
Alkanes
combustion :

(x Hy + (x+1)02 -> XCO2 + =H20

provideenergytoinitiatethehomoyt aradicals
Free Radical Substitution

n+1
Ct2(g) / Brz (g) ,

UV lig ->brief exposure as UV light produces X- radicals that

initiate chain reactions of propagation step to produce
more radicals for rxn to sustain

CH4 + Cer -> CHice + HCe

↳ Chalt predominates my excess CH4
mechanism CCt4 predominates wy excess (tr

Initiation
Ratio of isomeric pots

Ce - ratio ofpats calculated from number
of Hatoms of same chemical environment
that can be substituted to form a particular isomer

Propagation - different puts duechemical environments

ofIf atoms wis+- ->CHz + H = C

cris-c -43

H
· crz + Cf - Cl

4) n
->

CH3 + C ·

sub · Hiatoms give -entropropane while sub Hb atoms

se give 2-chloropropane

itto -Cuc + H

3 for disubstituted pat

· cricce + Cf-1 -> CHIC + C ·

444 de

termination (at least 3)

Aptey
-> Crz-c

citey. -> C - 1

y CH3 -> CH3-CHy



Alkenes

Reduction

- H2(g), Ni catalyst , heat

- Hzlg) ,
Pd/pE catalyst , room temp.

Br Br

Electrophilic Addition H--
Br Or

- Brz in cCly ,
room temp & -HtHBr-

- Br,199) , room temp

- HX(9) , room temp- > H-
industrial

- H20(g) ,
300%

,
Goatm , conc . Hypoy catalyst

&H- H
- conc. H2SOy , H20 , heat in

laboratory

carbocation onCwmore / least withdrawinnote

mechanism ↓

* Br + Br

Br

+But AtI

purple
kMno4 purple

kMnOy decol,

Oxidation
↑

decol ↑ brown ppt . of MnOz

mildoxidation : KMnOy , HeSoy(aq, Cold/ KMnOy , NaOHal

C= + H +[] -> H - C - 2 -H

purple
kMno4 purple

kMnOy decol,

↓ Wi
↑

decol ↑ brown ppt. of Mno-

strong oxidation/ oxidative cleavage : KMnOy , Hesoycad, heat under reflux/KMnOy , Naorcad, heat under reflux

or o11F = -> Con + H20

HO
-c -

Cop
+ [0] -> 2COn + H20

↳ cost
-

in alkaline conditions

R
-C= ->

R
- = =0

carbad R0 in alkaline conditionsH- HO-
-

↑ C =
-> =0 Ketone



Arenes

&H of hydrogenation of KE = -354k5 mol

&H of hydrogenation of L = - 208kJmol
+

diff in actual & expected value ofCH = 146kJmol

↳ resonance energy
-> measure of stability of benzene

due to delocalisation of its electrons -

Benzene

to prevent Fexs/AlXs from

ElectrophilicSubstitution undergoing hydrolysis w, water reacts with X2 to

si form FeX3

- Brz(1)/Ct2(g) , anhydrous FeXy/AlXs/ finely divided Fe catalyst ,
room temp. . Felts acts as Lewis

- RCt
, anhydrous Fects/Afcts catalyst ,

room temp. 3 acid catalyst by accepting
an electron pair from C2

- conc . HNO, (aa) ,
conc . H2SOy (aq) catalyst ,

heat under reflux at 55
°

C z

Hesoy acts as a Bronsted - Lowry acid

by donating a proton to HNOz

Mechanism (Lewis acid catalyst)

Alces + Chr = Afcep- + cet
or

FeCts + CHiCHcC E FeCtp- + CHsICH2

H CH2CH3

#
HXCH

CH2CHy

1
Fecet I # [Y + He + Fects

Mechanism (Bronsted - Lowry acid catalyst)

HNOs + H2SO4 = NOct + H20 + HSoy-

ToA tivo Slow -->

NOr

H H

methylbenzene,
Electrophilic Substitution

- conc . HNOs
,

conc . H2SO4 ,
30

°

C -> lower temp
: electron donating alky/ group ↑ reactivity S substituted at

- Brz(1)/Ct2(g) , anhydrous FeXy/AlXs/ finely divided Fe catalyst ,
room temp .

2, 4 positions

- Ce2(g) / Brz (g) ,
nr light (FRs of CH3 side charn)



Oxidation
- kMnO+ caqi · H2SO4 (aq) ,

heat under reflux
-> purple KMnO4decol.

- kMnOx (aq)) NaOH (aq) ,
heat under reflux -> purple KMnO4decol .

> brown ppt of MnO

CH2 CH2CH3 coort from excess [

-

+ 9703 -> [ + 2C2 +3420

CrIzCH3 coo-+
Oto] + 30H -> F + Gs" +4t

Further rxns for R-CN :

Alky) Halides
RX + NaOH - Ron + Nay Hydrolysis

- H((9q)/H2SO4(aq) ,
heat under reflux R- CN + HCl + 2H20 -> R-C004 + NHyce

NucleophilicSubstitution ↑ - NaOH (99) ,
heat under reflux R- CN + NaOH + H20 -> R-200-Ngt + NH3

Reduction
- NaoH(aq) , heat under reflux - - LiAtHy in dry ether,

room temp .

R - CN + 4[H] - R-CHINH2 -> Amine

- ethanolic NaCN
, heat under reflux - Na in ethanol

- excess ethanolic NH3 , heat in Sealed tube
- Hu(g) w/ Ni/pd/pt catalyst

↓
heat room temp

↓
110 amine)

CHyCHeX + INH3
-> CH3CHzNH2 + NH4X

CrcX +acobarizat - [CC)2N4 + CHICHNNsY

Sminetave : cryCHX + 2 (CHICH2)2NH-(CHycgN + <Cric)2NHeX
excess RY CHyCHzX + /CHzCH2)sN- > (CH3CH2)yN

+
+ X-

(30 amine) (quaternary
ammonium salt)

EnergyMechanism M

SN1 (mostly tertiary RX
---

CH3-C5e5 -> CH3-cit + -
tCH3

Slow
RXOr HO

X--------

CH3
>

CH3 CH3
RXn pathway

CH3-OH Aut CH3-C-OH Racemic mixture or

CH3 CH3 ↑

rate = k[RX] Hac-cityOh

#in
SN2 (mostly primary RX)

or
CH3

g-
vi: -> Tic-r] - Nc- + Br

Energy
↑

min RCN + X-

rate = k[Nn][RX]

4)HO

----

> Rx pathway



Elimination
- ethanolic Nor ,

heat under reflux

CH3- + NaOH CH3Ch ↑ NaBr + H20
H-H

major
HCH3

-c = c
-

H
Crz CHzC = C -H

H-CH3 minor

or
saytneff's rule : majorpdtiswitSeed

Distinguishing Tests

Find X in RX 2nucleophilisub o,
Method 1 : - Add NaoH (aq) , heat

- Add HNOs (aq) -> remove excess OH- /prevent Ag20 ppt)
- Add AgNOz (aq)+ form AgX ppt

R I -> immediate yellow ppt

R-Br -> immediate cream ppt

R- cl -> immediate white ppt

(8)- X -> no ppt
O

Il

Method 2: - Add ethanolic AgNOs/ethanolic silver ethanoate CHy-o-Agt
- warm mixture in water bath at 50%

->forms carboxylic acid

RI -> immediate yellow ppt

R-Br -> cream ppt formed after a while I rate of hydrolysis depend on

strength of C-X bond
Rcl-white ppt after a long time

(8)- X -> no ppt

O

Il
Find 19/2%% 3

° RX

- Add ethanolic AgNOz/ethanolic silver ethanoate CH3-o-Agt
- warm mixture in water bath at 50%

1 RX -> ppt formed after a long time - ethanol form hydrogen bonds w, H20 , hindering rxn

3 RX -> ppt formed immediately & - rate of Sv2 depend on LNu] ,
: ethanol slows down SN2

20 RX -> ppt formed after a while
,

thickens w, time
-rate of Sil independent of [Nu]



Hydroxy Compounds
Alcohols

Reduction -> very
weak acid

- sodium metal at room temp-

- does not react w/NGOH

ROH + Na -> RO-Nat + EHr
↳strong nucleophile

i
Condensation

->
RC-OH + ROH E RO-R

- carboxylic acid
,

conc . H2SO4 , heat under reflux

- acyl chloride
,

room temp -

- R2-ce + ROH- > R-0 -R + 42
↳ e . g. methyl propanoate

↓
alcohol carb acid/acy) chloride

Oxidation
i

->
10 alcohols -> R - C -OH

- K2Cr20+ (aq)/ kMnOplaq) , Hesoy (aq) , heat under reflux 2 alcohols -> R-C-R ketone
Y

- K2Cr20y 199) , H2SO4 (aq) , heat with immediate distillation 3) alcohols -> no rxn

↓
orange Kz[r0>

* controlled oxidation

turns green P alcohols -> R--H aldehyde
P

Elimination
- Excess Couc. H2SO4 , 170°

S follow sayzeft's rule
- Heat w, AtzOs , 350%

Nucleophilic Substitution (halogenation) preferred:can separate
nAs

- PC5
,

room temp (RX +Poc 3- soCtz ,
room temp (RX + HCe + So2) Cl

- dry HC
, anhydrous InCez Catalyst, heat under reflux

& * will undergo nucleophilic sub my alcohol
- PBrs (Brz w/ red phosphorus) , room temp. ZBr BUT NOT carboxylic avid
- NaBr

,
conc. Hysoy ,

heat under reflux

- I2 wy red phosphorus , heat under reflux
- Nal

,
conc. HBPO4 , heat under reflux 37

Iodoform Test Loxidation

- NaOH (aq) , In 199) ,
warm

Cry

R- C - OH + 4IntGNaOH -> CHIstR--oNat + 5 Nal + 5 H2O

i 4655

methyl alcohol

needed for rxn

(CHz can be CHcl , CHIz etc]



Phenol

Reduction
- Sodium metal at room temp-

#- OH + Na ->70
-Nat + IH2

Acid-Base
- NaOH (aq) ,

room temp.

& OH + NaOH -> FO)- oNat + H20

Condensation vic
I

- phenol w, pyridine as solvent -> for aliphatic acyl chloride +>
: aliphaticundergo

n drolysis

- phenol w/ NaOH as solvent -> for aromatic acyl chloride

Electrophilic Substitution 4
- dilute HNOz , room temp . Y monosubstituted
- Brz in CCly ,

room temp.

= conc. HNOs , room temp . I multisubstituted (2, 4 , 6-trinitro/bromopheno
- Brz (aq) ,

room temp

Complex Formation

- neutral Felts (aq) , room temp.

↳ purple colouration observed

Carbonyl Compounds
Nucleophilic Addition

- HCN w, trace amounts of NaoH/NaCN ,
10 - 20%

RIN
i

R- C - R3 + HCN -> -  - i
ketones I

Mechanism

NaOH + HCN -> NattCN + H2O

NaCN -> NOR + iCN

R-S #
H-CN

R

H- laston



cyanohydrin R-R Or

Reduction R - C -R
- LiAlHy in dry ether -

CH2NHz
- Na in ethanol
-

H2 w, pd/pt ,
room temp . /H2 w, Ni , neat

Or

Hydrolysis
-> R - C- R + H + + 20 ->- +N

- Dilute Hf(aq)/H2SO+ (ag) ,
heat under reflux IN

- NaOrcaq)/koH19q) ,
heat under reflux

↳ Or

I

R - C- R + OH + H20 ->R NH

IN

Oxidation
- KzCro (aq) / kMnOy(aq) , HeSoplag) ,

heat under reflux

↳ aldehydes -> carboxylic acid

Ri -H + [0] + R- -OH aldehyde 10 alcohol

It
Reduction

R -CP + 2 CH] -> R - C - OH
- LiAtHy in dry ether , room temp.

& it
- NaBHy (aq) /NaBHy in methanol , room temp. R
- Hz w, Ni Catalyst , heat/H2 w / pd/Pt catalyst , room temp . R-C + 2[H] + R - C -OH

it
condensation (rxn w/ 2, 4-PNPH)

- 2 , 4- DNPH ,
room temp

ketone
2

°

alcohol

H
↑

20NoR R Noz
aldehyde/ ↓
ketone

2, 4 dinitrophenylhydrazine
orange ppt.

Aldehyde vs Ketone Tests (oxidation) 2513

- Fehling's solution ,
warm -> brick red Curoppt ,

blue sol decol . RCHO + 2cut + 50H
-

> RCO2 + Cu20 + 3H20

↳ only aliphatic aldehydes
- Tollens' reagent , warm -> silver mirror RCHO + 2Ag

+
+ 30H

-

> RCO2 + 2Ag + 2H20

↳ All aldehydes Caliphatic/aromatic) the 2322

Lodoform Test Coxidation)

- NaoH (aq) ,
12 (aq) , warm

O

R-- Crz
+ 3 I2 + HNaOH -> CHIz + R-C-oNat + 3Nal + 3420

3433



Carboxylic Acids & Derivatives

Carboxylic Acids

Reduction
- Na (or any reactive metal

CH3CO2H + Na -> CHzCOn-Nat + EH

Neutralisation
- NaOH / KOH

CHyCO2H + NaOH -> CH3CO2 Nat + H2O

- NaCOz(s)/(aq) / NattCOs

2CHyCO2H + NazCOs -> 2CHzCOzNat + CO2 + H2O

Condensation

- Alcohol
,

conc . Hesoy ,
heat under reflux

i P
HaC-OOHH-OCHICH3 = H3C-"OCHICHs + HeO

Nucleophilic substitution (form Acyl Chloride)

- PCl3 , room temp.

PCtz + 3CHyCOcH-3CHsCOCt + HsPOs

- PCe5 , room temp.

CH3CO2H + PCts -> CHyCOCt + POCes + HC

- soce , room temp.

CH3COcH + SOCtz -> CHzCOCe + SO2 + HC

Reduction (form Primary Alcohol)
-LiAtHy in dry ether -> NaBHy/catalytic hydrogenation

not strong enough RA

CHzLO2H + 4[H] -> CHICHLOH + H2O

Oxidation (special cases)

- KMnO+ 199) , HzSOy (aq) , heat under reflux

↑Ou
+ [0] - CO2 + to

methanoic acid

-0 + [O]
-> ICO2 + H20

noout
ethanedioic acid

Acyl Chlorides

Hydrolysis
- H2O , room temp .

-Exce + He0 -> pro + He



Condensation
- Alcohol , room temp.

- Phenol
, pyridine as solvent Caliphatic acyl chloride

-

Phenol (NaOH as solvent Caromatic acyl chloride

i
+ H - NH2 -> H3C-

"
NHL

+ HCe

- excess NHs , room temp iP

i

it
IHsC-cl

- excess primary/secondary amines
, room temp. form amide

Hsc-ince + H -N -
Ho

-Cy
-

C3 + H2

Esters

Hydrolysis ~acidiscatalysta in m

- Dilute H2So + /HCe , heat under reflux (acidic hydrolysis)

HcychuchHe
-

not catalyst , takes part in rxn

- NaOH (aq) , heat under reflux Calkaline hydrolysis

Chec + NaoHa-Lovat + Cach

-Nat

Reduction ( not in syllabus , might be in data based)
~H

H-CHICH + 4[4] - CHICH2OH + CACHzOH

it * Extra rxn to form amine

RCH2OH
Reduction of nitrobenzene

H2(g) , Ni catalyst ,
heat/ In in conc . Hel ,

next under reflux,

followed by NaOH 299)

Nitrogen Compounds ·
- Non + 6 [H] -> <EYNH2 + 2H20 at room temp.

R2

Amines R-NH2/R
,

-H/RI-N-R,

Neutralisation distinguishing testforamiea solid

- H(f(aq)/H2SO4(aq) ,
room temp. ↳

&
amine salt can react w, alkali to form back amine

CHzCHzNH2 + HCl -> CHzCHzNHstce- CHzCHzNHz+Cl- + NaOH -> CHzCHzNHz + NaCt + H2O

- CH3CO2H (aq) (any weak acid)
,

room temp.

CH3CHzNH2 + CHyCO2H F CHyCHzNHst CH3 CO2-

Electrophilic Substitution (of phenylamine)
- Brzlag) ,

room temp .

NHz observations :

NHz ① orange ag. Brc decolourises

# + 3 Br-B Br ② white ppt . of 2, 4, 6-tribromophenylamine formed

Br ③ white fumes of HBr

2 , 4 , 6-tribromophenylamine
↳ last resort only



Condensation (to form 2%30 amide
- acyl chloride, room temp .

CHyCHaNH2 + CHzCOCt -> CHzCONHCHzCHy + HCe

#NH2 + CH3CHzCOCt -> <JANHCOCHICHy tHC

3 amine cannot undergo condensation

in

Amides R
,

-" N-Rs
R2

Hydrolysis
- HCe (aq) / H2SO4 (aq) ,

heat under reflux (acidic)

CH3CONH2 + HCl + H20 -> CH3COOH + NHiCe-

CH3CONHCHz + HCl + H2O -> CH3COOH + CHINHs+Cf-

- NaOH (aq) ,
heat under reflux (basic

CH3CONHu + NaOH -> CHzCOiNat + NHy
2 Distinguishing test :

10 amide produces pungent, colourless NHS gas ,

CH3CONHCHztNaOH -> CHzCO2NattCHzNH2 turns Moist red litmus blue

↳ exception for 20 amides

- CHzCONHCH3 For CHINHz lg

Reduction - CHyCONHCHzCH3 -> CHy CHzNH2(g)
forms

- LiAtHy in dry ether
,

room temp.

CHy CONH2 + 4[H] -> CH3CHzNH2 + H2O reduced
10 amide 10 amine C=0 -> CH2

CHy CON(CH3)2 + 4[H] -> CH3CHzN(CH3)2 + H2O I
30 amide 30 amine

Amino Acids (HuN -" -COCH)
R

zwitterion state R group can also contain - CO2H or -NHz group

HaNt- con HeN--cour Hav-"-count
CH2CO2H (CH2)4NHu

aspartic acid lysine
colour of color of

no of groups acidic/basic universal indicator litmus

- COCH > - NH2 acidic orange/yellow red

- COCH< - NH2 basic blue blue

- LOCH = -NH2 acidic orange/yellow red

think acidic : (wA/conj 1)
Isoelectronic point (PI) y
↳ pH at which amino acid no net charge CHN - pH < PKa

At high pH (pH > pl) At low pH(pH <pl) 4 protonated (COOH/NH3")
- amino acid deprotonated - amino acid protonated pKaz - think basic : (WB/conj B)
- overall -ve charge - overall the charge - pH > pKa

- more towards anode - more towards cathode ↓ -> deprotonated (200
-

/NH2)

↓ distance migrated acharge I
to find out which group protonated -> compare pKa of group to pH



Proteins

↳ formed via amino acids joined by peptide (--N-) links

- 2 amino acids joined -> dipeptide
- 3 amino acids joined -> tripeptide
->3 amino acids joined -> polypeptide

Hydrolysis
- HCe (9q)/H2SO4 (99) , heat under reflux for several hours (acidic)

Hur--R3

↓ hydrolysis
H R3

H3Nt-c-COnH + HyNt-cOH + HNC-Cot
it

- NaOH (aq) , heat under reflux for several hours (basic)

Hur--R3

↓ hydrolysis
H H R3

HEN-c-COn + HeN-D-CO + HeN-DO
PeptideSequencing
- just overlap as much as possible

Egl :

Cys-Ser-Len-Tyr-GIn-Leu 1 Tyr-Gin-Len-Glu

Solution :

Cys-Ser-Leu-Tyr-GIn-Leu : Sequence is

Tyr-GIn-Leu-Glu Cys-Ser-Leu-Tyr-GIn-Leu-Glu
123456 7

Eg2:

Ala-Gly 1 Tyr-Lys/Ser-Ala/ Gly-Tyr

Solution :

I 23 4 5
Ser-Ald : Sequence is

Ala-Gly Ser-Ala-Gly-Tyr-Lys

Gly-Tyr
Tyr-Lys




