particles involved in metallic bonding can be pushed or pulled past each other

. Metals are generally durable

Although metallic cations are mobile in a metal, they are strongly attracted to the electrons
surrounding them and are not easily removed from the metal.

Figure 12 Anapplied force External
causes metal ions to move through forcer

delocalized electrons, making metals ) 0 Metal is deformed. , \
malleable and ductile. , j Q/@ +j i) E —_— @ O @ ) ()
applied force causes metal ions (}) JJ 3 ? (\; v §
to move through delocalized f f 1) &) A
electrons, making metals ,;‘? ?\ , ) g g @
& B D&

malleable and ductile.




Thermal conductivity and electrical conductivity :

The movement of mobile electrons around positive metallic cations makes metals good conductors
Bhal s Juoge Sl Jazm drzgall ©UgI Jo= dldl g AUV &Sy

. The delocalized electrons move heat from one place to another much more quickly than the
electrons in a material that does not contain mobile electrons.
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Mobile electrons easily move as part of an electric current when an electric potential is applied to a
metal
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These same delocalized electrons interact with light, absorbing and releasing photons, thereby
creating the property of luster in metals.
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Hardness and strength

The mobile electrons in transition metals consist not only of the two outer s electrons but also of
the inner d electrons.
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As the number of delocalized electrons increases, so do the properties of hardness and strength
. For example, strong metallic bonds are found in transition metals such as chromium, iron, and

nickel, whereas alkali metals are considered soft because they have only one delocalized electron, n
s
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Metal Alloys

. An alloy is a mixture of elements that has metallic properties.

Because of their unique blend of properties, alloys have a wide range of commercial applications
Stainless steel, brass, and cast iron are a few of the many useful alloys.
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Properties of alloys;

The properties of alloys differ somewhat from the properties of the elements they contain.

For example, steel is iron mixed with at least one other element. Some properties of iron are
present, but steel has additional properties, such as increased strength Some alloys vary in
properties, depending on how they are manufactured. In the case of some metals, different
properties can result based on heating and cooling
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An alloy of titanium and vanadium is used for the bicycle frame

types of alloys:

Substitutional alloys In a substitutional alloy, some of the atoms in the
original metallic solid are replaced by other metals of similar atomic size.
Sterling silver is an example of a substitutional alloy. In sterling silver,
copper atoms replace some of the silver atoms in the metallic crystal. The
resulting solid has properties of both silver and copper.
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Interstitial alloys Aninterstitial alloy is formed when the small holes
(interstices) in a metallic crystal are filled with smaller atoms. The best-
Tnterstitial known interstitial alloy is carbon steel. Holes in the iron crystal are filled
Alloy with carbon atoms, and the physical properties of iron are changed. Iron is
relatively soft and malleable. However, the presence of carbon makes the solid harder,
stronger, and less ductile than pure iron
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Table 13 Commercial Alloys
ommoname |~ composiion | __uses
Alnico Fe 50%, Al 20%, Ni 20%, Co 10%
Brass Cu 67-90%, Zn 10-33%
Bronze Cu 70-95%, Zn 1-25%, Sn 1-18%
Castiron Fe 96-97%, C 3—4%
Gold, 10-carat Au 42%, Ag 12—-20%, Cu 37.46%
Lead shot Pb 99.8%, As 0.2%
Pewter Sn 70-95%, Sh 5-15%, Pb 0-15%
Stainless steel Fe 73-79%, Cr 14-18%, Ni 7-9%
Sterling silver Ag 92.5%, Cu 7.5%

magnets

plumbing, hardware,
lighting

bearings, bells,
medals

casting
jewelry
shotgun shells
tableware
instruments, sinks

tableware, jewelry




