mmumw
————— -!ll--lr-_-ll.1—1.--1-1*--—-——"_"_‘_"_-_--‘_-'.-“'ll
Rarmamos o Ay Myossges Soiohate (s ton Reacten! __h.?:?“..:;.
Comgition: Coid come. #6050, (-200) !
Reaction: = e rCHaON - M50 — RSN - MO |

Progyl Syt ogen sulphale

— i —

Oeashas:
¥ T OTEERETOT 0T QNSO Bl DA Rl NS B
I Primany 2ioonol = Aldeyee —» Crbowyln asid !
[ Orira0Nn0s = (MO » CHRCH:COOH |
. Propanal (aidetwdd)  propanax 20d

i fatowerg athenes
L= 2=

repanal i anniized

2%

B og i) O, = ONON{CH, ), !

I

CH =CH—CH-CH '

: - |
oH E_'-,.;

Emetyl--butens

|

¥

|

Correomon J-Mtetmybl-buteme o the rght siructune [
CH,—~C=CH —CH. r

CH, |

Zemethyl-Z-butens .

B e L Ea = A o l
Ars Ths s motooreg] Brmay be 2 S-Emethyi-2-hexene, Ir
]

|

|

1

|

1

[

]

|

P

I

}

3 - 5 i 1
=0~ — CH — CH, —LCH, |

e T
g] Ghethe dehysrohaisgeration reaction of bromopropane?
Ans. 04 -0OH —OH -Br-K0M_

- -
= —0

LS

—== (M, M =CH. -KBr-H.0

= e
18] Canpropancl undergo debydration? If yes give reactions involving dehydration.
lams ves, O -0t ~0% —OH—235r a0 —on-0¢ -1

T

STRUCTURE AND REACTIVITY OF ALKENES

Structure of Alkenes

e Ethens {CH] S the simplest 2lhene. Each carbon atom in ethene is sp® hybridized and forms thee
eguwaisnt 557 hybrid orbitals which g in the same plane. The unhybrid p orbital fies perpendgulr
5071 to the pisne of hybwid orbitals (as shown in Figure)

e Thess s oroitals are formed by mineng nf‘the 25 arbital with two 2p orbitals l2aving one unhybrd§
griital In sthens, sach C3r00n uses two 5p° orbitals to form two C = H bonds each. The remaining &
erbital on each carbon o uted to form a carban-carbon g bond by linear ov erlapasin Figure

+ Ths unaiybrid p-orbitals of each carbon atom which are paralisl to each other overlap laterally to &=
angther carbon-carpon bond This bond formad by Lhe lateral ovarap of p-orbitals is called a7 bond

-—
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CIJ Interesting Infermationt
Plarty produde ethene 25 & natural ripening i/
hormone. For eMcescy Panertep and 1
tramiporation to marel  Ioits aed A
vegeladien are often pohed wnpe and |
evpaied 10 elhene w0 they could npen in
SR tame
i Rk
@ LS | T
J
- == |
. )
wH
Thie set o oebutals 507 & p - o
s The two carbon atoms forming a double bond and the four atoms attached H H
directly to them lie in the same plane. The remaining p-orbital on each — /
carbon i usad to form the & bond, a0 ¢ C
« The sp’ hybndization results in a tngonal planar arrangement around each /U \
carbon atom. The bond angles are approximately 1207, leading to a planar W M

moiecule as shown in Figure.
Figure: Strusture of elhene

= Reactivity of n
Comparison of Reactivity of Alkanes and Alkenes: Alkenes are
maore reactive than alkanes due to the presence of the double bond, @
The probability of finding electron is away from the line joining the - ll“k____Tw Mind!
rwo nuclel. Due to this reason m-electrons are less firmly held | 3 Ditferentists between electrophiles
between the nuclei. A = bond is, therefore, 3 weak bond as S a—
compared 1o a o-bond. During a reaction it breaks comparatively easily rendening alkenes as reactve group
of compounds. Moreover, the loosely held n-electrons are more exposed to attack by the electrophilic
reagents. Alkenes, therefore, u o electrophilic addition reactions very easily,
& Did You Know?
. . R: = s @ Rock Your Mind!
lectrophile i 8 spedaes that can st a1 eleciron paie = e
scceptor, B b represented by E° Alenes act as 4. Which of the fellewing s not &
nutleophiis because They contsims pi electrom it
Nucheophile is a species that can aCt a3 a donar ol 3 (A M0 (8] M5 *
pair of electrons, it is represented by Nu™ () BFy 1B Wty
| M} QUICK CHECK 1.5 |
'a} How does analkane differ from an alkene in stabllity? '
| Ans. Alkanes are more stable than alkenes because: |
i »  Alkanes have only single bonds (o~ bonds), which are stronger and less reactive. i
- = Alkenes contain a double bond (o' m bond), the rt bond 15 weaker and more reactive, making alkenes .
less stable
! b)  Which of the following species is likely to act as a nucleophile? Why? !
1 0H i) H* iii) oW~ |
* Ans. Til) OH '
! Explanation: !
| Nucleophile: |
I A nucleophile is a species thal donates a pair of electrons to form a bond :
| . OH hasa lone pair and a negative charge and is 3 strong nucleophile_ _ _ _ _ _ S



3 Chapler 11 3 “W'“H'bm
— —— - — - — i — i — O ri— -
1)~ Winich gl the tallowing species is ikely 10 act as an electrophile? |
! i, i me i) GW "
o Ans, 1)1 |
I Faglanation b
; Nocdraptilles are slection-deticient specing thal “actept elecirons” {Lewis acidz) !

— e e e —

Tre reortiang gl albenes muJ"f prffﬂ'd Thirnugh the formation of f,arb-x-sllum Th!‘"'iﬂftr belore 5
additie e roartigne ol aleepes, the concept of carbgeations and their stabilty 5 vory Imponant

=

1" uns an einpty :I % m- bl!il ur-l‘.t “HIEIE\II“‘H“ ul«ﬂmn-,

JH.Idyinﬂ th.:

Carhocation Stability and Inductive Effect of Alkyl Group

Cartyeatinn i an allkyl group with a single pasitior charge on one ol iz carbon atoms,

Clasiiflication: Cartiorations are classilied inte loliauing typrs

I Methyl Carbocation: Carliscation which i banded 1o M only is named as methyl carbotation

i Primary 1% Carbocation: If carbueation bs banded 1o ans € or alegl substituent then it s Natred 4
prmary 1" catincation

Wi Secondary 2° Carbocation: I it Is bonded o 2 carbons (aliyl substituent) dicectly, then it is namey 4,
wenndary I* carbacation

ke Teriary 3* Carbiocation: It i named a3 teriiarg 3* carbacation il i iz directly bonded to 3 carhons Lty
suliatituent),
RFale of Inductive Effec:

The wodustope elfect of alkyl groups plays an imporant rabe in the stability of carbocaton, The palarization

Gl a5 tmhd due 1o electron withdrawing or electron donating effect of adjacent groups or atoms
roferred 1 a3 Induttive olfert

Electron Gonating Inductive Effect: Alloy| groups havn & stightly electron donating inductive sffect, Electrgn,
Aunating specws, ate s 1o have positive inductive effect [+1), whereas electron withdrawing species,
fuch at a nalagen atam, have o negative inductive effect (=1).

The aie gl proups attached 1o thee pastively charged carbon atoms are electron donaling, groups. Due o the
praitiee tharge gn the carlgn atum, carbocation is electrophile. The inductive effect is shown by the

ar eearhmags on the bands 1o chow the alk-,-I proups puthing eloctrons towards the pd*ﬂmel'f charged carbon
H R

M e B -

;

E ¥ é
O & P—LH £ R=LCD

H H

Matriyl N abeyl group 1% Cne allyl group 2% Teo abyl Greups 30 Theae alkyl groups
tearnting alacirar donaling electrons  donating eleclions ganating elactrons

b i subiy e

Figure: inductive effect & stability of carbocation
| A el this, the carbocatinn Uecome lest pasitieely charged which makes it energetically more
wlabile The ttabuling of tarbiocation iung intreases with a number of alkyl proups due (o their + effect. This
e G DRt Terliary carbocslion s the moststabile as they have thres electron-donating alkyl groups which
energetically statniize the carbocation Flpure

Eluctran withdrawing Inductive Effoct

result

Lns positive charge than C

Electean wilhdrawing groups, such as a halogen atom, ﬂ r‘“" sicclronegative
have & negative nductiee  effect  [=1). Halogen et e
withidraws bonded slecirans feam carban to carbion E———G_warwf-f

Beeid and this disglags regative induetie effect. This .

Cavitt a pErmanent dipoke (o anize in the molecule
wehiorein The halogen atom balds a negative charge
arcl carbon Betome gartlal positee Fgure,

Electron defiaent G, puiing
elnctrons fram © -C, covaient band

["Ml.':ru elnctrgnegatie

!'I-qu" Bnedietgn afibert Polgegaton of wapmg Land
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REACTIONS OF ALKENES
"'":::a_r; uniaturated hydrearbons and they undergo elecirophilic addition reactions mostly. Other mincr

?‘,‘,,.rfzacmns mclude oxidation, combustion and polymeriation reaclions.

s raphilic Addition R
The reactions in which an electrophile is added to the double bond of an alkene is called electrophilic
ghditian reaction

, Mechanism of Electrophilic Addition in Alkenes

e € = Cin alkenes is a region of high electron density making susceptible 1o attack by electrophiles.
alenes 1eacls with an electrophile to give a carbocation intermediate that then reacts with a nucleaphile.

a the generalized mechanism Figure, X" represents an electrophile and ¥~ represents a nucleaphile.
ﬂ\‘cmm
H
N s

\f‘:n&fﬂ e e
£ Fal e
Y&nudlnphﬂe
H H H
Jlt-;-}!:—qia')—_.. —

H H

H
>c—:<—*r
ERPIRTRS . . G*ﬂ"l“ﬂdm!dnnhmdwn:

[ . [M| quick cHeck M6 !
],,; How do alkkenes react with an electrophile? |
1 dps. Alkenes react with electrophiles through electrophilic addition. The general steps are:

Aps. The stability of carbocations fallows 3° > 2° > 1° due to; i

1. Hyperconjugation — More alkyl groups donate electron density via o bonds, naﬁumwm!
charge.

2. Inductive Effect — Alkyl groups are electron-donating (+1 elfect), dispersing the positive charge. !

3, Resonance (if applicable) — Delocalization further stabilizes the carbocation. |

3" carbocations have the most alkyl groups s, providing maximum stabilization, while 1% has the least.

[ oo v oty pevare :

| L Ih-uhapt!f L'Inlyl  the mechanism of halogen addition and hydrogen halide addition will be learnt.

i

| 1. Attack by neelectrons: The alkene's n-ebectrons attack the electrophile (€°), forming a carbocation |

' intermediate i

[ 2. Nucleophilic attack: A nucteophile (Nu®) altacks the carbiocation, forming the final product. :

'[ Example with HBr: |

i «  Stepl:n-electrons attack H*, forming a carbocation. '

| «  Step 2: Br attacks the carbocation, yielding a bromoalkane, |

1 Key Polnts: '

| «  Follows Markovnikovw's rule [H adds to the less substituled carbon), !

E * Carbocation stability determines the major product. |

' H ﬁ_\ T T H T '

! \c= / Himme B —-H—E—G—H—FH—-é—C—-H E

g N\ b | @ i ]

{ |

f " » M K"rilfe 1-Bramosinane :

H! Akl hatede !

|8} Why the order of stability of carbocatlon is 3° >2° >1°7 |
L}
|
I
|
I
i
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1. Halogenation

Halogenatlon means addition of halogens like chiorine or bromine. When bromine water (3 gy,

bromine in water having red-brown colour) is added to ethens in an ingrt m1v¢@ ke carbon ‘Hlau@ o

its reddish brown colour is discharged at once. This reaction i used to identify the unsaturatign o

erganic cempound - -
CH, =CH, + B, —*+Br—CH, - CH, ~Br

Mechanism:

The above reaction proceeds through a three-steps mechanism as given below:

i} Bromine (8r,) is a non-polar molecule, however, when 3 bromine molecule gets closer 1o thy 4
bond of an alkens, the high electron density in the double bond repels the electron pair in Br-g,
fram the Br atom. As a result of this, the Br alom closest 1o the double bond 15 slightly positie '::

as an electrophile. and
H\ ;H Elecirophile =
o ST
/c E.:c\ {_é; S B
H H Induced Dipols
The double bond repels the elecirons
High area of efectron density away from the closast Br alom

Non-palar molecule
fi] The & bromine of Br, is attacked by the  electrons in the double bond and the partial oy,
bromine accepts a pair of electrans from the C = C bond in the alkene. This results in the h'mil‘-ﬂhqu
highly reactive carbocation intermediate.
fii} This carbocation intermediate reacts with the Br (nucleophile) to make the praduct. Mechanism ,
shown below Figure.

Mechanism:
Primary
carbocabion’

AR w104 1T
Hf ﬂ \-I é, 85? Ar a.!

Denates slectrons pair to Br° 1,2-Dibromoethane

Figura: Electrophitic addition meshanism of ethene and Br,
1  Hydrohalogenation
When anafkens reacts with dry gaseous hydrogen halide at room temperature, the product is a halogenoaliuns.

CH, =CH, +HBr ——» CH, = CH, - Br

Rwara B ¥ g

Hydrogen halides are among the simplast examples of polar substances having permanent dipoles that add
to afkenes Figure 11.15. All hydrogen halides (H8r, HCL, HI, HF) give this reaction and add across C=¢
exactly the tame way, But, the rate of reaction increases from HF to HI. The actual prodect fomed
depends upon whether the alkene is symmetrical or unsymmetrical.

+—
5=
——Br
Pulls ihe slactmns mone

Electrophile | ntrongly lowards itsalf

Haw lower slectronegabnily than
Br 5o is slsctron deficsnl

Flgure: HEr malecule polarity
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[Ecercias L O 5

pescribe the mechankim of electrophilic addition of hydrogen halides 1o alkenes. Discuss Markovnikov's
Rule in the conlest of hydrogen hallde addition.

—

1l

|

i3
| Ans. Order of Halogen Acid:

e — e — e —

addition ta Symmetrical Alkenes: When the alkene [eg, ethene) (3 symmetnical only one product 1S

theoretically possible. Let us logk al the mechanism of addition of HBr to ethene

pechanism:

I, Nucleophilic pi-bond attacks the hydrogen in hydrogen halide. Hydregen bromide gives a bromide lon
(Br}. Ethene is converted Lo carbocation by adding hydrogen to ane of the double banded carbans

#l. The bromide lon (nucleophule] attacks the carbacation 1o give the addition product Figure

H H H H
\c—-c‘/ 5 By i C :1. H H l G—H
= == D PR S ¢ P J—  —
N\ h s
H H o Hobr
B 1 Bromoeinane
Alnyt halete

Figure: Blectrophille addition mechanism of Hikr to ethene
addition to Unsymmetrical Alkenes: When the alkena is unsymmetrical, two products are theoretically possible
for example, the addition of HBr 10 propene can give two products. But experimantally, it has been found that
under these conditions, the major product i 2-bromopropane and the minar product is 1-bromopropane.
Markevnikov's Rule:
tAarkovnikov's Rule is applicable for addiion reactions in alkenes. According to this rule, "When a palar
reagent adds 1o an unsymmetncal alkene, the negative part of the reagent attach to the double bonded
carbon which bears the lesser number of hydrogen *
Mechanism;
propene reacts with HBr in two ways, The mechanism of this reaction involves the following steps
I. The pi electrons of C = C attacks on partial positive end of H — Br. Hydrogen bromide breaks
meterolytically creating bromide jon {electrophile) and hydrogen is added to double bonded carbon
with more number of hydrogen, creating a 2* carbocation,
il. The bromide lon attacks the secondary carbocation to give the major product. The minor product i
formed by the I-'[litk'l:ﬂ primary carbocation Figure,
-

|
T \ H—T—C—Ii.‘.—H |
|L H H ( g M H Br H
Propene Bs 7-Bromopropsns
Secondasy Corpacaton Major Product)
i H H H H H H
| 1 s |
H_T T_N H—n—-T—c—H
H H \g? |1-1 H I!r
Primary Carpocation 1-Breragropane
[Minor Product)
__________ FALE Rlecirophilc atunion ket ol N I
QUICK CHECK 1.7

Compare and explain the relative rates of addition to alkenes (reactivities) of HCI, HBr and HI

The reactivity arder for addition of hydrogen halides 1o alkenes i
HI '} HBr ) HEL



Ans, See Mechanism of Halogenation of Alkenes (a)

Chapter 11 X
w; I— =L
| : -.
. 1. Bond Strength— The H-X band strength decreases down the group [HCL > HBr > Hi), making iy, I
: easiest to break (fastest reaction). |
| 2. Electrophilicity - lodine (I} s less electronegative than Br or CL, so HI Is a better prolon [H*) dongy, i
' increasing its reactivity.
| 3. Carbocation Stability — The larger halide (I} stabilizes the intermediale carbocation betier iy l
' polanzability, speeding up the reaction. '
I5)  Explain the difference between an addition reaction and an elimination reaction? |
Ans. 0
! Feature Addition Reaction Elimination Reaction = !
| Definition | Two malecules combine to form a single | A maolecule splits inlo wa or more 1 |
' product. products. ‘
! Substrate | Usually alkenas/alkynes (n bonds). Usually alkyl halides/aleohals {sp” C-X), ||
I Mechanizsm | Electrophilc/nucieaphilic addition. E1, E2 [unimolecular/bimolecular). | i
' Bond n bond breaks; new a bonds farm., o band breaks; new n bond forms. s
| Changes -
i Reagents | HX, X, H;O [elecirophiles/nucieophiles). | Base [OH", RO7) + heat (for E2/E1). '
i Exarmple C=C+HBr—3C—C—Br n-m—cm-ﬂr-rhhnsr__‘!
| Product Saturated (alkane) or funclionalized | Unsaturated (alkene/alkyne) or smalier |
' malecule. d malecule. '
! ¢}  How alkene react with an electrophile? I |
1]
| [
1 L
: |
& L)
I |
* ]
Ll

d} Explain how Markovnikov's rule is applied In addition of HBr to 2-pentene.
Br
Ans. i
HyE—CH, —CH, ~CH=CH, +H—Br—>CH, —CH, - CH, —-CH-CH,
e e S . 1. 0 ot 'y Py e e s
3. Hydrogenation
Hydrogenation means addition of molecular hydrogen to an alkene in the presence of a catalyst (NifPy) 1o
form a saturated compound at 250-300°C.
Ll
M= M s
On industrial scale, this reaction is used to convert vegetable oll into margarine (Banaspati ghes).
Oil+H, —"—+ Margarine [Banaspati ghee)
4. Hydration

Gaseous alkenes react with steam at high temperature and pressure in the presence of concentrated acid
(H,50,) as the catalyst to form alcohols.
H,C = CH, +H,0 —=2sCHOH

Similar to hydrohalogenation, the alkene forms a carbocation
intermediate, which is then attacked by OH.
Halohydration
Halohydration is a reaction where an alkene reacts with a halogen
{such as bromine or chiorine) in the presence of water to form a
halohydrin. For ethene {C,H, ). the reaction specifically produces a
bBromohydrin or chiorohydrin, depending on the halogen used,

H,C=CH+Br;+H,0 H; C-CH

DH Br
Z-Bromoethanal

@ lﬂ:ﬁ“nm“lrﬂ_!
5, Write down the resction of WL =
CHy with HOCL

@ Rack Your Mind!

6. Write down the reaction of CHy =
CH = CHj with HOCL.

sCHOLAR -2 CHEMISTRY (11™) 07
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gpoxidation
The epoxidation of alkenes gives an taygen-conlaining theee-memberod cyclic ether called epaerde In the
case of ethene [CH, ), this reaction can be accomplished Using vanaus cedizing sgents,
Catalyst: Ethene can alio be converted to ethylene oxide using mobecular ceygen and metal catalysts. A&
pransition metal catalyst facilitates the reaction, for rring an epadide diectly Troem the alesns
yse: The epoxides can be converted in to diols by acid hydralysis
H H i
\C— .-"r * --—-C/ Ay
! I O
|.I'I'l'l|d'{ Fthiane - | 2 -aliel

||.|J —="l,

Ozonolysls
Oronolysis is @ method of oxldstively cleaving alkenes using orane
[0,}, @ reactive allotrope of oxygen, Alkenes react with ozone (0,
to form otonldes, which can be further reduted to carbonyl
compounds (aldehydes or ketones], and ultimately to alcohals,
Use: Dzonolysis is often used 1o identify the strugture of unknown slkenes by breaking therm down into
smaller, more easily identifiable pieces,
Examples:
(i} Ozonclysis of Ethene: CH, «0, —sC H,0, —s2CH.0

(oR)

Optmohyin a wsed o detert  [he
et ared napemsbe e ol el tepnds
il it tate of Fomgand

H (&} H

H H
H,G!Hﬂ,io,—rﬂ—u:— — L) \Cf/
3 s

W

0—0

0
Molozomds Unstatlo Crehide

H o
X + WO — EH-E'—H+H,G,
D—-L " Formaldehyds
Ozonide
o
—20 e (u,-i-hn-é—ﬂ

Acataidenyde Formaldahyde

H,C=HC=CH, +0, ——22

(i) Oronolysis of Propene:

e ™ & S EH 8
[~

HC = O == O Ty = OH
Ethanc! Mstnarm!
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| [M| Quick cHECK 11.8

! |
la)  Write the equation lor the czonolysls of ethene. 1
' Ans. See Above Paint 7 Ozonolysis, |
| 5)  Give the epoxidation reaction of 2-Butene. |
Ans.
| i
|
i
|
(]
|

—

! CH, - CH = CH- CH, +% O, ===+ CH,-CH- CH - CH,
| St N/
' o]
| €}  How ozonelysis can indicate the position of a double bond in an alkene? Explain with the help o o
4 example. n
| Ans. Position of double bond will affect the type of carbonyl compounds. e.g., if a double bond is ap hy '
i : eng|
| of alkene chain aldehyde will be formed. e.g., Ozonolysis of 1-butene. i
. o 0 |
M0 1 1l .
I S CHi-CH=CHi+ 0, s CHy~CHy = C ~HAH-C =H |
8. lymerization T TEmmSaxt
Polymeritation is the formation of extremely long molecules [polymers) from small reactive mg
that join together [menomers). Addition polymerization is one of the most impartant addition f0actigng o

alkenes which form the basis of the plastics industry.

Addition polymerization is the reaction in which many monomers containing at least one € = ¢ doutils
bond form long chains of polymers as the only product.

Jum fike In other addition reactions of alkenes, the n-bond In each €=C bond breaks and (heq the
monomers link together to form new C=C single bonds. A polymer is a long-chaln molecule that is maga ™
of many repeating units,

H H H 1
S L_l_“
" ;
l-/ ,!, ,,L 1, &]IMHHUI‘IH Infermatlion
Ethena Poly (ethens) + | alkenes, lke ethene and propens, yy
s wed 1o create  plastics hraugh
& s - le " 'm_ . Mmem::un Ethene, for inttaees, |,
polymeri o make pelyeihylen
P .'C—Cf Lt i l l__ ore ol the workd's maon l:qlnrr;;
\| Batw. SIC I i plastics wied In bagy, boltles, ang
H H 4 a packaging.

Chigroethena (Vinyl Chiaride)  Polyichioroeihena) (FVC) =
Monomer Polymer =
e — el
This ball pen is made of PVC
# Deducing Repeating Units
s Arepeating unit is the smallest group of atoms that when connected one after the other make up the
polymer chain, it is represented by square brackets in the displayed and general formula,
+ In polylalkenes) (such as poly(ethene)) and substituted poly(alkenes) (such as PVYC) made al one type
of monomer, the repeating unit is the same as the manomer except that the C=C double bond is
changed to a € —C single bond,

A~

Elheno Poly (ethena) Repsestiag unil
Monomer Polymar

L
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[ QUICK CHECK 1.9

b gxplain why an additlon reaction Increases the saturation of a molecule,

_An addition reaction increases the saturation ol a molecule becaute it involves the conversion ol
multiple borids {double or triple bonds) into single bonds, allowing more atoms [typlcally hydrogen or
halogens) 1o attach to the carbon atems.
pxample: Ethene + Hydrogen —» Ethane

CHy = CHy + Hy —» CHy -~ CHy L

L]

! ' gthene Is a monomer used In the polymerization process to ereate polyothylene, |
! ¥ piscuss how the chemical structure of ethene makes it sultable for polymerzation, £
_ gee Above Topic Polymerzation of Alkenes {Foint &) !

i il piscuss the change in hybridization and bond angle during this reaction, |
e i

i Property Eihene (Manamet) | Polyethylene (Palymer) I
Hybridization {Carbon) i’ ip i

Geomelry Triganal planar Tetrahodral !

Bond angle 120° 109.5" |

Bonding € = Cdouble bdfel | €~ Csingle bonds i

L]

|

L]

|

.

I

-—'—-'—_E——'-'—-—-‘

e ———— i —— — — — —

CONJUGATED DIENES

;:.l;;_mm: indicates, a diene is a molecule containing lwo double bonds between carbon atams. In a
gonjugated diene, the double bonds in the carbon chaln are separated by a single bond, The adjacent double
ponds in canjugated dienes allow for the overlap of p-orbitals on three or more adjacent atoms. This overlap
jeads 10 @ delocalization of electrons, which can stabilize the molecule and affect its reactivity. In conjugated
dienes pl-bond overlap extends over the entire system,

o C—~C—C—C
CH,=CH-CH=CH, CH,=C-CH=CH,
But-1.3-diene 2-Methylbul-1 3diene (Isoprens)  Delocalization of pl elections

¥ Slgnificance:
Conjugated alkenes are an Important class of compounds in organic chemistry, featuring unique properties
due to the arrangement of thelr double bonds. Conjugated dienes like 1,3-butadiene are uted in the
praduction of synthetic rubber, The conjugated structure allows for polymerization, leading to bong chains
that exhibit rubber-like properties,

[ R — — — — — —— — o —

y [1 QUICK CHECK 1110

!:l Draw the structure of simple conjugated dienes such as Penta-1, 3-diene.
| Ang. HyC— CH=CH =CH = CH,

i
|
i
|
| Pent-1,3-diene !
! b} llustrate the delocallzation of electrons In conjugated dlenes. !
[ I
i i
| c—C—C—-C |
i i
| |
b o e e e e e e o o DtIncliralion of pleleciiony__ _ __ e o
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ISOMERISM

Thie concept of Isomerism is an important feature of organtc compaunds
Delinition: Two or more compounds having the same molecular formula but different structural farmy
properties are wald to be lsomers and the phenomenon i called lsomerism. Ny
The structural formula of a compound shows the arrangement ol atoms and bonds present in j,

The simplest hydrocarbon 1o have stroctural somers i butane (CH) 10 we study 1he sty o
of butane or other higher hydrocarbons of the alkane lamily, we will observe that it is possibie b
the atoms present in the molecule In more Than one way (o satisty all valencies
possibile to have two or more different arrangements for the same malecular farmula
Example: Chlorobutane molecule has two structural formulas

|
@ anyy
This mean, thay il
L)
4]
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e ———— — ———
Alkanes No. of lsomers | Alkanes No. of lsomers

M"'“:’r:!;;':"mf No lsamery Butane (CaHie) 2
pentane (CaHyy) 3 Hexane (CiMy) 5
| Heptane (CiHi) 9 Octane (CaMus) 18
Honane [CoHs) 35 Decane (CieHa) 75
jcosane [CaMag) 366319 Triacontane More than 4
{Canklis) billions

position Isomerism
This type of isamernism arises due 1o the difference in the position of the same functional group or multiple
ponds an the carban chain, The arrangement of carbon atoms remains the same.

CiHJgFItCH‘GH;EF and (;H‘gtl::ﬂfiH:CH, EHWIH:
- Chigrobutane - Chiarobutane ~CH=
This fact has been supported by an experimental evidence that there ate two compeunds with differe, | CiHsCL s e = O CH; lIEH CHy m,;ﬂ::ﬂ”::r harve the
properties but with the same melecular lormula of CHCE Bomearlsm 18 not only possible bu f“’ﬁmnu:; L-Chlsropropans cL
compound contalns more than three carbon atoms. As (he number of carbon alams in a hydrocarbg, l-nn".,,' - I-Chioropropane
the number of possible isomers increase very rapidly. The five carbon compound, pentane, has EH Mome, \ g0 s il CHy = I‘I:H = CHy Etharal (acetaidehyie) doss Aol thow
HTE Formula to find no. of chain isomers of Alkanes up 1o carbon no.T ks 274 &4 1-Fropancl OH BT M
‘lr;:; I ne = 6 (Hexane) 1Propanat
'.?""I- 1=25 e a5 CaHa Eﬂn-lil:!'::an=CH; CHy=CH=CH=CH, @Rﬂcﬂ‘fﬂur Mind!
: :'T-"".::-r;:::.‘tlﬂnimli wiGE* 2= 16 3. Fenctional Group Isemerism . Wrie doun theee pasktion komers
« For carbon no. B [Monane) The compounds having the same molecular formula but different s
b ol | functional groups are sald o exhibit functional group isomerism,
o e T pamples
B S, s s In the following examples, there are two or more compounds having the same molecular formulae but
= Types of lsomorism — different arrangement of aloms.
A.  Structural Isomerism: @ Rk Your Mind O CHy =0 ~=CH; CHy—CH; = OH
The structural somensm is mot confined to hydrocarbons only. In fact, e ] Cimethl ether byl abeohiol
all classes of organic compounds and their derivatives show the | 7 ::‘;Th"“ hm?m"“ ﬁ ﬁ @ “‘“l‘,.____‘r"" Mind!
phenomenan of structural isomensm. The structural isomernism arises ()3 (0] & CHO CHy=CH;=C=H CHy=C =CH; 10. Both CHCOOH and HCDOCH,
due to the difference in the arrangement of atoms within the moalecule, — Froplonaldehyde {Propanal) Acetons (Propancns) thow izomerim:
The structural lsomerism can be exhibited in five different ways, @ = CHy — CHy— CH— OH CHy = O= CHy=CHy Exﬂt :::m i
Structural Isomeriam ¢ Rock Your Mind! bl 1-Propanal Methoxy ethane group
r I i I } e s Pt StNo. | Formula Functional Group Isomers
S Popkn i Ve, et e o 0 s Akaien, Al nd cydtion
1. The Chain or Skeletal or Nucleus lsomerlsm fiiil) | CaHznn:D Alcohol, ether
This type of isomersm arises due to the dilference in the nature of the carbon chain, For example, b (W) | CH:D Aldehyde, kelone
pentane (CH,, ) and butane (C,H,, ), the following arrangements are possible. v} | C.Hz0; Carboxylic Acid, ester
CH, = CH.==CH,—CH, CH,—CH—CH, (¥l) | CiHaals Glucose (aldohexose], Fructose [Ketohexose)
i (vil) | CaHymes CN Cyanides and lso-cyanides €@, CH:CN = Ethane nitrile, CHyNC = Methane isonitrile
Butane ?~Mﬂﬂlﬂlﬂsnﬂﬂﬁ CH, it
{Isobulana) ! :1‘45 ::‘P'EI of “ﬂi‘l‘;ﬂ":ﬂ arises tldl-'!“ltl'-' the un:!qual ﬂ::nlbuthn of carbon atoms on either side of the
unctional group. Such compounds belong to the same [+l us series,
CH,—CH,—CH,—CH.—CH, CH,~CH,—CH—CH, CH—C—CH, v Sukiohmmiisbuirgastie “minmlnm‘ biieh :i"hﬁ i e
CH, lH. * Itis due to the presence of different alkyl groups attached to the same polyvalent functional group or
Pentana 2-Methylsutana 2 2-Dimathylpropana Mom.

(lszpantana) [(Neopentana)
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0 8
I I
bt =0= =8 = =NH=, —{=—,—=[)—
® It is shown by ethers, thioether, ketones, esters, secondary
amines, lertiary amines,
= Metamerism is due to the difference in alkyl groups joined
with same divalent functional group present in the molecule,
* Examples: Diethyl ether and Methoxy methane.
M,C~H,C~0-CH, -CH,

FiSary e ga

For a ketonic compound having gng miglecular formula C;Huﬂbthl.‘ following two metamers are POssibl,

H,C ~ 0~ CH, ~CH, ~CH,

Ad#iNRe g pOJETS

|
HG—C—CH,—CH,—CH,
2-Pentanone

H,(:—H,c,_..g_cﬂi —CH,
3-Pentznona
Tautomerism

This type of omerism arises due to shilting of proton (H'] from one atom 1o another |a e S,
malecule. This Is commanly seen in amina aclds. They exist as zwitter lons which are !‘mﬂm
proton is shifted from the carboxylic acid end of aming acid molecule 1o the amine group. :

COOH coo
R—r:;— HH,

H
Amino acid

J: ®
R—C—NH,

—
-

H
Zwilter ion
Keto-Enol Isomerism:
Keto-enol isomerism is exhibited only by such aldehydes and ketones which contain at least gee
hydrogen. Here one isomer has the carbonyl group and the other has an — OH group attached 10 2 douiy
bonded carbon known asenol. E.g.,

?
H,C=C=CH, == HC=C=CH,

Prog-1-en-2.ad arsinne

—

@Hﬂ:ﬁ Your Mind!
11. Which type of structural liomerdg

Involues  differences  In gy

arrangement  of  the  cakes

skeleton?

A} Chain somensm

|0} Posntionad lxomerim

{C) Metarmenim

{D] Steregisamenim

Sterecisomerism:

Sterecisomers are such compounds which possess the same
structural formuta, but differ with respect to the positions of the
identical groups n space,

There are two types of stereoisomerism:

. Geometrical or cis trans isomerism

li. Optical isomerism

Nate: It is part of class 12 syllabus and will be covered there

ORGANIC REDOX REACTIONS

Oxidation-Reduction reactions that involve organic compounds are called organic redox reactions. The
reactions are characterized by the addition or removal of atoms/bonds. Normally, durlng organic cxsdiles
oxygen is added or hydrogen is removed. During erganic reduction, hydrogen s added or ooygen |5 remne
Some examples of oxidation and reduction reactions are given below:

=

Ozidation

Ozidation of prganic compounds involving reaction with oxygen is usually the combustion reaction
2C,H, +70, —+4L0, +6H,0

Reactions of organic compounds with axidizing agents. e.g.,

R il
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ﬁ“}"“ s & method of axidatively cleaving alkenes using atone 10, ),

0—0 0 o
4]
H.C'_"-:H:GH. i ——— .Y J ..‘. drivi ) J " ]
G e v b we” H

B wtgetal prie T rmgeta i ek

| ]

HE—CH—OH CH—GOH
[ALETER [T FAErEEN
The epoxidation of alkene is also example of cridation reaction. In this reactian varisus cadizing agents

¢an be used like molecular oxygen and metal catalysts

H H Hoo 1_:/,H T‘H
E— -
Yo' & % Dy G I S
f \ H \/ H
H H H
Alkene Epeside Efhana-1.2-ded
peaction of primary alcohols with ackdified K.Cr,0, to make carhorylic acids,
{Mote: Detail will be discussed in class 12 syllabus)
CH,OH + 2{0] — s CH,CO0H + H,0
Reduction
additlon of hydrogen o carbon-carbon double bond to form alkane s an example of organic reduction
reaction.
H H H H
}: =d< *H=H — % . H—c—c—n
H H H H
Ethene Ethane

Role of Reducing Agents in Organic Synthesis:
Warious reducing agents are used |n Organic synthesis. e.g.; UA/H, NaBH,, .
(Mote: Reduction of nitriles to amines, amides to amines, carbowylic acid to primary alcohols, nitrobenzene
to phenylamine are all examples of reduction and will be studied in class 12 syllabus),
a
g
CHy —C—He 2[H]—2M 4 CH, ~CH, ~ OH

- —

/] quick cHeck

ta) Draw the displayed formula and name an lsomer of CH, that could be an example of positional

I.i.ns.

]
|
]
isomerizm? !
CHy CH,—CH;—CH=CH; CHy—CH=CH-CH, I
1-Butens T-Dutene 1
What type of lsomers are ethoxy methane ether and propancl? N
|

CiHeO CHj=CH;= 0 =CHj CHy — CH;— CHy— OH .
Ethouy Methans (Methoy ethane} 1-propangl |
What are the different types of structural lsemerism |n alkenes? i
]

|

Ans. The types of structural Isomerism In alkenes are:

_1._Chain lsomerlsm - Different carbon skelelons (e.g., 1-butene and 2-methylpropens).

I
e Rt gl il o Tt ey T g bt el iy



ap4 — =,
''''' - el ~ Double band s differant b . Lbutene and J-hulpnep_—?:h'-':}-.
| 2. Pasition lsomerism = Double bond at ditferent pasitions (e g
' 1. Functional Isamerism = Same molecular formula but dilferent tunctional groups feg., buten, |
| cyclobutane) E
'd)  Write down different Isomers of the compound € HNH,. :
! Ans. The malecular formula E4HyNH, represents butylamine (a primary anine with four carbons), i hag 1, |
| structural isomers due to different carbon chain arrangements and positions of the =NH, groyp B,
i Isomers of CaHgNH; [Butylaming): |
| 1. Stralght-Chaln Amines: i
! (a) 1-Butanamine (n-Butylamine) |
I CH-CH;=CH3=CHy-NH; i
! (b) 2-Butanamine (sec-Butylamine) i
| CHy=CH:-CHINH,)-CH, |
| 2. Branched-Chain Amines: i
M [c} 2-Methyl-1-propanamine (lsobutylamine) |
| [CH3)ZCH=CH:- NH; [
i (d) 2-Methyl-2-propanamine (tert-Butylamineg) |
I_. (CHy)3C=NH; i

Sr. ' | Optlon Explanation

1 8 Toluene Is the comman name for methyl benzene, which is a benzene ting with one miethy
2 group attached,
(a) 7] il
'CHy
I
CH: CaHs
i I
| e CHy— CH; - *CH CaHy— CH
|
‘ CaHs
. ?H’ Triphenylmethane
-}
H
J-Eth_[lpunbr% 3
Differences between Nucleophlle and Elactrophlle:
Mutleophile Electrophile
= Nucleophile means nucleus loving. This | « It is 2 specie which attracts electron)
Is the reagent which seeks for a nucleus. [electron laving).
« It has an unshared electron pair | o In most cases, it is ackdic in character,
available for bonding s The carbon atom of an alkyl grews
= In most cases it is basic in character, attached with the halogen atom ard
* It may be negatively charged or neutral. bearing a partial positive charge Is called
3 &y = HNucleophlle is also called Lewis base. an electrophile or electrophilic center,
g Examples: « An electrophile may be neutral o
* It may be negatively charged e.g., positively charged.
C;Hs0" Ethoxide, Hy5- Hydrogen Sulphide | »  Electrophibie Is alsa called Lewls acld,
lan, SCH™ Thiocyanate lon, CL- Chlaride | Bamples:
ion, Br Bromide lan, I~ lodine lan, ¢ It may be neutral or electron deficlen
R e.g. ALCL:, 50, BFy,
Ity e neutral 81,05 N, = It may be positively charged e, N,
* m-eleciron system ct', Br, NO), R* etc.
H;C = CHy, HC = CH

cHOLAR <& CHEMISTRY (11™) 405
§
-'I-_ C [F, 18 not a nutleaphile because it s electran -deficient and acts a5 an electrophile
N/ Py
- C=C_ + HOX ——— H—C—C—H
5 H.!/ H I I
X OH
| "] o i
CH,—HC = CH, + HO— Cf —— CH,— HC — CH,—Ct
6 50Q
OH
{Propytene chiorehydinn or 1.Chlarg-2-propanall
'-'F.- B CaHya has two chain lsomers, n-butane and lso-butane
—1 ¢ Fentane has three structural isomers. n-pentans, bsopentane [melhylbutane), and
8. neopeniane |dimethylpropane)
" Aylenes [Cais)
oenylone meayleng PeEyipnn
CH
CH, CH, g
a CH, @
3. 5. @ C
CH,
CH
o They have the same molecular formula [CHQ;) but different functinal group: carboxylic
10. acid (-CO0H) and ester (-CO0-).
A Chain lsomerlsm invelves differences in the carbon skeleton (eg., straight-chain vs
Lt branched}.

at
I

il

D Erercise &L

MULTIPLE CHOICE QUESTIONS (MCaQs)

Four cholces are given for each question. Select the correct cholce.

An alkene undergoes aronolysis followed by reduction with zinc dust and water to yleld propanone and
methanal. The alkene is:

a} 1-Butene b} 2-Butene ¢} 2-Methylpropene d) 2-Methyl-2-bulense

Which of the following reagents Is typlcally used for the acid-catalyzed hydration of alkenes to form
aleohols?

a) H, [N

¢} Dllute W50,

Halogenation of alkanes is an example of:

a) Electrophilic substitution b} Nucleophilic substitution
¢} Free-radical substitution d} Oxidation

Which of the following reactions can an alkane undergo?

a} Addition b) Substitution ¢} Polymerization

What Is the first step In the electrophllic addition reaction of alkenes?

a) Formation of a carbocation b} Attack by a nucleaphile
c) Attack by an electrophile on the double bond  d) Formation of a free radical

b} @, lollowed by Zn/H,0
d) Or, in CCP

d} Nitration
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. Explain why alkanes do not undergo addition reactions. S

Ans. Alicanes do not undergo addition reactions because:

*  They are saturated hydrocarbons, meaning all carbon-carbon bonds are single (o) bonds.

* These o-bonds are strong and stable, and there are no regions of high electron density like Boutiy ,,
triple bonds for an electrophile to attack.

* Addition reactions typically occur with unsaturated compounds (like alkenes or alkynes), whicy hay
n-bonds that are mare reactive.

In short, Alkanes lack n-bonds, making them chemically inert toward addition reactions and more iy,
undergo substitution reactions instead.

d. How elimination reaction is consldered the opposite of an addition reaction.
Ans. An elimination reaction is considered the oppasite of an addition reaction because:
= In an addition reaction, atoms or groups are added to a molecule, typically converting a doghs, .,
triple bond into a single bond.
* In an elimination reaction, atoms ar groups are removed from a molecule, typically forming 5 douby
ar triple bond from a single bond
Alkanes do not undergo elimination reactions under normal conditions because:
= Elmination reactions require a molecule to have a leaving group (ke =OH, <Br, —Cl) on one cary,,
and a p-hydrogen (on an adjacent carban).
= Alkanes consist of only C-C and C-H single bonds and do not have good leaving groups naturally
= They are also non-polar and chemically stable, making it hard to break bonds without strong reagany
ar high energy.
In short, Alkares lack both the leaving groups and reactive cenlres needed for elimination, 5o they do ey
undergo eliminalion reactions unlass first converted to more reacthee derivatives (like alkcyl halides),

e. Compare the carbocation stability In propene and 2-butene.

Ans.
m h\npun-l.- [CH~CH=CHa)
If a.proton s remaoved from the double bond, the most likely carbocation farmed is the 4
carbocation [CHy = CH-CH,").
*  This allylic carbocation is resonance-stabilized, meaning the positive charge is delocalized over pyg
carbon atoms.
= Stability: Relatively stable due 1o resonance.
(if} 2-Butene (CHy—CH = CH—CH,)
* lgniration typically leads o a secondary carbocation (CH—C"H-CH=CH;,].
*  There is no resonance stabilization unless rearrangement occurs.
*  Stability: Less stable than the allylic carbocation of propene.

f.  Given the molecular formula CyH e, list all possible structural isomers that are alkenes.
Ang. CyHig Alkene Isomers:

—
—

———

iy Pent-1-ene fiv) 3-Methylbut-1-ene
CH=CH=CH~CHy—CHy CHy=CH-CHICH;}-CH,

(i} Pent-2-ene {v) 2-Methylbut-2-ene
CHy—CH=CH=-CHy~CH, CH=C[CH3}=CH=CH;

{id) 2-Methylbut-1-ene
CHyaC[CH,; -CHy=CH,

E-  When propene (CiHy) undergoes electrophilic addition with HBr, it forms 2-bromopropane as the majer
product. Explain why 2-bromopropane s favored over 1-bromopropane, using the concept of
carbocation stability.

Ans. When propene (CHy-CH=CH,) reacts with HBr, the reaction proceeds vis an electrophilic addition
mechanism. The major product Is 2-bromopropane, and this can be explained using carbocation stability

409
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1. glectrophilic attack:
The nelectrons of the double bond attack the W* from Hiir
This can lead to two possible carbacations
= Path A {less stable]: H® adds (o the CHy end, forming a primary carbacation [CHy=CH=CHy*)
= Path B (more stable]: H' adds to the CH end, forming a secondary carbocation (CHy=C'H-CH,)
3. Carbocation stability:
« Prnmary carbocations are less stable
» Secondary carbocations are more stable due to hyperconjugation and inductive effects from
surrounding atkyl groups
3 nucleophilic attack:
= B then attacks the more stable secondary carbocation, leading to 2-bromopropane
Conclusion:
2-bromopropane 5 the major product because Its formation proceeds through a more stable
secaondary carbocation, following Markovnikow's rule.

-;_"""E,T:ln why conjugated alkenes may show diferent reactivity compared te Isclated alkenes.
—ronjugated alkenes show different reactivity compared to isolated alkenes due to delocalization of m

A Co
electrons across alternating double and single bonds.
[ aspect Conjugated Alkenes Isolated Alkenes
Tstructure Alternating double and single bonds, Double bonds separated by two or mote
single bonds

Electron n-electrons are delocalited across the | meelectrons are locallred between two
delocalization | system. atoms.
stabllity Kare stable due 1o resonance. Less stable

MReactivity Can undergo speclal reactions {e.g. 1, 4- | React  through  nermal  electrophilic

addition]. addition only.

Wﬂmw Often absorb at longer wavelengths. Less likely to absorb in the visible range.

shsorption

T Explain how Inductive effects from alkyl groups stabilize carbocations in alkenes.

ns, Inductive effects from alkyl groups help stabilize carbocations in alkenes by donaling electron density
through sigma (o) bonds toward the positively charged carbon,
« Carbocations are electron-deficient species (positively charged carbon),
«  Alkyl groups (like =CH, or =CH;CH;) have a slight electron-releasing character
« Through the inductive effect, they push electron density loward the carbocation, reducing its positive

charge and making it more stable.

Relative stability of carbocations due to inductive effects:
= Tertlary carbocatlon (3 alkyl groups) — Most stable
s Secondary carbocation (2 alkyl groups)
# Primary carbocation (1 aliyl group)
+  Methyl carbocation [no alkyl groups) —s Least stable

. Write the equation for each reaction.
I. CH,CH,CH=CH, with Hy[Ni catalyst)
i, CH,CH=CH, with CZ, -
fil. CH,CH,CH=CHCH,CH, with H,0[H,50, catalyst)

Ans.
I, CH,CH,CH=CH, with H, (Ni catalyst)
This is a hydrogenation reactlon of an alkene.
CHACHICH = CH; + Hy — s CH,CHiCH,CH,
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l. CH,CH=CH, with Cf, e
This is an electrophilic addition of chlonne 1o an alkene.
CHyCH = CHy # Cly —& CHyCHCLCH;CL
lil. CH,CH,CH = CHCH,CH, with H,0H,50, catalyst)
It is Hydration of hex-2-ene with H;0 in Lhe presence of H;50. catalyst
CHyCHICH = CHCH,CHy + Hs0 202, CH,CH;CH{OH) = CHyCHCH,
k.  Write structural formulas for each of the following compounds. e
{i} Isobutylene (ii} 2,3.4,4-Tetramethyl-2-pentene (1) 2,5-Heptadien,
(iv) 4,5-Dimethyi-2-hexens {v) Vinyl acetylene (v} 1.3-Pentadign,
(vli) 1-Butyne {viil} 3-n-Propyl-1,4-pentadiene (lx) Viny! bromig
(x) But-1-en-3-yne {xi} 4-Methyl-2-pentyne {xll) isopentane
Ans. Structural Formulae e
Il Isobutylene (] 2.344-Tetramethyl-2-pentens
CHy= C= CHy CHy
I I
CHy ‘CHy='C='C= ‘C~'CH,
{IUPAC Name = Z-Methylpropene) b
CHy CHy CHy
) 2.5-Heptadiens {iv] 45-Dimethyl-2-hexene e
TCHy = *CH="CH - "CH; = "CH = CH = "CH, SCH, = CH —*CH ="CH = *CH = 10,
I I
CHy CHy
(v} Vinyl acetylene v} 1,3-Pentadiene =
HiC=CH-C=aCH *CHy=“CH = "CH - CH = 'CH,
fwil}) 1-Butyne - (will) 3-n-Propyl-1,4-pantadiens ey
ICHy = XCH; = CmiCH H; = "CH= CH=1CH = 'CH;
i
CHjy = CH; = CH,
{ix) Vinyl bromide [x) But-1-en-3-yne =
H:C=CH=Br WeH; = 'CH="Cm *CH
{xl) 4-Methyl-2-pentyne {xil} Isopentane o
"CHy = 'CH - 'CmiC - ICH, ACHy = "CHy = ICH = 1CHy
i I
CHy CHy
. Write down names of the followling compounds aceording to IUPAC-System, ==t
i} HyC=CH = CHICHJsCHy (i)} (CH}C = CHy
(i) CHy=CHy=CHy=C = CH; (iw] CHy= CH=CH =CH;

I
CH{CH:)y

(¥} CHa=C—CH;CH,CH,
1

G
(vil] CHICHCICH J2CH[CHLCHy JCH,
(1) {CH3)sC — CHy— C{CHy )y
(%1) CHYCICH3 )1 [CH3)CHy

(a) .
H,C~ CH, ~ CH~CH, ~CH,~ CH,

CH,~CH,

[wl]} [CHsCHlCH

{will) CHy= CH =€ = C = CH = CH;
(x) CHy=CH-C=CH

{11*)
& CHEMISTRY
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(CH),CH= ?H- CH{CH,),

CH,
] _CH,
~CH,—CH,~CH
H,C eH,
e ames
M5 IeH = "CH - CH = "~ ey i) CHs
ne ]
7 -Hews t".._ c £ :H’
— 1-Methyipropene
m.-t,-—’{ﬂ:- C=CH; [} CHy=CH=CH=CH;
el i 1.3 - Butsdiens
CHy = HC =~ CH;
2-noncotyl1-pentens
TeH; = '€ — €M) 'CHY'CHy (i)
CiHy : I
2-Eihyl-1 pentene H,
I
CHy=EHy = "CH
I
.EH:
i
cH,
Hirglpertane
s i ) ¥
v CH, {wid) 'CH:#ICH-.:.- E—‘EH: CH;
'3I ]
H:G—-ECH,—G+—{'F}H —CH,
|
cH."T‘H,
icH‘
3.3, Triemvertimylt
T M= "CH - "C = M
" cH,  cH, W
H,C - I!I:-CH, - l:i'.: - CH,
CH, CH,
2.2.4 4 - letramathyiPentare
(] (a)
FH' Pl,‘c-’cm-’?ﬂ_-*l_:n,-'ch,-'!:H.
H,C -C-CH,-CH, CH,~CH,
E:H. Jpanglrannrn
2 7 - dmeathylbutane
L] (c} ,
CH,~'CH ~ 'CH - 'CH - 'CH, H/'C = 'CH, = "CH, ~'CH - 'CH,
CH, CH, CH, (CH,
$.3,4 Serthypenione i e
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DESCRIPTIVE QUESTIONS

Q.3 Describe the free radical halogenation of methane using Cls s an example. S
Ans. See Page No. [385) e
Q4 Describe the following methods for the preparation of atkenes: i

i) Dehydrohalogenation of alkyl halides ii} Dehydration of alcohols
SSE

Ans. See Page No. [359)

Q.5 Describe the mechanism of electrophilic addition of hydrogen halides to alkenes. Discuss Markovnjyg,
Rule in the context of hydrogen halide addition. y

Ans. See Page No. (395) -
Q.6 Explain the following reactions of alkenes with examples: e

3] Halogenation b) Ozonalysis £} Epoxidation d} Palymerization
—

Ang. See Reactions of Alkenes (Point No. 1, 7, 6. B] in theory.

- ADDITIONAL SLOs BASED MCQs

L. The most fikely reaction alkanes undergo is:
A elzctrophalic addition

B. free radical substitution

C. nucleophilic addition D. electrophilic substitution

Z The mn:lz-l'ls&d structural formula of the major product obtained by hydrobromination of 2-methylpens.s.

ama 15T

ACH; CH(Br)CH[CH, JCH:CH; B.{CH ):CIBe){CH:J:CH;

C (CH:LCHCH[Br)CHACH, D. CHx{Br)CH{CHs ) [CH ), CHy
3. Which one of the following is a possible propagation step in chlgrination of ethane?

AL CyHy + CL = C;HsCL=H B. CaHsCL + CL = C:HLCL -+ HCL

C CiMs = CL —» C:HuCL D. CyHsCly + CL == CyHLCL + Tl
4.  Which one of the following is the most stable (least reactive) hydrocarbon?

A hex-1-ene B. propene C penta-1,2-diene D. hepta-1.3,5-trieng
5.  The most striking factor held responsible for the less reactivity of alkanes is:

I. their non-polar bonds . absence of functional group

1. their strong sigma (3) bonds W, Long C — C bond lengths

A. 1 Bl only B. 11 & 1 only C.L I & lonly 0. 1 & IV anly
6.  The systematic name of the following :nmpound'i_s:

|

A 2-ethylmethylcyciohexane B. 2-methyethylcyclohexane

C. I-ethylmethylcyclohexane D. 1-ethyi-2-methyicyclohexane
7. Dehydration of propan-1-ol gives:

A. propene B. propane C. prapanone D. propanal
B.  Which one of the following compounds can show geametric Isomerism?

A. 2. 2-dimethylbut-2-ene B. 2-methylhex-1-ene C hex-3-ene D. 2-methylpropens
9. A racemic mixture must contain:

A. 90 levorotatory isomers

B. equimolar quantities of levorotatory and dextrorotatory isomers
C. meso somers and levoratatory isomers

[. 80 dextrorotatory and 20% levorotatory isomers

'-T
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mich set of compounds are consecutive members of same homaiogous series?
i % CHIDH, CHCHO HCHO B CHCO0H, CiHLO0H, C,H-CO0H
LI;H.,DI:CI.CH‘EI; D. CHL G ML CH,
ne molecule of ethane possesses which hybridization;
" 5 0" B.sp’ Caip D. sp'd
e sp* hybnd orbitals are oriented in space at ane angle;
B s B. 180° C. 1007 D. 120°
The geometry of acetylene is;
& a angular B. bent C. trigonal D. linear
\Which reaction is used as test for the presence of alkene;
ik & reaction of cold diluted alkaline KMnO; B combuston
o Ntfﬂ'l!ﬂirﬂﬂﬁﬂ D. catalytic hydrogenation
m:\'nlﬂl formula of alkane is:
5 & CaHzez B. CHy C.CHs D. CHz- 2
Answer Key with Explanations
w8 | Ans. Explanations
Alkanes are most hkely to undergo free radical substitulion reactions, such as the
L ’ chiorination and bromination of alkanes, which invalve the formaton of free radicals
e i The hydrobromination of 2-methylpent-2-ene follows Markownikov's rule, whare the
1 C bromine atom attaches to the more substituted carbon atom. resulting in 3-bromo-2-
methylpentans
£ During the chiarination of ethane, a propagation step involves the ethyl radical [CiHi)
i reacting with a chlarine atom to form chlarosthane {C;H.Cl)
8 Stability decreases with increasing number of double bonds and conjugation. Propene.
L with a single double band, is more stable than dienes or trienses.
c Alkanes are less reactive due to their non-polar bonds, absence of functional groups, and
5 strong sigma bonds.
= D The correct ILPAC name indicates the substituents’ positions and Tollows the alphabetcal
k. arder of naming.
-:I'_ A Dehydration of propan-1-ol results in the formation of propens through the elimination of
= water.
T c Geometric isomerism [cis-trans) can occur in compounds with double bonds that have
different substituents on each carbon of the double bond. Hex-3-ene fits this critenon.
3 B A racemic mixture containg equal amounts of both enantiomers. which cancel out each
= other's optical activity.
= B These compounds are carboxylle acids and differ by a CH; unit, fitting the definition of a
homologous series.
iL A In ethane, there is C — C 5o each carbon s sp’ hybridized,
12. D Angle b/w each orbital is 1209,
1B
1% D £ &P
When alkenes are treated with mild oxidizing reagents bke dilute [1%) alkaline KMnO.
s A solution (Basyer's Reagent) at fow temperature, hydrowylation rfl double bond occurs
resulting In the formation of dihydroxy compounds known as vicinal ghycols. The pink
colaur of KMnO, solution is discharged during the reaction
15. A The general formula of alkane &5 CoHama,
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ADDITIONAL SHORT ANSWER QUESTIONS

[y

W iiieoestiate hetwoen Alloglb mml Aromatle composinils, B
A, i B
F Allyelie Rty Aromatle Compounds e
o Thar Dusiesenye e domnvpnunmils whils B gontaln tog of | = The Byl codngiaundy wiiely

Uhw v bianie canbiny wlivinie sl isseiililiig e
aliphvatb womproiaty ave o albed alicy e commpanindy

Alleant one benrede ng are callad &
Con il

Omaty

& Py ioay b saturabeud o visat i aled s They may Contain Die oF more hllu_n.g._;';‘ﬁ
s They hive low percentage of caibon «  Thay have high peicantoge of catbian,
Inamplens - Enamples: -
O,
H,l'.r ©H
!l.:{i M M, ”JIL\ Ir’““
e (M8 (1IN LM, L,

[NTLSTTR Y NTLE e P LTI T

(1.2 Daline U oo samosvin, Glve asamples.
Ans, T

S o ore compounids haviog the same molecular Tormula but different stractural formuleg gy
porarpsi Rlaes ane bl fo b dnanrimis aindd e plenormenson s called komeriam ™

Iuample

Cullin Ly
CHy € BNy CHy |

| CHy €M,
€y Cly—CHy— CHy - CHy s |
{n=pantisre) 3 Methyllitane Chy
{1t prontaim 2,2

Dimethylpropane

[Heo-pentans)

(L0 Mo Tune Uomal groug oo lsm differs ficam metamesm? Glve ssamples,

Fundtional Graup lsomerium

& The compoiinds aving tie same mobecular | =

fosrenmiba Lot alilfesent fundtbomal groups ane
sl to ey functlonal group lmerium

Metamerism
This vy ol Incmerisim arises due Do e unegul

iliateibiatlon of cathon atoms an elther sile of
the funetional group.

o Such  compounds  belong 1o differest | & Such compounds Delong o The  same
Bosrmolopous serles homaligous series
Lwamjpiles Enample;
[T E
€ i
Mo 0 CHy = CM; - © ~ CHy~ CHy
[t bvgl et haer

Ely-0-CHy-CHy-CHy

I
CH,— CH, —C —H
H, ! } Metiwgl=n-propyl ether

Provpanal

ot

WOLAI T CHUMISTRY (1) 3

]

CH,~0 — CH, i
PR EHy=CHy = € =CHy=CHy

Cablsl [Hethyl ketone (Pentan 3-one)

CHyCH; = CH; = DM
1+ Propanal R

CHy =0 =CH; = CH S . 5
Nirllm:'.rl Ilrum- z Oy~ € =CHy = CHy = CHy

Methyl-n-propyl ketone (Pentan-2-ona)

I —
ﬁ“ Tautemarlim with an example,
erllm

this type af somerism arles due w shifting of protan [H') from ane atom ta ather in the same malecule

pramples
GO cod
H =0 =N, e— Ft‘T-HH‘ ] .;I;H
i i CH,~0C —H === CH,=C —H
| Sl ke Al duliyds Witglahaded

.-ll;.’l- Justity that In alkanes sigma bonds are Inert.

—l:;-_m"“ ol o-bonid:
i o -hand, the slecirons are very tightly held between the two nuclel which makes it a very stable
pand. A lol of energy s reguired 1o break it Moreover, the electrons present in a o —bond can neidher

attack on amy electiophile nor a nucleophile can attock on them. Due to the inertness of
- bands, alkanes are unreact ive

a6 Why alkanes are called paraffing?
‘ans, Alkanes are Paratfins:
The word “paralliny® Is derived from Latin words ‘parum’ = little, “affing’ = aflinity, Alkanes are called
paralling due 1o
(i} Mon-pelar Nature:
The electronegativity values of carbon [2.5) and hwdrogen (2.1) do not differ appreciably and the
handing elections between C = Hand C = C are egually shared making them almost non-polar In visw

of this, the lonic reagients such as aclds, alkalies, oxldizing agents, etc. find no reaction site in the
alkane maolecubes 1o which they could be attached,

() Inertness of o-bond;

Inow o= b, the elecirons are very tightly held between the nuclel which makes it a very stable
Bond. A lot of energy is required to break it Moreaver, the electrons present ina o = bond can neither
attack on any electrophile nor a nucleaphile can attack on them,

0,7 Differentlate between hydrogenaolysis and hydrogenatlon.

== ——
Ao, Hydrogenolysis Hydrogenation
1. The addition of hydrogen accompanied | 1. The addition of hydrogen to an unsaturated
by  bond  cleavage b called compound In the presence of a catalyst ls called
hydrogenolysls,” hydrogenation ™
2. It ks carrbed out In Pd-charcoal cavity, 2. Itk carnied oul in the presence of NI, Ptor Pd elc.
Examples: Examples:
0 R Moo M P o HX | ) M, =CH, oM, s CH, ~CH,
Alkane Ethene Ethane
(W) €M, - Cl M- “-.E—':"‘.ip CH, +HCI ] Vegetable oil+ H, — "~ vegetable Ghee
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Q.8 Glve general mechanlm of eloctrophilic addition reactions of alkena.
Ans, General Mechanism of Electrophilie Additlon Reactions of Alkene:

It inyalves thiee stops

Stepl:  ToGenerate Clectrophile:

The reagent T = Nu wonlres 1o ghve an electrophibe and nutleaphile

=Ny —— E" # Ny

Step 2:  Attack of Electrophile and Formation of Carbocation:

The electrophile attacks the carbion ~ carbon double bond and forms a covalent bond with ene earbion,

other carbon bears positive charge, As a result a carboc Hl-un I3 formed

2\ S o /
E «C=C
& faa N /

;_..r||mulum

Step 3:  Attack of Nucloophlle:
The nucleophile now attacks the carbocation to form an addition mnduﬂ-
/ sl /
C—'C + ‘Nu —l'-
/ f|
Carkine al e ﬁul:l wn et il

Since the reaction is initlated by addition of electrophile, so it i5 called electrephilic addition reactign,

What is Markownikev's rule? Glve example also, .
Markownikov's Rule: =
Statemont:

"In the additlen ol an unsymmetrical reagent to an unsymmelrical alkene, the negative part of the ad
reagent goes to that carbon, constituting the double bond, which has least number of hydrogen aloms
Example:

Q.9

H,C—CH,—CH
¥ A

HC—CH=GH, + Hilr — o ;

Propene H.C -EH =CH,
r

- § P
e Rl gvikaT]

Q.10 How would you convert ethene Into ethyl alcohol?

Ans. Conversion of Ethene Into Ethyl Aleohal:
When ethene is treated with cold concentrated sulphuric acid (H;50.), it is dissolved because it forms ethy
hydrogen sulphate,

-
i TR o
oC=C ¥ H=Q=8=0H —+ HC~=CH—=0=80H
H‘/ \H h‘
Q Eitiyl hpdrogen sulphats

The ethyl hydrogen sulphate on boiling with water decomposes to give ethyl alcohol
H,C~CH, —n—w,mﬂ,n—i’*"—m €-CH, =0H+H,50,
.11 Convert ethene to (a) Halohydrin (k) Ethylene oxide

Ans. (a)  Ethene to Halohydrin:
if the halogenation of an alkene Is carrled out In an agueous solution, haloalcohal is formed called
Halohydrin.In this reaction, molecules of the solvent become reactants too.
My My ———s  HOX + HX

I
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p— H H H H
\G Cf t—

= . —_— H=C—=C—=H

e

X CH

%, = C, orBy, Halotydrin

(b} Ethene to Ethylene Oxide:
H
HC = CH, » %0, — lr\/CH
I:lqh-—'rﬂl'——_

ELT__E“"F““ Glyeol Is prepared from ethene?
— paryer's Test:
«  Dilute 1% alkaline KMn0, solution is calied Basyer's reagent.
s Ity pink in colour and acts as mild oxidizing agent.
« Baeyer's reagent is used to (251 the presence of unsaturation in the molecules.

Reaction:
When alkenes are treated with Baeyer's reagent at low temperature, hydrooylation of double bond occurs

resulting In the formation of ditydroxy compounds known as vicinal glycals. The pink colour of KMnO, is
discharged during the reaction.
H.C—CH,

| + 2mn0, + 2x0H
OH OH
Etnrlene ghycal

Cotiet
IH,C = CH, + ZKMnO, + dHO — 2

‘0.13 What s azanalysis? Describe it giving example. Also give Its mechanism.
Tns, Ozonolysis:

“The cleavage of an unsaturated molecule by reacting with ozone is called oronokysis.”

Orone (Oy) iz a highly reactive allatropic form of oxygen. It reacts vigorously with ethens [or other alkenss)

1o farm formaldehyde (or other carbomyl compounds. )
CH, =CH, +0, — JHCHO

Mechanlsm:

(i} Ozone reacts with ethene to form molozonide. Molozoncide rearranges spontanecusly to form an

aronide.
0 H
X
H

o o—0
Molozonide Unstabla Oranide
(i) Ozonides are unstable compounds and are reduced directly by treatment with zinc and H;0. The

feduction produces carbonyl compounds (aldehydes or ketones).
P <
| ~H
—

I Ozonide

H

H
I H
HC=CH,+0, —+ H._c_l _Hu_..““ el P
d } i

]
+HO —+ 32IH=— C=—H+HO,
Formaldetyde

Zn+H,0, —2n0+H,0

L4 2 4 4 4
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l SELF-ASSESSMENT I Chapter # 11
Total Mar.
Q.1 Encircle the correct option. {xg
i ]
(I} What intermediate is formed during the electrophilic addition of HBr to analkenep
A. Carbocation B, Carbanion €. Radical D. Epoxide
() Markewnikov's rule is applicable to :
A. CH; = CH; B. CHy = CH; — CH, C.CHy— CH=CH—CHy D (CHy)y — Ca gy,
(lil) Which of the following reagents Is typlcally used for the acid-catalyzed hydration of alkenes 10 fopg,
alcohols?
A HyfNi B. Oy followed by Zn/H:0 C. Dilute H504 D.BryinCCL,
(W) Alkanes are generally unreactive toward polar reagents because:
A They have double bands B, They are aromatic
C. Their bonds are non-polar D, They are ionic
(¥} Analkene undergoes ozonolysis followed by reduction with zinc dust and water to yleld propy,,
and methanal. The alkene is: ) "
A. 1-Butene 8. 2-Butene C. 2-Methylpropens D. 2-Methyl-2-butepe
{vl} 'What type of isomerism exists in but-2-ene?
A. Chain . Geometrical C. Functional D. Position
Z e,
Q.2 Write short answers of the following questions. {2 Bzxiy
[} Differentiate between aliphatic and aromatic hydrocarbons with one example each 1
{il) ‘Write the IUPAC name of the following:
a)CH;=CH-CH=CH; b)CH=C-CH=CH-CsCH
(iili) Why do branched alkanes have lower bolling points than the straight-chaln alkanes?
() What is homolytic and heterolytic bond fission?
{v) ‘Why the order of stability of carbocation s 3° = 2° > 1°7
(v} Write down the structural formulas for Z-methylbutane and 2, 2-dimethylpropane.
[vil) Give the dehydrohalogenation reaction of bromopropane?
(vwill} Given the melecular formula CsHag, list all possible structural isomers that are alkenes.
0.3 Extensive Questions. (2xasy
[a) Explain the following reactions of alkenes with examples:
a) Halogenation b) Ozonolysis ¢} Palymerization
(b) Describe the free radical halogenation of methane using Cl; as an example.

oo

-

HDIJR #3 CHEMISIHY [117)

419

p——

NITROGEN
AND SULPHUR

Student Learning Outcomes

after studying this chapter, students will be able to:

gxplain the lack of reactivity of nitrogen due to its triple bond strength and lack of polarity

{Understanding)

pescribe the basicity of ammania using the Bronsted-Lowery theory. (Understanding)

¢ Identify the structure of the ammanium ion and explain how it is formed by an acid-base reaction
(Understanding)

« Describe how ammonia can be displaced from ammonium salts through an acid-base reaction.
{Understanding)

» Describe natural and man-made occurrences of owides of nitrogen and their catalytic removal from
exhaust gases of internal combustion gases. {Understanding)

s Explain the role of NO and NOy in the formation of photochemical smog, specifically in the reaction
with unburned hydrocarbons to form peroxyacetyl nitrate [PAN). (Understanding)

« Differentiate between mitrification and de-nitriflication. (Knowledge)

» Explain the lack of reactivity of sulfur, with reference 1o its bonding and stability of its compounds.
(Understanding)

s Describe the different oxidation states of sulfur and their relative stability. [Understanding)

& Describe the properties and uses of sulfuric acid, Including its preduction and industrial applications
{Understanding)

» Describe the chemical reactions and processes involving sulfur, such as combustion and oxidation.
{Understanding)

» Explain the uses of sulfur compounds in industry and everyday life, such as in fertilizers, gunpowder,
and rubber, and in synthetic organic chemistry, including the synthesis of dyes, drugs, and fragrances.

(Understanding)
N o
HITROGEN
7 Occurrence:
Nitrogen belongs to group 15 of the periodic table,
* Preparation:

(1 In industrial processes, nitrogen is typically obtained by cooling air until it becomes a liquid. Liquid
nitrogen ks commonly used for rapid cooling purposes.
(i) Inlaboratory settings, nitrogen can be generated by slowly heating a solution of ammonium nitrite.
NHNO,  —+ Ny, 4240,
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Tabie: Physical Properties of Nitrogen (1N") Sy
Atomic number 7 lonic radius (3] 171pm ]
Relative atomic mass 14 007 Da 1" Jonization ener 1402 ki/mal |
Physical appearance | Colourless Gas Electronegativity 30
Electronic configuration |  [Hej2s’ 2p Electron affinity =8.0 klfmal
minssmss..Lsmic -210°C Density 0.001145 g / em’
Sofling polnt -195 8°C Principal oxidation states 3+ and S5+
Covalent radius 74 pm =
REACTIVITY OF NITROGEN (N.)
S Reasons for Inertness of Nitrogen .

Mitrogen is a significant compaonent of the air, known for its
low reactivity due to its small size, symmetrical electronic
cloud, and nonpolar triple bond.

High bond Energy

= MNirrogen has electronic configuration of 15°25 2" .

@ Rock Your Mind!
L Summarise the reasons for inertney,

nrogen. "

+944 kimal'. High snergy is required to break this bond
: N=y
Figure: Bonding In Ny moleculs
L) interesting Informationt
Uses of Nitrogen:

to form new bonds, making N, very unreactive.
MNon-Polar Nature of Ny

fil  The high cancertration of nirogen in the sir werves to ditute oxygen, preventing every
spark in our atrmosphere from ignating & madse fire

®* MNitrogen requires three electrons to complete its octet, forming a triple bond by sharing these
N=N i35 nonpolar.
= Both the atoms are the same having zero electronsgativity
difference. This causes equal sharing of the three bonded
i) in the cate of lrge shipments of hydrocarbons or edible ois, 1 i crucikal to wtifse
Blankets of Nitrogan or any other iner gas on ships to saleguard them from ceygen and
reaiure

electrons with another nitrogen atom {as shown in Figure). The bond has a bond enthayy,
electrons between the two atoms making the band nonpolar.
[ikp it s alse used in laboralory to carry out the reactons which requare inert atmasphere

AMMONIA (NH;)

Explain the preparation and basicity of ammonia.

v

Preparation of Ammonla:
Ammania [NH ) is an impartant industrial compound of nitragen, which is mainly used ag a fertilizer

Ammonia is prepared industrially by Haber-Bosch process.
—
+ 3y =My,

ﬂmm.:-wr
Bronsted bave, Explabn,

N
i)
Basicity of Ammonia

Arrmona behaves as a Lowry-Bronsted base by accepting a proten [(H” ) from an acid to form ammonium icn
) ——
NHy +H o =N

]

o=

=
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pmmonia dissolves in water o form ammonium bydroode (NHOM and eguilibrium s established
petween ammaoma molecules and ammonium ions in the solution
ol is 4
"H#‘“ ' H“a‘ L/ "Hﬂl"ul s O"r-:. r. 1.3:10 .
ammonia solution is a weak base due 16 the low baseity constant If, | and the squilbrium patitan being
rowards the far left side

structure of Ammonium (NHY)

ammonia molecule haz pyramidal shape due to lone pair of e H o TEI‘
pitrogen. But when nitrogen atom in ammonia utilizes this lone pair. H*" ! i H M J 3 H
of electrons to form ammaoniem ion, this lon adopts a tetrahedral H H
shape in whith all the bonds are of equal length and strength, (as Figure: Pyramidal and wirahedral
depicted in Figure). shapes of ammonia and ammonium
synthesis o i A
preparation of Ammania
« Inlaboratory:
In the lzboratory, ammonia gat can be synthesized by heating an ammonium salt such a3 ammaonium
chloride [NH,C/) with a base like calcium hydronde [Ca(OH), ) a3 shown in Figure.

INKCE, + CalOM),, —rCaCs, . +2H,0,, + INH

In thiz acid-base reaction, NH, acts as an acid by

donating H ions, while OW acts as a batwe by
accepting H™wons. This reaction displaces ammonia
pas from the ammonium salt and produces salt and
water
« Use in Salt Analysis:

It is commonly used to identify ammonium in salt
analysis, If a gas with a pungent smell is released and
trns moistened red litmus paper blue, it indicates
the presence of ammonium in the compound

gcH

H

onlum Sal

gy

- — — - — - — i — . — — —
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13)  Why N;gas is used in food packaging?
Ans. My gas is used in food packaging because it is Inert and prevents cxidanon and bacternal growtn. B,
replacing oxygen (0;) inside the package, N; slows down spollage and keeps faod fresh for langer. It
especially useful for snacks, chips, and ready-1o-eat meals to maintain crispness and flavor
b) Both CO and N; have triple bonds in thelr molecules. Why do you think CO Is more reactive than Ny?
Ans. Although both CO and N; have triple bonds, CO is more reactive because:
The bond is slightly weaker (bond energy 1072 kifmal as compared to bond energy of Ny which is
946 kJ/mal},
CO has a polar structure (C slightly positive, O slightly negative], making it more likely to react with |
other malecules compared Lo nonpolar Ny. |
Ammonium salts such as (NH,),50, or [NH,),NO, are commonly used as fertilizers. Why a farmer 1
wouldn't treat a field with an ammonium fertilizer 3t the same time a3 using lime? What would be the I
chemical reactions? "
Ans. Ammonium lTenilizers like (MH)50, react with lime (CalOH); or C20) to release ammonia gas (NHy), ,
reducing nitrogen content in the soil:

ZHM; + CajOH)y —» ZWH,T + Ca®* + 2H,0

ad

e — — - —

-

— i —

- — i — e — i — - - — w— o —— — — e —
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OXIDES OF NITROGEN i

Owides of nitrogen are NO, N,0, NO,, N,0, and N0, In which pridation states range fram I+ 1o Vt_m

N,0, decay quickly 1o other oxides, NO and NO, are collectively called as NO,. The sIruclufes, proper,

- Ifu:
uses of these oxides are given in Table,
Table: Properties of some commen oxldes of nitrogen
Mame and formula Forml =
$
of Structure onldation Propertie Uses
state
Mitrous ondef 1+ Colourless gas, water- | Dental anan by,
Nitrogen owide e solubile, neulral, | propeiiam for
[Laughing gas) N,0 N=N—0Q: sweet smelling, helps | whipped ice Eream
in combustion, synithesis of Mgy
"
Nitic oxtde, Nitrogen ) Colourless gas, slightly | Blochemical
dionide NO, N,0, N=0O water-soluble, mestenger (Lowey,
neutral, NO is | blood pressuse and
i i paramagnetic  while | role in other by
//’/’/ \ N,0, is diamagnetic, | functions),
0 0. oridizing as well as | S¥nthesis af
reducing in nature. nitrasyl carbonyis
Hitrogen = 4+ NO, isareddish brown | Rocket prﬂpel].m:-
dicside/Nitragen ;f;..-'”*_-j gas, paramagnetic, and | HNO,  formatien
pe=roxide, Nitrogen reacts with water to | by Otwald
tetraoxide ol 0. form  HNO, and | process,
NO,, N,O, \—Nﬁ HNO,, N,0, is | explosives
i
123, —a= &2‘. .J "*U_ colourless liquid or
solid.
[4: pid You kKnow? @ 5.4 R
Hinme of Ammanis by IUFAC: : —-1.:'—'
Anather recommended name for gmmenks by the Intermatsanal Usign of & Perowy scetyl nirate [PAN) b
Pure and Applied Chamistry [IUPAC] b Asine and for ammonium & Iitant 1o humsn being aad &
Azgnium. These namas hawe been derved from Azote, o Greek name for elfectn:
nitrogen, maaning “no life® Thete names are uied in naming derivatives A Ears B) Stamach
of prnmania and ammoniam e g sodium agide (Nahi) C) Cypes O fecse

SOURCES OF OXIDES OF NITROGEN

The main categories of NO, sources ars:
= MNatural Sources of N
Natural sources include lightning, volcances, biclogical decay, forest fires, soll microorganisms, oceans, el
NO is produced when N; and O; in the air react during Bghtning. It s produced by microorganism using ar N,
—] thropogenic (Man- of NO

The main anthropogenic sources of NO, are the combustion of fossil fuels in vehicles and power plants
Other sources include chemical plants, biomass burning, welding, eic.

oLAR T CHEMISTRY (11" az3
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ROLE OF NO & NO; IN SMOG & PAN FORMATION
o il

E—-ﬁ;m of nitrogen (HO,) cause the formation of photochermical smeg and PAN? Give its mechanism.

—i0, s respansible for numerous harmful etfects on living organisms,

photochemic 1}

photochemical smog (Los Angeles smog) forms in the
gimosphere from NO, and volatile organic compounds (VOCs)
jn the sunlight. 1t i oxidizing n nature. Pholochemical
gridants, such as NO;, orone, and peroeyacyl nitrates [PAN)
can react and oxldise specilic compounds in the atmosphere.
protochemical smog s becoming more comman than classical
smog (Lendon smog) due Lo increasing NO, emissions.
chemlcal Reactions:

The larmation of photochemical smog Involves the following
chemical reactions,

2

Mygq) + Osgg —>2NOy,
MO, +0,, — 20,

= LNO.

NO, et * Oy

1]
Oy +Oyypy =20y

RCH=CHR,  + 0y,

] rma of Peroxyacyl N Ms
NO, take part in a serves of reactions leading 1o the formathon
of orone (Oy), aldehydes, peroxyacyl nitrates [PANS) and
perocybentayl nitrate (FEN). PAN is one of the members of
peroxyacyl nitrates as shown in Figure,

|
R’é“o":"r? o

}
o

Fgure: General structure of PANS

[;- Did You Know?
Lahote smog contats of wolstile  organi
eompoundy (WOCs), MO, ground leve) ouone
{0}, particulate matter BM 29, CO and 50

@ oc Your Min

3. The yellow cobour In photechemical smog
n e 1o:
L] ) hiy
cna Erp il

BCH & CHR » Oy —s JRCHO « [
RCHO) & OH* = RCIOH0" + M0
RCIO)O" = Dy ——s RO|OjOOND,

——+RCOL,, + RCH,, , —+AC(0)0ONO,

@ ek Your pina

4, Mention the conditlons which ame
required for the Tormatkon of smog?

@hdﬂﬁmﬂlﬂl!
5 Mﬂn;lhu between  culdiving  and
reducing smog.

The R group In peromyacetyl nitrate is <CH), but other hydrocarbon chalns may also be present.

# Formation of PAN:

The main companent of oxidizing smog {5 otone, which oxidizes hydrocarbon 1o produce aldehyde. The
aldehyde then reacts with hydrooyl radical to produce acyl radical. The acyl radical reacts with oxygen to
produce peroxyacyl radical, which linally reacts with nitrogen peroxide 1o form peraxyacyl nitrate,
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Reasctive Hydrocarbon ﬁﬁ_ﬂiaﬂiﬂaﬁﬁ? e S e |
! » NDyis angular (bent) and also a free radical with one unpaired slectron. It has resonance structures !
and is paramagnetic due to the unpaired electron. |
PAN stand for? Give its | formula :
1p) What does general formula, |
| m.
'« PANstands for Peroxyacetyl Nitrate. It is 3 toxic compound found in photochemica! smaog i
+] no, | ! » tsgeneral formula is CH,C{OJODND;. It irritates eyes and affects plants and human heaith 4
1o Write down the formulas of the compounds responsible for the formation of PAN. |
s Ans. PAN is formed from the reaction of the following compounds: "
| = Hydrocarbans (RH) — R = CHO (aldehydes) |
' » Nitrogen oxides (ND and NO;) '
|  « Dxygen{0:)and sunlight !
" These react 1o form peroxyacyl radicals and then PAN, I
!ﬂ if magnesium ribban is Ignited and placed In a Jar contalning N,0 , it continues to burn brightly, how
| does the product form In this reaction confirm the structure of N,0 ? |
' ans. When magnesium burns in N;D, it produces magnesium oxide (MgQ] and nitrogen gas (0,). This "I'
reaction proves N;O contains oxygen, as the flame is sustained by O releate, confirming its |
struclure NENT=07. g s e i
Ru.‘g‘hq CATALYTIC CONVERTER
Tk A catalylic converter 5 a ceramic of melallic monolith with a
: Mechanism of PAN for . ¥l
| e g P Y e . T o o e e i honeycomb:-like structure {as shown in Figure). Rack Your Mind'
i EEIQUEKMCH‘IH IE o+ hsinnerchannels have a layer of alumina to provide a high SUrface 38 | & it s thve primary fumcten of &
la Draw the structures of the followlng oxides of nltrogen. Also, briefly explain their bonding. s+ MNoble precious (expensive) metals such as Pt (Platinum), Pd catalyil  comverier B @A
’ ' I} N.O iy ND o 1) NO. ! [Palladium), and Rh [Rhodium) are dispersed on the alumina, sutomabile?
l Ang. ' . | s These metals catalyze three redox reactions to remove the half &) Irrepse engioe
: Srous aeiis 1 harmful exhaust gases. :; "“-"“::' fur! "::_“:;“
! o ;ﬁt : fiaughing ges] I +» The three-way converter converts harmful CO, NO, and D) Enhanc velicle sosed
Li ]
I [N=N=0-—N = N—0O) | hydrocarbons inta CO,, N,, and water
i el WE M- L . 2
| i mg;l“.f;d,;}mu OF INHN =07 Uneirmotciie) Jl ¢+ These pren;ngﬂm&tals can also be recycled. @ Rack Your Mind!
' Bonding explanation: i bl cataiye i 7. Whatiz catalytis comerrioe?
! *= N3O is hinear, with a triple bond between the two nitrogen atoms and a coordinate bond to oxygen, | " chprnal ==
¥ re i ]
I = It has resonance forms, and the terminal nitrogen carries a positive charge, while oxygen has a3 @
i negative charge., ! : Rack Your Mind!
| () NO (Nitric oxide) | B Which of the loliowing gases sre
. . ! HC, CO, Na, primarily reduced or oxidized by a
| "N a ﬁ- l Figure: Three-way Catalytic Converter catilytic converter?
s e A} Carton deee, . 373 g
i Nitrogen Oude, N0 OF N = O° (linear with one unpaired electron) i Reduction: 2NOy,, +2C0,, —E2 Ny, +2C0,, i - “"'_"w»,:.,*._.-.
{neire axide) " Frish CHLD, nerogen cudes. and Pyroce o
i Bonding explanation: E Saidation: 200, + 0y —— 200, B e R A S
0 = NO s a diatomic, inear molecule with a double bond and one unpaired electron, making it a free radical | IC,H, *W”,,ﬂ'ﬂﬂﬁuﬂ‘”ﬁﬂm
| = It is paramagnetic due 1o this lone unpaired electron, | TION
i {iil} NO; (Nitrogen dioxide) i NITRIFICATION AND DENITRIFICA
Structure: =
. = ol 1 *  HNitrification and denitrification are the two phases of the nitrogen cycke
,I. H&‘ : ! ' MNitrification invalves the conversion of ammonium [NH') to nitrite (NO}7) and nitrate (NO, ), wiie
I \-ﬂ-' Or D=N-0"(bent molecule, 134%) | = denitrification involves the conversion of nitrate [HO3) to Nitrogen (M, ). I
N Miregen g, RO, ; *  These two processes are also involved in the wastewater treatment ip remove Aitfogen Same differences
I_-_-_-_-_.lmv_ﬂw;"ﬂ’:}'__________ _______ _____*___,_! between nitrification and denitrification are given in Table.
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Table: Ditferences between Nigrification and Denitrification _
Merifeaten Denitrification o

Nitrite (NOST) and nirate (NOJ') are converteq
10 N, that is relzased into the atmosphere.

In ritrification Ammaonia ion [MHD™) & comverted into
rutrite (NG ) and nitrate (NG}

Mitritying Bacteria asrobet conditions, pH 65 - 80,
optimum temperature 20°C-30°C

Denitrifying bactena anaerobic mﬂﬁjthmm
9.0, cptimum temperaiure 26°C-38°C. L

it 15 important in wastewater trealment and
for aquatic life, to axidize NH, with NQ] to fom, N,

Plants atscrb thess nitrides and nitrates for thew
nutritesn a5 they cannot assimiate mitrogen directly
from the atmosshere.

gas.
Oeidation of netrogen Reduction of nitrogen
NH; = NO; —NO; NO; —+HO; —NO— N,O— N,
-5 3= i- - LTI
:‘.ﬂfﬂ'np * ac';I’--n -'mil "= F‘Hl‘un - E'HIO{" muﬂlﬁl +10e =1Hl"“ _.H“" *EH‘OHJ

Fil ¢ + Oy —mlﬂﬂl’m
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a)  Write down the reduction and oxidation reactions that occur in the Gtalytic converter in the vehige |
sahausts. :

Ars. These metais catalyze three redox reactions to remove the half harmful exhaust gases. The l.hm:.!

way converter convents harmful CO, NO, and hydrocarbons inta €O, N, and water, These precioys |

metals can also be recycled. '

Reduction: IND'I, * 21.‘.0,,,, — Nup - ICD:-.,.

Cridation: €0, + 0, —=2 5 2C0,,,,

IEHI':: 'w:lau i 4'En':u.r.u ¥ %ﬂm

What is the basic principle of catalytic converter? Describe the role of catalyst in the cataiytics

Cofverier.

Ang. These metal; catalyze three redox reactions to remove the half harmiul exhaust gases. The three '
weay cormeerter comverts harmful CO, NO, and hydrocarbons into CO;, N:, and water. These pr:mu!
mietals can also be recycled. |

1] Dohybrid and electric cars have catalytic converters? Explain why or why not. '

!
1

. . S . o o
=

| Anz. Hybrids: ves, because they still use gasaline engines that produce emissians.
: Electric cars: No, since they run on battzries and produce no exhaust gases to treat.

SULPHUR

Sulghur is 3 member of group 16 which it also called the Chalcogen family, Some physical properties of sulghur
are listed in Table

Table: Physical properties of Sulphur

Atomic number 16 lonic radius 184 pm
Relative atomic mass 32.06 am.u. 17 loniztion energy 1000 ki/mal
Phpsical appearance Sohd Yellow Electronegativity 25
Electronic configuration [Ma]2 &7 2p* Electron affinity =200 kfmal
Meiting point 113°C (honey yellow) | | Density 2.07 g/em’
Baifing point 445°C [dark brown) Common oxidation states | 4+ and 6+
Covalent radius 104 pm Common Bonding Covalent band

‘.;Hﬂu‘n & CHEMISTRY (11') Al
~ Reactivity of Su

-

ulphur usually forms single bonds with other sulphur sloms instead af double bonds due ta poos
avertapplng of the orbitals. As a result, it forms larger molecules and structures through o process called
catenation. Sa 15 a crown-lke molecule, as shown In Figure 12.7

2 g!m!ﬂgn States of Sulphur

5
EH‘\‘\:/ ‘\\EM""'

5

/ \\5
Flgure: Cyclo-octasulphur, {5) crown moleculs

sulphur extubits oxidation states of =2, 0, +2, 44, antd 46, The electronic configuration of sulphur is degicted in
Figure, where the oxidation stale s delermined by the number of unpaired electrons, Under standand
conditions, sulphur and oxygen react (o produce Sulphur dioxide {50, ) in which sulphur has an oeidation state

of +4_ However, 1o form sulphur trioslde (S0,) with an osidation state of +G, high energy s required

ab Owygen alom in

i 2
ground siate (2% 2p') E‘] m’j&m
b Sulfur atom m grousd 3y Ip N
00 QiR 1

5

There ate nas il asrbiials in
I il tierefisre
enciation i nol persilils

20 inidntioin wiabe dhee to
fwer unpanieal eleetrons

siate {3 Ap*)

A o bilatisin wabe thee 10
Tt wripiinesd clectrons

) Bollur pom i Isi
excited siate (Xof Ip'
3"y

di Sulphur atom in
secomd exciled slate
(' Apt A

Flgure: Electronic configurations of sulphur for attaining different axldation siates
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STABILITY OF OXIDATION STATES OF SULPHUR

sulphur displays a range of oxidation states, principally from -2 10 +6. The stability of these states it influe

by the factors like pH, temperature, nature of the compound and the chemical environment

5> pH
in general, under acidic conditions, reduced Torms (lke H25, <2 oxddation slate) are more stable, while under
basic or reutral conditions, oxidiced forms (like Sﬂ: . 46 onidation state) become more stabbe in water

2 Thermodynami n notl
Although Sulphur (+6]), as In 50y, s thermodynamically the most stable, kinetic imitations can prevent it
from forming readily at standard temperatures, making Sulphur (+4), a5 In 504, the maee frequent form

= MNa o
The stability of Sulphur's oxidation state can be affected by the elements it is banded 1o, and the averall
themical enviranment. In acidic environment S0} is kinetizally stable due to sirong 0-5 bonds.

= Catalyst
A catalyst can also enhance the rate of formation of a specilic oxidation state, for example vanadium in The
contact process increases Lhe rate of formation af 50;



