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Unit 1 Chewmical Substances:

~—Nature & Benaviour—.
Chaper 4,
Carbon & s Compound

=» Cavbon - Jhe atomiC number of carbon is 6. Carbon attaing
ctabiliby  when iU has 4 electons n itS outeymopst

Shell - while it$ theévyetically pogsible for Cavbon to gaio four

electyons and form o, casbon Qnion; the pocess of Yemovin

electaons poses  Signiticant energy Challenges - Jhe gain 07 “Loss

of electyont profoundly inflyences the tormation of Chemica [ bonds

" Compound -

=) What {c Covalent Bond ?

» Carbpn Solvee thig iccue b3 chaving itg outer electrons with
othey Caxbon atoms

* IniS Sharing tacilitates both atoms in achievi
electro0n Con\figumb{ on to Noble 9ases

0\9 Q, Stable

o Jnis Sharing of electyore is teamed ac Covalent bonding.
= (ovalent Bond

& Formation of hydaogen Molecule
Jhe foamation of "o Hydrogen wolecule (Ha) occuss as two hydrog
otomS approach each othey closely -

In this process

- Each hydoogen atom Chases 1ts electson with the other ,
establithing a, covalent bond

-Jhis Chazing enables both atomS to fulfill their outer electyon
Shells » acnie v'inﬂ stablln‘iy-

~Jhe chemical eguation vepresenting this process ig

il == Hz +

H, wmoleCules

Chared. electaong



& Formation of chlowine Molecule (CL,) |
chlorine 9as (CL;) is paoduced thwough the combination of two
chloyine optoms:

In thig PTOLLSS

-Each chlowine atom contatbutes one electron , facilitating the
formation of a covalent bond:

-Ihis Shaved paiv of electrone to the ottet, ensuring the
Gtability of the wolecule

- Jhe chemical Zguation 'afep'o'esentf ng thie reaction 18-
Cl ¢+ Cl — CQZ

(CL----CL)

Single Covalent
Bon

Two chlomne g tome Chloyine wolecule

% Formation of ox ygen Molecule (02)
u)hgn two oxygen atome untile , they form an OXY9en molecule
(02) - |
Jms can be wepresen ted b;? l:)f
‘ir\cﬂicatmg the ‘tOmbinatio
tne  oxygen molecule

(O :O:O) = : oA
Double (ovalent « 2R I S
Bond . ,

Tw0 atome of T
O6XLygen 0::0 > 0=0

M.olecule

% Formation of Nitzogen Molecule (N2)
when o Mitaogen atoms join , they bond to produce a Mitsoge
wolecule (No) - Jhis ig ?e_fwesen ted by the Chemical equation
NtN=> N2 ((lustsating The combination ot two nitzogen atoms to
yield one nitaogeh "molecule

tN=N:
Tviple Covalent — aem
pond,

N3 0gen atpm Two atoms of
Nitro 9en

Chemical eguation 20— 02
two oxygeh atoms to produce




&)
% fowmation of Methan ( CHy)

The formation of methane (CHy) occurs when one carbon atom combines
with fous hydrogen atoms - Inis ProCest an be 9e secented by the
Chemical equatbion Ct 2H,—CHy - Ihis equation gignities the combination
of cavbon and hydzogen to produce methane-

“ Fovmation of Sulphua (Sg)
Elemental Sulfur forms (S¢) molecules thaough heabing Sulfus powder -
(Sg)ic 0 yellow Solid , intoluble in waber fut Spluble “in nonpolaz Colvents
and chemically veactive , used in vazious induStaial process and important
N biological gystems '

N
5/5\5

Ring Structuze of Sg Cvown Shape of Sg
Molecule Molecule

= Pmpezties of Covalent Bond

+ Covalent compounds have Low melbing and baling points due to
WeakK intesmopleculas forces -

o Molecules in covalent compounds ase held together by weak fosces
* Lovalent bording involves electzon sharing between atoms

o UnliKe ionic compoundS , covalent compounds don’t yield cha aged
particles , electzons are Showed , not transferred

=P Vercatile Natuze of carpbon

» Cagbon’s tetzavalency enables divesse moleculas Structure by forming
fous covalent bonds -

» Exceptional catenation adlows carbon to t0rm long chains , byanched



¢ Carboon’s allo(:?mp?? 3ields unigue torms  (iKe diameond s graphite
oraphent  tulleyenes” and carbod nanobubes each with “distinct
propesties and brvad applcations -

o 1somexism carbon comppunds exhiblt isomegism , with molecules
Chazing the Same tormula but differng in Structuze -

2

ALLOTROPES OF CARBON

o Polymerization carbon’s 2ole in pol

' mes toamation yields a variety
ot Synthetic materiakk with bro

d applications -

Diamond.
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=» Huds0Carbons - Composed of cawbon and hydsogen > cClasSified
by Cazbon - carbon vond. Matuze

(1) Satuzrated
o Jnese  hydedcarbons congist of cazbon gtoms
bonded excluSively by sirple bonds:

* Example - AlKane S
(2) Unsaturated

o In these hydrocazbong , carbon atomg ave
connected by 0s double or triple bonds-

oExample - RlRenes , Alkynes -

| |
ALKanes

- RlRanes , also Known as paraffing , are hydrowabons whese in
oll carbon atoms aze Linked by Single covalent bonds
-Jney adheve t0 the general foamula: CAH2N 12 -

i [
AlKenes

-Unsaturated “Hhydrocarbons with at least one double bond
along with single bonds are called alkenes or olefines .
- ieneval formula: CnHln , where N 74

AlKynes

-Unsaturated hydsocazbons with one oy wore triple bonds along

wlith Single bonds are alkenes
- eneral formulg @ CnH2nN -2

=» LUPAC Nomenclatuze Of HydsoCarbons

LUPAC (International Union of Puze and Applied Chemistay)
nomenclature is o systematic method used to name organic
compounds » including  hydzoCazbons -

1> Alkanes (Saturated Hydrocarbons)

s End the mame with C-ane’

s Numbey the cazbon atoms in the longest continuous chain:

» Identify and. mame an%\ substituents (Side brancheg) -

e Combine the names of the substituents with the ¢chain Mame -
. Example - CH3CH2CH2CH3 is butane-



03
Foymula Formula

CH3 CHa CHa CHa
CHyCHa CHa CH, (Ha
6 | Hexane | CeHw | CHo(CHa)yCHy
CHy CCHy) 5 CH

% | Ockame | CgHig | CHy(CHa)eCHy
T4 [ Wonane | Ctabao | CHaCCaaCHy

CHa(CHs)g CHy

2> Alkenes (Unsatuzated Hydrocarbons with Double Bonds)

» End the mame with “-epe” |

o Number the carbon atomg in the Longest continuous chain

o Udentify the Location of the double “bond and include it in the
Nname -

o Eyample - CH2 =CH-CH3 (¢ pwpane;

3y AlKynes (Unsaturated Hydwocarbons with Triple Bonds)

o End the name with “-yne” |

e Numbey the carbon atoms in the bongcst continuoul chain -

- Ldenti{:g the docation of the triple bond and include i1t in the name:
o EXample - CH=(C-CH2-CH3 is propane -

7

- Steps oy u)ribir)j LIUPAC Namedg =
D ldeﬂbi%q the fongest carbon Chain: > Follow LUPAC wule g

. Locate the Longect continuous For maming thydroCorbons,
chain of cosbon atoms in the especially alranes, enSuting
molecule. Systematic and unigue

Names hased on gtyucture.

D) Numbey 6f Ccazbon chain
 Number the Carbon otoms n the
chain £¥0m the end that gives cubstituents the lowest numbers

3 1dentity ond Name Subgtituents
e Ldentifg and mame_any subskituents (groups atbached to the
main cCrbon chainl.



W) Combine  Chain and  Substituent Names :
o Lombine the names ot the main carbon chain and Substituents
alphabetizing them .

5) Add Prefixes and suffixes
o Add prefixes and gsuffixes hased on the type of compound
LalKane, alKene s a!llg 06) '

Examples

L'i) CH&CHZ CHZ CHzCHg
. Longest chain = 5 carbon atoms (Pentane).
e IUPAC Name ' Pentane-

Cii) CH:,}C H, CH,(OO0H
o Longest chain: 4 carbon atomg (Butane)
o Substituent ' COOH Ccaarbméy).
e JUPAC Name:Butanoic acid-

(iii) CH, = CHCH3
o Longest Chain * 2 carbon atoms (propene)
o IVPAC Name : Propene -

(iv) CH4 CH, CH, COOH
. Longest  Chain @ 4 carbon atoms (Butane) -

e SubStituent * COOH (corboxyl).
o JOPAC Name : Butanoic acl

= DTawing Structure Of Saturated and Unsatuvated
Compou NAdS .

1- Connect A1l Carbon Atoms with Single Bonde .
o Ubilize Single bondt to connect all cazbon atoms together with
in the wolecule

2. satisfy Remaining Valencies of casbon with fhydwoen Atoms
o Atach hydrogen atoms to each carbon atom to Complete their
valency -
. Ca'abo%atgpicallg forms 4 bonds owing to & U Valencies-

5. 1f Available Hydwogen Atoms ave Ingufficient:

o In cases where the available hydwogen atoms are insufficient o
fulfill cazbon’s valency , employ double or triple bonds to meet
the 7€ mair)103 bonding Teguizements -



H H
| | | IS vepresents o Straight -
= ==l o (—M C,Vgam a,ll«((?lhne,o wgrhdtht'éeetg)a'fbon
| | atoOMs ea 0nde 0
|-|-| H H = hydrogen atoms. Jhed Caxhon
atoms Q¥€ (onnected b
el formua E T G
N Ple Jhi¢ vepresentt an alkene with
C ={( two Carbon atom¢ and a double
4 C=C0 ™ wnd between them Each cavbon
atome i< bonded to two hydiogen
Structural Formula at,oms -
oy Ethene
1 . .
| hi¢ is a depiction of a three -
H-(=(—(C—H cavbon alkyne - Jhe triple bond (=
|

> 18 between “the firet and Secon

(aybon avoms: Each Cazbon atom
Structural Formula i alco bonded tO One
hgdﬁogen otom -

fOr PIOp yne

Lyclohexane 18 a cyclic
alRane Comprising a SIX -
carpon 7¥ing with’ each carpon
atom bonded to two hydrogen
EZ2 atoms- Jhe bond anglés with in
the 7109 are appyoximately 1095
degwees », contripbuting to 1S
Ctable and cymmetaical
Craucture

Structuzal Formu|q
ot LyClohexane



dhic depiction illustrates

1 benzene’s Stable and symmety -
| . .
C icol ving styuctuze composed of
H\ TN /H SiX Carbon qQtoms - Jhe cicle with
G C In the hexagon Symbolizes the

II | =2 delocalized “pi eléctrons emphazing
benzene’s veconance Structuze
Each carbon atom (¢ bonded +o one
hgd’b’ogef} atom, and all cq¥bon
bondt (N benzene are
Structura| formula identical

for benzene

=» Functional Groups - R tunctional group & an atom o7 gaoup
ot atoms with"a carbon compound
that imparts reactiviby and deteyminec (tS Chemical propesties
when o ompound Contains a tunctional group , it i¢ denoted
10 Eh%_compound’s name thaough the use of either a prefix o7
0. SUttiX -

L4, =By
Halo - (chloro /bromo) | (Substitutes fod
a(Kane hydsogen atom)

L Alchoho uffix - oL

H
9)] Aldehgde _C\/ cuffix -al
N0

1. COWbOlgliC Acid (||) Suttix - oiC
—C—0H acid

= Homologous SerieS - R nomologous sevies vefers to o collection
| of orgamC compoundS Charactevized b
Cimilay Styuctuzes and chemital behaviousd with inthis <eriex,
cuccessive members  diffes by the addition ot o tommon (H;
qyoup - For instance (H3, C2H5 and (3HT exemplify Such a Se7ies:

PretiX - chloro




e Al members Shaze o common ogenexol formula -

e Jne dictinCtion between gsucescive members involves the addition
0t o (CHy qroup

o+ Two adjacent members vary by the moleculas mass of CHy

o while not necescarily identical 10" physical properties, all membpens

demonstrate ang logous Chemical [E”o'o pexttes-

=P Structural IsomeriSm - Structural 1somerism wefers +o
o ComEour)d.c. Shoazing the same molec-
uloy formula  but exhibibing  distinct  arrangements of atomd

A7 bondS with in theiy Eructyres.
g
H-C—C—(—C—H
o 1 1@ |8
H H H H
N - butane

2-methyl Propane
T¢obutane (C-N.)

=» Important Cazbon Compounds
Ethanol (C.Hs0H)

* A Lguid wmpound that is soluble in wakber

o Often weferred to simply as alconol , it Serves as an actire
Ingredient | .

+ Renowned for itK excellent  solvent paopesties , ethanol finds

widespsead use in various wedicines such as tinctuse , iodine ,

cough gyrups and mumerous tonics -

Acetic Acid (CaHy02)

» Lommonly veognized a¢ acetic acid

o A Colut®n containing 5-81 acetic actd In wates is Rnown qs
vinegar and is utilized as a preservative in picKles:

» Withw melting point of 290K, it tendS O Solidify during wintes

: Cajadboxg IC acid¢ , including acetic acid oxe clasified weak
ac{ds -

=» penatured Alcohol - Deinatu ved alcohol € a type of
| . aleonol intentionally wade unfit
foy consumption in Cignificant amount due 60 it< farmtul




&

erfectd on health- Overconcumption of alcohol can diswsupt
metabolic {functione and depzess the centyal nervoy$ <ystem
Tesulting 1n problems Such as mpazed Coordinaton 003_
ATOWSINELS - To detey misuse , alcohol 1S deliberately modfied

by adding toxic Subgtances UKe wethanol and pgpnd 0¢ ; &lONY
With woloyred dyes- Ihis altered version ot alcohoT 4 termed
denatured alcohol , is specifically formulated to discourage
INgest(oNn-

=» Chewmical Properties ot Carbon compounds

1. Combustion | |
Ccombygtion involves chemical veactions weleasing heat and

Lght
v Carbon Combustion @ C(S t02(9) — 02(9)1 Heat tLight
W Hydzogen Combustion : CH4(9) t 02(9)— 0209) FH20(9) + Heat + light

' Alcohol combustion : CaH50H (3) +02(Y— 02(9) + Ha0(9)+ He%)tb+
{9

Flounes vary with the type of tuel and OXYgen availabf”f:j |

»Saturated Hydsotasbons - Bun with a clear blue £lame in
0'.)0:1360

o Limited Oxygen - Results in a sooty flame for Saturated
hyd¥ocorbons

o Unsaturated hydwocazoons - Buans with o yellow flame and
significant Smoke

o Reyocene ' Produces o cleas s blue tlame with Sufficient OXY9en-

). Oxidation
Carbon CompoundS weadily oxidize during combustion

o Limited oxygen 2C(8) +02(9 — 2C0(9) (Forming carzbon
monoxide)

o Excese Oxygen C(8) + 02(3) — Co2(9) CP"’Odadgﬁ Cazb0n
Dioxide)

Alcohol Oxidation

o AlRaline KMno4 and acidified K2(2207 Sewve as oxidizing
agents 5 providing oxygen fos the oxidation process




&)

3. Addition Reaction

* In the presence of catalysts Such as palladium or nicKel
unsatusated hydsocarbone Can undea'go add(tion veactions
wheze in hydsdgen & added ) yesulting in the creation of
Satuzated hydsoCarbons - Catalysts are materials that
enable a weackion to occus dt a dittevent yate, without
undergoing any change themdelves in the pProcess

£ Hydvooenation Reaction

Jhis methpd is utilized in the hydzogenation process of
vegetable oils usually contain lengthly unSaturated Casbon
chaing , while animal fats ntain Catusated casbon chaing
Caturated wocd_,{:vyj acids , prevalent in animal tats, are often
associated with advesce health etfects

U- Substitution Reaction

A Substitution eaction (s a chemical procesc in which one
functional gwoup in a chemical compound is exchamed with
anothey  functonal gzoup-

CH350H + HBy — CH3 By t H20 + CHY + CL2 - CH3C[ +HCL

Inthese veactions, one functioral omoup s cubctituted foz
anothes , 7€sulting in the formation “of mew compounds -

= Reactions of Ethanol

()Sodium Reackbion - when two ¢odium atoms weact with twoO
‘ molecules ot ethanol LCHBCHon) s cocdiUm
ethoxide (CH3CH,0-Nat) and hydvogen 9as (H.) are produced-

(1) Unsatuvabed Hydwocarion Foamation - Undey the influene of
hot (oncentrated Culfuric
acid (H,804) , ethanol (CHACH,0H ) undCrge Q. dehyévatlon
reaction » Yieldin etgg lene (cHy =CH, ) and wabte ¥ CH,0)-
Jhig  dehydration f?noc ¢ ¢ facilliated Y 1,50y 4 acting Q.S
CL de,hgd'o'ablﬂﬂ oge.r)b by removing wa tey “tom the veaction

=» Soaps and detergents - Soaps Consist of sodium oF
| potassum saltt of long -chain
cagboxylic acids- Jne lonic end of e Spap distolves in water
while e Carbon Chain AdiSsolves 10 oil-




Hydrophobic tayl Hydwophili
O hen
Ha  Ha  Ha Ha Ha Ha Ha ]
/C\/ \/C\ /C’\ A /(’\ /C\ /C\ Nod
HC C  C C C C C C 0 —
H, Ha Ha Ha Ha Ha Ha
De,te'agen S wmmonlg consist of ammonium 0% Sulfonabe Salbs
desiveéd t¥Om Long-Chain  carboxylic acids: '\’
Ay .
Cleaning Action of SoaP var G O
NQ
o Much of the dixt encountered ic Otly ’ - |
and oil doesn’'t dissolve weadily in O { BoononnnnQ O
water - Avop|
S E
Soap wolecules o6Tganiz€ INtO ¥ o
Stauctures Knowh as wmicelles O A& C
o1
o With In wmicelles )one end alighs wikh e FO‘JG’UJO(OO O’F
ol dwoplel while the othes ionic end faces Micelle
outwazd
o Soap moleculeS 5 in the form of micelles , occupy the core of these

Ctrdctures.

¢ Jhese mice(les Jxmst as a. colloidal Solution , preventing theiy
agyseqation and precipitation due to ion-1on wepulsion

o Soop micelles ave of Sufficient cize to ccatter Yight, vesulting
inthe cloudy appesance of a ¢oap Solution

=% Havdness of Watey

o Hard wates hag high minexal Content , formin Y scum  when combined
with Soap due t0 Cakium and whagoesium Salts

o Soft watey lacks Significant calcium and  wagnesiu®  Salts,
avoiding <Scum {ormation with Soap

o Detergents ; wade of ammoniym 6 Lulphonate caltS, do not
form “insoluble precipitates in hard watey , maintaining
effectivenese -



