CHEMICAL BONDING AND STRUCTURE
5.1
ionic bonding * transfer of electrons from a metal atom 1o & non-metal alom o form prsiive and negative charged ims With a noble gas electrenic struoture
metal atoms lose elecirons — positive lon (catton)
non-metal atwis gain electrons — negative lon (anion)

iomic. bomols : electrostatic fovces of atfraction betwesn +he pesitne and negahve chavged ions

€9 1: sodium chioride
sodium (metal): 2.9.1
chivring : 2.8.3
sodivm atom loses 4 glectron o form a sodiwmlon in erderwachieve a mble gas elecironic configuration [2.8]
chiovine atom gains 4 electron 1o firm a chioride ion in arder 4o achieve a mible gas electronic configuration [23.4]
theve 15 a transfer of electron from sodium atom v chivrine atom
10NiC compound is called sodium chioride — consisis of sodium lons + chioride ions
Na(2.3.1) = Na*+e-
Ce(a.0) + e —>CL(2.8.9)

e

€9 2: magnesium oxide
magnesium: 2.$.2
oxygen: 2.6
magnesium atom will lose 2 ¢lectrons vfavm o magnesiumim in order 4o achieve a mible gas electronic configuration [2.9]
oxygen atom Wi gain 2 elechans toform an oxygen 1on in order 1o ashieve a wisle gas electromc confyguration [2.3]
ransfer of electrons fram magnesium atow v oxygen akm
10niC compound is called magnesium oxide — consists of magnesium 1ong and oxygen ions
Mg(2:8.2)> Mg ™" +2¢°
0(2:6)+2e">0%

magnesium exide:

2% 2-

eg. 3+ calcium chioride
calCiwm: 2.9.8-2
chlorine: 2.8.3
a calcium atom will lose 2 electrons to form a calciumion 1n evder to achicve @ noble gas electronic configuration 2.9.8

a chiorine atom will gain 1 electron 1o form a chivride ionIn erder +o achicve a noble gas destronic mnﬁ'smﬂon 2.9.8
theve 1s a transfer of aloctrons from | calcium atom 1o 2 chiovine afoms

the ionic compound is called calcium chloride and consists of calcium ions and chleride ions

formation of calcium chloride , CaCt, i -
Ca(2.8.8.2) > Ca** (2.4.9) +2¢

200(2.8.3) +2¢”-> 2¢¢7 (23.8)

valence shell



eg 4+ potassium exide
potassium: 2.8.8.1
oxygen: 2.6

a pofassium atom will lese | electvon foform a pottasium iwn in order fo achieve a stable neble gas configuration

an oxygén ofom will gain 2 elections to fym an oxygen ion in arder fo achieve a stable noble gar configuration

there is a transfer of electrons from 2 potassium atwms to 4 oxygen alom
ionic compound is called polassiumaxide and consists of potassium iows and oxide ions

formation: ak(2.8.3.00=> 2K* +2¢

0(2.6) +ae” > 0" NOTE:
+ 2-
ionic compounds can be formed from nyn-metals 100
2
£g.ammonium ¢hloride
valence ¢hell

5.2

covalent substances arefivmed by covalent bonding

cavalent banding : shaving of elecirans betueen two non-metal atoms to achiere anoble gas electronic configuration

lent bond : the elect
number of covalent bonds formed betueen 2 atoms depend on he number of valence electrons being shared
if two aloms thaye :
awe pair of electrons, single bond is formed

0L-ce
40 pairs of electrons , a double bond is formed
0=0
faree paivs of electruns , a triple bund is fomed
NEN

single. covalent bnds._are fwmed between two non-metals by the sharing of one valence lectron by each atom
Nater H,0 ¢ methane CHy *

hydrogen chlovide HoL: ammonia NH, :

between the nuclei and the shared pair of electron betneen the tho atoms

double covalent bonds areformed betuten two non-metal atoms by sharing of twovalence elecirons by sach aom

oxygen 0,: carbon diexide o,

Triple covalent bunds are formed batwean the non-mietal atems by sharing three valence electrons by each atom

nitregen N, :

)

NOTE:
carbon monexide 15 a special case Wheve the oxygen aiom denates a pair of glectrons to the carben atom o achieve
a neble gas configuration. This i cahtd dafive bonding wheve the shared pair of electrons is contributed by wme
afom. In Carbon monoxide, the carbon atom emiy conivibutes 2 electrons o shave with 1o electrons from oxygen
atom. Anviher 2glectrons are contributed by te oxygen atom alone. s result fo tae frmation of a

triple bond Which is made up of one double bowd and a detive bond-




Liomic]
Structure & bonding

ionic. compounds form glant ionic Structures. They are arranged ina gian lattice ovderly arvangement) ov crystal lattice

tonic Compounds Consisis of jons held by sirng electrostatic forces of attraction between posthve and fively charged ions

N
lattice structure of sodium chlende

Hhe ions are arrenged In sush a Hay that each Na* jon is Surrounded by 8ix C™ is. Each 4™ ion is Survownded by 5ix Na* ions
yatlo of Na':GL™ = )|

fomula : NaGl

pugsical properties of ionic compaunds
jonic compounds havg Wigh moitwg and boiling pornts omd e wom-volatile, substances. these iane are held fgether by sirong electrosiahe atirachon betueen the oppositely chavged tons soa vt of energy
it vequived o bveak dowm the lathce Sivaclure
ion G compounds conduct elestricity i W the molren state ov dissolved n water (agueous state). In the melten ov aqueous state, theians ave mobile so electricel coduction 1s possivle
In the Sold sfate, the lons ave weid in fxed positions m the lattice structure so ionic compounds cannot conduct electrivity as theve are no free-moving charge camiers

Lowic compounds dissolve in inorganic Solvends (water) but nek in organic solvents Lethona], petrol, turpenhine)

Leavalent]
stracture & bonding
covalent substances have simple molecular structures or gant moleculor strugtures
43,05 simple molecular stractuves: nater, mgthane 8 carbon dioxide
¢g-of giant molecular structures: diamond, graphite
simple moleculay structure
~wolatile as a vesult of tueir low melting point and boiling point due v the waak intermolecular fovces between simple molecules ,very lithe heat enevgy ic vequived b overcome the intermoleculor furces
hewce these Simpie molecular substances have low builing and mathng points-ho
-most simple moleculer substances do not conduct elechvicity whether in Solid , liquid or gaseous state.. This is because thay do mot have {'m-mwmg ions or electrons tv conduct electricity
-most gimple moldcular compovnds are inSolublg in Water and Soluble In 01ganic Solvemts. Howaver ,alconol and suger ave excephons which ave soluble in water.Some Simple molecules  ¢g. water, chloring & hydrogen

chloride) dissociate nater

common simple molecular elements: NOTE:
-oomng [Br,)  -sulfur [£] exceptions Such as hydregen chiovide & ammonia which Can dissoiate n hater
- ehlovme LCL,] -Nlh-gcn[n,] v form ions, hence, able 4o conduct slectriaty due to the mobile jons fivmed

-Ionding L1,3 - Oxygen [0,]

-Carbon [C] - ozome [05]

§oMe Common Simple molgcular substances :
-ammonia [NH,] ~methane [cH,)
- hydrogen perexide [Hy0,]  -water [H,0]

macromolecules ov glant melecularsubstances:

arve ‘J '""6 e culo:
they contain billions of atoms per melecule
og of macro molecules :

diamond, grapite,silicon, silicon diogide Cailica)



glant molecular structwre of diamend
diamond *

boulln_’
comsists of anly carbon atwms

carbon afom

each carbon atom wses ll its four valence: electrons 1o form fowr strong Covalent bands with four other carbon atvms in  tetranedral avrengement covalent

bond

all the caveon atvms are bended dygetner by streng covalent bandsin o three - dimmensional lafice

properhes

one of hardest subsiances known fo mankind 1

carbon atoms are not able fo slide over each other because all the atoms are bonded togeimer by strong covalent bonds betueen carbon atvms in a glant molecular ghructure. which vequire large amount of energyto
break

very High metiing point & boling point -

a lot of energy is needed fobreak e many strong covalent bonds between corbon atoms

cannot conduct emmmy: NOTE:
each carbon atom wses all ifs valence electrans. for bonding. Hence , theve are no {ree-moving electrons 4o carry the electric cuvent thraugh the Structure " cavbon wses all s electvons for bonding and tus, unable to
use of diammand : conduct electricify” X {10 imnermast Qlectrons| of carbon are
- gemstones injenellery not involued in bonding

=synthetic diammonds produced under extreme pressures and temperatures are used as ips of drills and other cutting tools

~wsed fo drilling, polishing very hard surfaces

graphite +

covalent bond

bonlin3

carbon atom

only consists of carbon

allatrape:of-carbon: alletrope - different forms.of the same. clement, that s different arvanguments of atoms.] }__m:f"mm,: orces
condists of hexagonal layers of carbon adoms. the layer of carbon atoms lie one e 1op of the otver and are held by weak intermolecular forces

n each layer,

each cerbon atom uses only thvee out of its four: valence dlectrons v form dhree. covalent bonds to three other carbon atoms in a hexagenal arvangement
s forms hexagonal rings of six cavbon atws that join ogether 1o fwm 1o dimmensional flaf lnyers

properhies

gh meiting & beiling point

o lokof energy is needed to-overcome the numerous Strong covalent bonds. betneen carbon atems

aitvemtly soft substance

hexagonal [ayers of carben atoms ave able v stide over-each other. because the neak.| for fyvces:of abtraction betueen the lagers of carbon can be.easily overcame witw little eneryy
conducts electvicity

each caron atom uses only Haree. valence: electrons fuv-banding. Hence, there are free-moving delocahsed) electrons. coniributed by each carbon atvm wich can corry.the Sitctvic. cunvent betucen e layess in graphite

uses:

- lubricaie machine parts
-made info pencil lead by baking withclay
-used o make inert eiectrodes: for lecirolysis & brush es for electnc metrs

sihcon

b-ndlrﬂ

silicon has a giant moleculur: structure which is similar 4o diamond

each silion atom uses all four-valence: elecivons to fovm four-covalent-bonds With four-other: silicon- atoms

each Silicon atom is bonded tegather by strong covalent bonds in o three-dimmensional lattice



properhes

hard bl not as hard as diamend

mgh mettng & boiling powt

does ot conduct @lectricity but can be o semiconduct, Wtn there ave dmpuridies
silicon dioxide

hond\uj

silicon dioxide has o grawt moleclar stracture which 15 Similan: do diammond

each Silicon afem is bonded v four-otheroxygen-atoms in o-teirahed ral arrangement
cach sificon atom forms 4 covalent-ond - tvh oxygenatoms

properhes

hard bl not as havd as diamend

Wgh mathng & boilng powt Silicon dioxide
poov conduclor of glectnaity Key: @® = silicon

® = oxygen
5.5

Structure & bonding of metals
melal atoms have actendency o lose therr velence elecirons foachiese the cndolt gas cmﬁ,nmﬂm
metol atoms lose thelr valence electrans tv become posthvesions

delucalised electrong: valenct electruns no longer belong to any: metal avoms. They can movefieely among +he metal lons.

metallic bands ¢ the electrostatc fovces of attraction betwaen the yositive charged metal 1ons and 1he'sea of mobife electrons’

@®— Delocalised

® OIONOJOIC ke
@‘@ 0, O e
@5 @

physical properties

metals are uswally solids-af:room emperature. [except for mercusy which 15 @ ligad of voom {emp)

~most metals have igh metting and builing ot Therefore, they avecsoids ot room temp:

Ywis1s because «alotof -entigy s needed o break the strang electrosiatc forces of aMraction between th ¢ pasttweions and the'seaof defocalised tlecirns'

NOTE: {vansition metals like 1von and fungsten have high melting guints bt other metals like Those n Group:d and mevcury have Jenarally loner meiting and boilm3 points.
metals are Good conductrsof heat L electricry

metals have free- mw\ng electrons toact as mavije ehcvgt carriers to carry electrical carrgnt and heat en u”

free electron metal ion

— terminal / + terminal
NSV ¥ X R B
@
o ° S
/'. ®_l.

—_
flow of electric current



5.6

properties of metals
High density: atoms 1n o metel are usualy pocked as closely as possible [¢9-iron & coppar ]
malleable; ductile : regular avrangement of atwms allans them +vstide over ong ancther if an external frce1s apphied [eg. drink cans , aluminiumfil,copper wires]

conduck d“fﬂu&= Presence of Sea'of delocalised: electrons ding thedlathee of puiim'mhlum‘ [eg -copper wives, electrical _,mlsJ
(:-" m:i::g:)nh metals

:13:-":: ::!ne:::l“:;l::-z :-:vt ; strony metallic bonding and close packing of metallic ions * L¢3 -twngsten filament in hight bulbs]

Aloys:

alloy: awixture of metals and one or mere Qlements. Leg. steel containg mounly 1won 49athar with carbon anedl small amounts of other elemes]
alloys are genevaily :

“havder & stronger

- better in appearance

lower in melting points

~move vesistant o covrosion

brass : copper + zinc bronze :coppev+tin soldey s tin+ lead tainless steel : iron +ck nickel +covbon duralumin:aluminiam+ copper
uses : electric plug propeliers Joining electrical connections cutiery avcratt bedy

remork s hoﬂtv,shnrﬂu Hhan pure metals | hardey,stronger than pure metols lower metting pont fhon pure -t ov lesd | strong, durable ; resistant fo vusting (Cr,05 protective layer) | strong, hovd & lightuelight

pender:leadsHint copper+ antimony
uses : souvenivs

remorks  horder than puretin £ has move beautiful appearance

properties & uses of alloys

alloys are much stronger and havder thon pure metals

Yeason: pure metals ave malieal the vegalarly arranged Ingers of atoms canshde over each other eanily

this movement s knoun as shp

= ¥

[pure metalsare st because ayersof “atoms” cam s over ome amother ]

In the alloy structure, thesize of the aloms of the added clement is different from that of the main matal. Tmis will disrupt the regulor arrangement of the matal atoms and prevent the slip becouse atoms of different
sizes cannot shole over each other: Hence,alloys ave havder
dun’maz

metallic bvndlngn ionic bondlns

%‘%.%:@' . sodium cmwide (NaCO)
"@:@'% ®)

© a-12 circles, truching elo is okay
@ charge of cation veflected in drawing

@ mo. of delocalised electrons : mo. of cation x no.cfe” lost7.



5.%

noble gases, located in Group 18

properties why!

“low meiting & bailing potnts noble gases have o fullyfilled valence shell of eight electrons

- insoluble in water means that they donot lose ,gain or share @lectrons with other elements

- colowrless gases at room temperature ‘. unreactive , monatomic
- odour less
-inert/unreactive
uses :
Welium: 1o £ill weather ballosns, advertisement balloons and alrships
neon - make lights & advertisement signs

argon - fill tungsten light bulbs

xenw : used in vehicle head lamps



