Student Learning “utw'neb

After studying this chapter, students will be able to:

Describe organic molecules as either straight-chained, branched or cyclic.
State that a structural formula is an unambiguous description of the way the atoms
in molecules are arranged, including CH,=CH,, CH,CH,0OH, CH,COOCH,

e Identify and draw structural formulae for molecules. .
Interpret general formulae of compounds in the same homologous series including
alkanes, alkenes, alkynes, alcohols and carboxylic acids.

e Define structural isomers as compounds with the same molecular formula, but
different structural formulae, including C,H,, as CH;CH,CH,CH, and
CH,CH(CH,)CH, and C,Hg as CH
CH,CH = CH, and CH,CH=CHCH, JIS\. €O @

e Identify a functional group as f‘“ a@rnrgr gr qﬁ‘tﬁ\a 6m‘s‘ that determine the
chemical properties uﬁfgfi\ }nel} ing thal for alcohols, aldehydes,
ketones, phenols, carbox) lie | J“" kammc esters, and amide.

® D&scnbcipqwg}ﬁl:ﬁ ic teristics of homologous series. These can include:

\:Pgth: same functional group

Having the same general formula

Differing from one member to the next by a CH, - Unit.

Displaying a trend in physical properties.

Sharing similar chemical properties

e State that a saturated compound has molecules in which all carbon-carbon bonds
are single bonds.

e State that an unsaturated compound has molecules in which one or more
carbon-carbon bonds are not single bonds.

e Name and draw the structural and displayed formulae of unbranched alkanes,
alkenes, alcohols, and carboxylic acids. (Include but-]-cnc and.. but-z-enc
propan-1-ol, propan-2- ol, butan-1-ol and butan-2-ol. — (< o \ (€ _'x' J“‘

e  State the type of compound preseat gﬂemﬂm hhﬂh‘hqﬂ n#m«:’éndmg in - ane, -ene,
-yne, - ol, or -olc acid gnf{pm a\n:l&!ebuiar»sﬁ‘uetura! or dlsplaycd formula.

e Name and draw th s}; ydd\‘fdhnuiac of the unbranched esters which can be
made he 'aIEnhnls and carboxylic acids, each containing up to four

P gP




Long Questions ; ”[ur :d in the ’u.hl of new Exon nrmrmn Te mnrqm
[Hnuwledge, Undﬂis*amlmg Appltcatmn Anaiytlcal & Conceptual)

0.1: What is an organic compound? How organic compound are classified based
on the type of carbon chain present in them?

Ans. Organic Compound: .

An organic compound is chemical compound primarily compound of carbon atoms
that are covalently bonded to each other or the other elements. Apart from carbon,
majority of organic compounds also contain hydrogen. Other elements which may also
be present include oxygen, nitrogen, sulphur and halogens etc.

Classifications of Organic Compounds:

There are millions of organic compounds. It is practically not possible to study
each individual compound. To facilitate their study, organic Sompoy &f‘@ \¢lassified
into various groups and sub-groups. They may be pmg@ q]ﬁs‘fﬁpﬂ wito the following
classes: a“;‘ulwu-ﬁ,-

(i) Open chain or Ac@!k"tgﬁn{)ﬁuﬁm

(i) C lcrs:d chai E\]uf ﬂdpmg} compounds
(i) Open Ch M\:af% ¢ Compounds:

This type compuunds contains an open chain of carbon atoms. The chains may
be branched or non-branched (straight chain). Open chain compounds alongwith certain
cyclic compounds are also called aliphatic compounds.

Straight chain (or non-branched) compounds:

CH, - CH, - CH, - CH, H,C =CH - CH, - H, CH,-CH,-CH,-CH,-0OH
Butane But-1-ene Butan-1-ol

Branched chain compounds:

CHg.._CH “CHE CIHJ
| CH, - C - CH,
CH,; I
v e = N 1’:; J.'-.'_'.:I".L'l.
2-Mthylpropane 2 Zﬁw‘ﬁpmﬁﬂm 70

|,||.'.'..I

(ii) Closed Chain or Cyclic, Campmidp- 7S ﬁa | ._1 x“ R\RNTS

These compounds ccnlﬁlrf nne" ?1; mdm clnscd chains (cyclic) of atoms and are
known as closed cham,f;m ;fng chmpuunds

When' the. ]Tzdgj lContains carbon atoms only, the compounds are called carbocylic
compounds. However, if the ring contains other atoms alongwith carbon atoms, the




cnmpuunds are called heterocyclic compounds. Cnrbucyclim p@@m further

classified as;
() Alicyclic mmpnunds %\p) \aﬁm}wﬁl

(i) Alicyclic mmpuunds:‘J ¥
The carbncychc M\c cnntam a ring of three or more carbon atoms
and rcscmblcw pounds are called alicyclic compounds. The saturated
alicyclic hydrocarbons have the general formula C H,,. A few typical alicyclic
compounds are given below. -
E* &
H, HC—CH,  HC  “CH, HC  cH
S N B
H,C — CH, Tl e Sl
: HZ HE
Cyclopropane Cyclobutane Cyclohexane Cyclohexene

(ii) Aromatic compounds:
Aromatic compounds are of many types. The simplest amon them which

contain one benzene ring. A benzene ring has six ¢ qf- @1 aitemate
double and single bonds. These bonds nfa circle. Some
other cyclic compounds ha M also included in aromatic
compounds. \\j

| S e
T
H-C7 > C~H
| [ or or
H—C%C/,C-H
H .Benzenu

Q.2: Explain structural formula giving axamples
Ans. Structural Formula:

The structural formula of a compound shows the arrangement of atoms and bonds
present in that compound.
Explanation:

It gives enough information to understand the structur ﬁ{ﬁ“clcarly
While showing the arrangement of atoms in a m m Zu/st ﬂi-mt most of the
single covalent bonds present in the mo c\pu}f ﬁfﬁ“& lbonds such as double and
triple bonds are shown. Id m in the molecules can be bracketed

together while some oth the shown using brackets.
There are.: @é of drawing the structural formula of organic compounds

and the students'should familiarize with all of them.




Displayed Formula or Full Structural Formula: TR

This formula shows the detailed structur & mo dl /i h\#iﬂrthe relative
position of atoms, the numbar and tgpt;n’i hiﬁhhxhugwsm them. The bonds are

represented by lines. *. e T =
Condensed Structural For u; x‘» AR B

This formy ﬂn Igﬂ}ﬂ &s between bonded atoms, but it omits the carbon to
hydrogen bonds."!!

Condensed Structural Formulae

Compound Displayed Formula Condensed Structural Formula
Ethane 'f 'I' CH, - CH,
H— (i: . f|: =
H H
Ethene Illi 'I' CH, = CH,
H—C=C—H
Ethyne H-C=C-H HC =CH
Propane ll-i ":' T CH, - CH, - CH,
e ol
H H H e N Pfa lb\
Butane A H‘f%{; "‘B\\;‘Hagjtﬁ CH,- CH,
H:-., \ _{\$ 3R
\ I\
rﬁfxﬂl?l[[ i H H
But-1-eng (NN b CH, = CH - CH, - CH,
X=C—C—C—H
H | I I
H H H
But-2-ene H "I“' Ch; - CH= CH - CH,
€—-C=C—C—H
i, T ) st
= S - I Y
Ethanol ey CH,-CH, - OH
B (I.'. == {I: —C—
H _H
Propanol 'T' "rl *]" ) (r:l'i2 - CH,-CH,
pE ~
G S o4 i
N o \oa~"
Tihas s O RN ij s
Propan-2-ol _m-E{,H{.H\Zi.-:'H}\&t OS2 CH; = cIZH - CH,
HaHdyle=
I SR OH




Butanol e s L) S \SOE }
H=C=C=CnCHH 0\ hw & °
A 2= W\ W LOH
& ABakei\yurh
T-.Ill'.. \ ﬁﬂ. iIIL I'.'. IT'&_E‘\"' |
Butan- 2.@} |r f \” o ﬁ'.1ll';!‘|'“”1 11? |‘|:| |T| CH! = ?H - CH; o= CH'
||\‘I H=C-C—-C—C-—H OH
| i o ::Ig\ oo ||
H
Ethanoic acid R 0
| 2 e i i CH,-C-OH
H
Propanoic acid 'f "f ﬁ ?
il CHy = CH,-C—-OH
Methyl ethanoate e H 0
H—C—C—0—C—H o Al o
I I
F e £ MI“PM"‘%@
\n3+nA+n5
0.3: Write down five charatteristic %‘ﬁumulugous series.

Ans. Humnlugqps

Organic éompounds have been classified into various families. Each family
contains closely related organic compounds, as their structure and chemical properties
are similar. The different families are known as hnmulugnus series.

Characteristics of a Homologous Series:

The common ¢haracteristics of the members of a homologous series are:

(i) All the members of the series can be represented by a general formula. For
cxample, the general formula for the series of saturated hydrocarbons called
alkanes is C,H,,,, where n represents the number of carbon atoms present in a
member. The general formula of some other families are given below.

Alkenes C Hzn — A0

Alkynes e

Alcohols q (,rngz;ﬁ*gﬂ s 12

Carbioxyl aqtls 03 \ " JC aHan+1 COOH

(ii) Successive mcmbﬁﬂﬂl’%}“crmh dfﬁ'cr by CHj group and 14 units in their relative
molecular:

(iii) Different n‘remb:rs in & family have common functional group e.g. all the members

\
{\,'Ulj
)'
i
,
i




of carboxylic acid family have -COOH group as the ﬂmr.t W Al

(iv) The members in any particular family hay Imss!\\d tcﬁL 1-:&! properties
due to the presence of the : same f g

(v) The physical prupcftne bmlmg point, density and solubility
show a regular ¢ icrease in the molecular masses.

(vi) All membm]hﬂﬁ ¢ J:s can bc prepared by similar methods.

Q.4: Write a detailed note on isomerism.

Ans. Isomerism:

Two or more compounds having the same molecular formula but different
structural formulae and properties are said to be isomers and the phenomenon is called
structural isomerism.

Simplest Hydrocarbon:

The simplest hydrocarbon to have structural isomers is butane (C4Hm)
Hydrocarbons not showing Isomerism: , :

Methane, ethane and propane do not show the phenomenon of isomerism because
each exists in one structural form only.

Same Molecular Formula: SO o

If we study the structural femlula of but mﬂﬁ%ﬁ ydrocarbons of the
alkane family, we will obse he atoms present in the
molecule in more Lhan ene T@l *aIi #ﬂéuc:es This means that it is possible to
have two or more diffe nts for the same molecular formula.

Example: \'\L\T

Butane molecule can have two different arrangements as represented by the
following structural formulae;

CH, - CH, - CH, - CH, G
CH, - CH - CH,
Butane : 2-Methylpropane

Support by on Experimental Evidence:

This fact has been supported by an experimental evidence that there are two
compounds with different physical properties but with the same molecular formula of
C.‘Hm.

Relationship between Carbon Atoms and I:umurs ~ ,k i {\

As the number of carbon atoms in a hydm o @uq ber of possible
isomers increase very rapidly. The fiv él ipf: tane, has three isomers.
When the number of carbon &mg gﬁ rty v, the number of isomers are over
four billions. Ll

Structural Isumym Eﬁlﬂﬁéurafad Hydrocarbons:

Structural \tﬁnmeﬁsm is not confined to saturated hydrocarbons only. In fact, all




classes of organic compounds and their derivatives show the phcnom:nugrof?ﬁgﬂpmml

isomerism. i l 1,‘ m‘.’?‘u\ [ :
CH, - CH, -~ CH = CH, |\ ACH= eH L cH,
llut—1-ene'?“ "'.IIH"'; 0 ?\L But-2-ene

0.5: Discuss some it funetional groups.
Ans. Functional G{oﬂ'w

A functional group may be defined as an atom or group of atoms that determines
the characteristic properties of an organic compound.
' . Functional G
Example: _ ' iy H i
The family of alcohols have its characteristic i é_@
properties due to the presence of -OH (hydroxyl) group, i
called the functional group of alcohols. H
Important Functional Groups: ’
Some important functional groups are described below.
(a) Hydroxyl group (-OH):
This group is present in the family of compounds called alcohols ,wﬁ.ﬁ

et mrﬁ@\@\\/ Qa0

]

If hydroxyl (= OH) grou m benzene ring the (?H
compound is a membcr is named as phennls @
%[\]\ Phenol

(b) Aldehyde Group ( - c -H )'

This group is present in the family of compounds called carboxylic acids.

Methanal or H C(f? H Ethanal or CH 3 H
Formaldehyde Acetaldehyde ~ *

(c) Ketone Group {:: C = O where R is an alkyl group):
~ The homologous series which contains a ketonic functional group is called ketones.

Propanone or Acetone CH, - CH __C:.. ﬁ\}
P \. I:/‘_-j‘l r"\_.-"
. ButaB?qe \ F'TBY ﬁ!’* '2-':3
\\ !
W\
(d) Carboxyl Group , _ I x}:‘
This group is ﬂi&m in the family of compounds called carboxylic acids.




i ) ngf G 11'.,151?&5
Methanoic acid or Formlc i o[,
qc

;‘x\f"'i"\ 8} “u - ﬁ“ﬁ Hl ; u
Ethfl\b\g%dﬁﬂ ﬁé’étlc acid CH,-C-OH

| 5 Ry

(e) Amino

This |}p is prf:sr:nt in a series of compounds called amines.

Formamide H- C - NH.

R
Acetamide CH,-C-NH,
;g
(g) Ester Group (-C-ORY
Ester group is present in a family called carboxylic esters.
Methyl ethanoate or ?
Methyl acetate CH, - C-OCH,

Ethyl ethanoate or ? e .aw-&"qu@_'_\_oﬁ_-u
Ethyl acetate z

Ans. Htsturlcal Naminu of Organic compounds:

The early organic chemists prepared many organic compounds and gave them
names which are called common or trivial names.
These names are quite often used because they are very simple and easy to use.

Need of a New system:

Due to existence of a large number of organic compounds and their complexity, it
is not possible to give common name to every compound individually.

Introduction of the IUPAC System of Nomenclature:

To deal with this problem, the International Union of Pure and Applied Chemistry
(IUPAC) has introduced a systematic way of naming organic campnunds called IUPAC
nomenclature.

Q7. What are Alkanes. How an organic Eqmn\t\ is lﬁmﬁq,‘ ah#&r’d‘ng to IUPAC
system of Humannlagm _ :".-HU'} (Q iﬂa ﬁln
O\ = LSS
Ans. Hydrocarbons: = ~. \ (a\ "fi W pol
The or f’«‘ﬁ ‘“Fh& wd's containing carbon and hydrogen only are called
hydmn::arbﬂ




Saturated Hydrocarbons:
The hydrocarbons in which all the four yalenCies ?f';'cahqﬂ F
bonds only are called saturatcd h drncart%ur aﬂga es! A

Unsaturated hydrocarbons: - W) DU

The hydrocarb ﬁﬂnﬁaﬁiﬁg at least one double or triple bond are called
unsaturated hydﬂﬁﬁglg

Carbon Atoms in Saturated Hydrocarbons:

The saturated hydrocarbons or alkanes may contain one or more carbon atoms and

\ 9\
ﬂ using single

they may have a straight chain or a branched chain. No. of

Methane {CH‘I. Root Carbon
Methane (CH,) is the simplest member of saturated sl

hydrocarbons. Meth- 1

Naming of an Organic Compound According IUPAC system: | Eth- -
According to [TUPAC system of nomenclature, the entire | Prop- 3

name of an organic compound has three parts. But- 4

1. Root: It tells us the number of carbon atoms in the | pent- S
longest continuous chain present in the molecule. The | J'H“*\'{ f:m Tuvg
roots up to ten carbon atoms are shown i in, Ta'E c,m ISfE”u P :

2. Suffix: It is added after the r{mt ngry_ﬂ{,@
class of organic compnu !\ Oct- 8

3. Prefix: It is mdh:: nnt and tells us about | Non- 9
the group ﬁ{ "I)-led to the longest chain. Dec- 10

Molecular Formulae, Displayed Formulae or Condensed Structural Formulae"
The molecular formulae, the displayed formulae or the condensed structural
formulae of some alkanes are given in Table given below:

Formulae of Alkanes
H
Methane CH, H-C—H
H
H H
Ethane C,H, H'[:'"":.:"H
CH, - CH; - 0
H H H =
i 1 1 5 el
Propane C;Hg 1 H—C —C \:C_. : \ lf f,; M‘T}
CH,~ CH, — CH; oo N\n ooy G20
: i VIO NE-H H-H
@ } NI |
Butane CiHy ﬂ\\\ﬁ‘qt Ll\‘j‘uH—(I:—C—C—fli"H
Hy— (CHrH | 4
Pentane *‘““ CH ), CH, ~ CH, - CH, - CH,— CH,




| Hexane CeHi4 CH, - CH, - CH, - CH, - CH 2 SH AN
Heptane CHg = £QH;=CH,
Octane CHia . - _CH, - CH,~ CH,
Nonane CoHy (|G, O ~CH,CH, CH —CH,-CH,—CH,
Decane CiHnN ] SV JEH - —CH ~CH,~CH,—CH, —CH 1,-CH,~CH,~CH,~ CH, |

Q.8: How is Alkyl Group formed?

Ans. Alkyl Group:

An alkyl group is functional group which is formed when an alkane molecule loses
one of its many hydrogen atoms.

Example:
H H H
-H - | -H | |
CH, CH—~ or H~C= C,H; GH> ot H—CmG=
Methane III Ethane I-Ei l-rl
Methyl Ethyl
Representation of an Alkane:
An Alkane is represented by R—H. m

@0
Representation of an Alkyl Group: SR \{q l\ },:l €O
An Alkyl group is represented by R\, n C {j

Q9. Name the following co d to th% IUPAC System.

CH, - CH, - nﬁ'ﬁﬂﬂ
Ans. To cxplam AC system, let us name the following cumpaund
CH; — CH, — CH, - CH;
a)  Identify the longest continuous chain present in the compound.

b) Identify the class of organic compound.
The organic compound contains four carbon atoms in the longest continuous carbon
chain and it belongs to the family of hydrocarbons called Alkanes. The root is, therefore,

But- and the suffix -ane is added to this. The organic compound will, thus, be given the

name Butane.
JCH,—CHZ— GG e
Butane Longest Continuous Chain

Q.10: What are Alkenes. How are Aikenes named using IUPAC Systnljl ﬁﬂ\
Ans. Alkenes: NIz
Hydrocarbons contammg al least 'ﬁnp%{t@}l{mﬁkﬁﬁg ﬂoublc bnnd are called

Alkenes.

Alkenes are named u].
rules for namin
1. Count the ﬂﬂiﬂber of carbon atoms in the longest continuous chain that contains

'_J"n, '. i\\'. |
as alkanes except the suffix used is -ene. The
13 ; lows.




both the carbon atoms of the double bond.

Number the chain starting from the en n
Hqﬁﬂ:mm

i\\ﬁ

Write the root, then pos:t on nf
of alkenes are as fullwﬁk \CA0 i

|'| 1"1, ". \l
Y I/ bﬂiﬁ\ﬂ—bonmom

the suffix -ene. Examples

CH, = Cqu ] U

CH,~CH= CH

Propens

x,.f
CH CH CH CH

1 2 3 4
CH, —CH=CH—CH,

But-1-ene But-2-ene
CH,=CH—-CH,—CH,—-CH, CH,—CH=CH-CH,—CH,
Pent-1-ene Pent-2-ene

Q.11: Give IUPAC rules for naming alcohols.
Ans. Alcohols:
Monohydroxy derivatives of alkanes are also called alcohols.
General Formula: '
General formula for alcohol is ROH.
Naming Alcohols:

(@)
(i)

According to IUPAC system, almhnlsdrc h

The longest chain of ¢
parent hydrocarbon.
The longest
attached

e

y group gets the lowest possible number.

gﬂrﬁ\
owing rules.
x}fl group is taken as a
is replaced by 'ol'.

starting from the end where carbon atom

==

(iif) The position of hydroxyl group is indicated by a number placed before the -ol.
Names and condensed formulae of some simple alcohols:

Names-and condensed formulae of some simple alcohols are given in the Table

given below:
Names and formulas of Alcohols

E) 2 1

Alcohol CH,OH CH;CH,OH CH,-CH,-CH, _OH
Common Methyl Alcohol Ethyl Alcohol Propy! alcohol
Name
IUPAC Name |Methanol Ethanol Propan-1-ol
‘Alcohol (l.'H,— CzH— eH, EH,— CH.— CH,—CH, | CH; —-(llH ICH;—CH

Lo OH OH &R
Common Iso-Propyl Alcohol | n-Butyl Aleohol ., ~1Seos Em o%
Name = 1;_ﬂf’1f’\\"\&"&'_ﬁll"1u"?@
IUPAC Name |Propan-2-ab{ | = jiﬁﬁpd_*_&.l‘_*‘ =" |Butan-2-o0l
0.12: What are t:arhggﬂ}F\@J re they named by IUPAC system?
Ans. Carboxylic Atids:~

Organic :ompuunds containing a carboxyl group (-=COOH) as a functional group




are called carboxylic acids. They are also commonly called fa w some
carboxylic acids are obtained from fats. They wrgpwﬁlt?d y” dh‘p | formula
RCOOH. ”'« H f,.
General Formula: Jﬁ“’“"‘ 0\ ':~J ,,L

They are represented by é\gﬁn\}r;ﬁuru[a RCOOH.
IUPAC Names of Carboxylic Acids:

The TUPAC names of carboxylic acids are derived from the names of alkanes
containing the same number of carbon atoms as the acid. The ending 'e¢' of the alkane
name is replaced by -oic' acid.

The common and IUPAC names of some common carboxylic acids are shown in
Table given below:

Names of Carboxylic Acids
Carboxylic Acids HCOOH CH;COOH | CH;CH,COOH | CH,CH,COOH
Common Name | Formic acid Acetic acid | Propionic acid | Butyric acid
IUPAC Name |Methanoic acid| Ethanoic acid Propanoic acid | Butanoic acid

0.13: What are Esters? Give some common and IUPAC names GLR%@I}

Ans. Esters: J
Esters are sweet 5m:]|mg compnund ( q a\ﬂ“‘ &:\,
Uses of Esters: ,L \v \j‘:}
They are comm ouring agents in certain food items.
|$I\U E

General Formula:/\

They are represented by a general formula RCOOR.
Preparation of Esters: Esters can be prepared by reacting an alcohol with a carboxylic
acid in the presence of an acid catalyst.

CH,CH,COOH + CH,- CH,-OH —H"_ CH,CH, COOCH,CH, + H,0

—
Propanoic acid Ethanol Ethyl Propanoate

Common and IUPAC Names of Esters:
Common and IUPAC names of esters are shown in Table given below:

Common Names of some Esters

Esters CH,COOCH, CH,COOCH,CH, | HCOOCH:€GH,
Common Name Methyl acetate Ethylacetate-—{] /{/;E}b%#ﬁgm
IUPAC Name Methy! ethanoate @tﬁﬂf{%ﬁmﬁﬁaﬁﬁ I Ethyl methanoate
Esters CH;CH,CW@; | \EQ;@HECOOCHJ CH,CH,CH,COOCH,
Common Name &m&(ﬁw\ehﬁlfe Methyl Propionate ' Methyl butyrate
[UPAC Name . “Ethyl propanoate Methyl propanoate Methyl butanoate




1.  What is the difference between cyr.lnhﬂane' ;n {:@T{! d I
Ans. Cyclohexane — ,"s J

It is an alicyclic compound \ i}\w\ir@éﬁd‘\dsx éen carbon atoms (C H,»).

Benzene N .\J‘J

It is an amrﬁu}"g&hp ound wuh atternate double and single bonds in a six carbon ring (C¢Hy).
2. Givethe enmples of branched chain compounds.
Ans. (i) 22— Methyl propane (ii) 2,2 — Dimethylpropane

21.2YQuick (TR

1. Write down the displayed and condensed formulae of butan-2-ol, ethyl ethanoate,
2-methylpropane, but -2-ene and pentane.

Ans, :
Compound Displayed Formula Condensed Structural
Butan-2-ol EEI :l 'II I‘I'I CH, - (I:H - CHy= CH,
H--{IZ—(li—C—C—-H OH
Aok
H ARk
Ethyl ethanoate '? (lj H H e VWQ\J / CT\F\L =
H=C—C—0-{Y %@ {\
—r e = =

H A LAY -0, ~cHy

2-Methylpropane . 1\(\] SASEE CH, — CH - CH,

\J\ H= ‘I: s —tli— H |
H ! H CH,
H—{;_'-—H
H
But-2-ene o 'f CH,—CH = CH~CH;4
£=C=c=C—H
G T A
H H H H
Pentane AL SRR 'T'
H H H =

Write down the molecular formula of a carboxylic acid having three carbon atoms.

Ans. The general formula for a carboxylic acid is CyHane COOH. Fnr a,ﬂml u w@%l of three
carbon atoms, one carbon is already part of the fgr\cn\u C@H let n = 2 for

the alkyl group. NE\ Uﬁb —J__,"lell

Name = Fm%\dﬂfa‘f‘/—‘\\\\}\* o

Molecular Formula =
G
Condensed Formula= CH, - CH, - C - OH




4 Write down the molecular formula of an alcohol containing four urbn

Ans. The general formula of an alcohol is C H,m. OH. ,an a mfla? uorm we let
n=4 = _-l ﬁ'_‘ T\ \F\"., ‘; NV
Name = Butano] (Spec/i_t‘qﬂlﬂn M; 2ol

Molecular Formula t==t:,, r’» 3\ \rxbu
Condensed Formula = -~CH,-OH

W f\l“ Qurckfimi_!

1. How phenols are different from alcohols?

Ans. Both phenols and alcohols contain the hydroxyl group (- DH) but they differ based on the
structure they are attached to:
Attachment of (- OH) in Alcohols
In alcohols the group (— OH) is attached to an aliphatic carbon atom (a chain - like structure, e.g.,
CH, - CH, - OH).
Attachment of (- OH) in phenols

In phenols, the group (- OH) is directly attached to a carbon atom of an aromatic benzene ring,

2. Whatis common Letween the formula of aldehydic and ketonic
Ans. Aldehyde and ketone functional groups both contai

Aldehyde: In aldehyde, it is at the enﬁ-ul\}.hei
s Wy
®  Methanal or F JRM@W (H- é Sy Ethanal or Acetaldehyde (CH, - E H)

Ketone:

In ketone, it is between two carbon atoms { C =0)
Examples 6

Il
L Propanone or Acetone CH,~C ~CH,
(0]

i
Ryl » - [ L ke o 7o T

21.5\Quick (773

1. Name the following compounds according to [IUPAC system of normenclature,
() CH,-CH,-CH,-CH;~CH; (i) CH,-CH,- CH,~CH,- CH,- -CH, ~ CH,
() CH,-CH,-CH,- CH,-CH, ” @) TR

f ll‘v"
Ans, Number of carbons: 5 N f\ ‘Q.!
Root Name: Q \} \ L
Suffix: - ane
=y W‘"‘“Xm

IUPAC Name: Peqﬁ.n
(i) CH,-CH,-
Ans. Number of

~ CH, - CH,




Root Name: Hﬂ - ﬂ 1\,- [:(_ r\ H(dﬂkl"

Suffix: —m{sinnumumumq, rbon] | Icﬂlmﬁ,
IUP‘C Hlm'ﬁ: H'Fm‘ I'L'Iﬁ. T 1 n |.l'|.\'|." ':l'x 1_: 11 f[
| am
o\
PRRN . ww
& Cﬂndmm{ [‘formulae of some organic compounds are given below. Write down
the names r nmiliu
Ans,
@ =0 Ans: Family Name = Alcohol
OH

(i) ﬂ Ans: FamilyName = Ketone

CH,— CH, — C— CH,
(i) CHI—?CH'.CH: Ans: Family Name = Alkene :

CH,

(iv) L;Hl'CHI'CHF Ans: Family Name = Carboxylic Acid

COQOH
o G
vp GHe
oy - §

Ho— G s I_:"J.Fl
(vii) W} NNV e

INTERESTING INFORMATION

Organic chemistry plays a vital role in developing new materials with specific properties, such as
polymers and drugs.

INTERESTING INFORMATION Y

The ability of carbon atom to form four bonds creates an almost infinite variety of molecules which
make organic chemistry very useful.

INTERESTING INFORMATIONY g

The common names of carboxylic acids are dmwd ﬁ??::&ﬁ;-x Y [0
sources from which they were firs isolated. \Farmi¢ @cit YL
first isolated from red ants. Wma'inrwmmm ant.

wmﬁdm vinegar, The Latin word
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211 + 21.2 Classifications of Organic Compounds + Structural Formula

10.

Organic chemistry is primarily defined as the study of compounds containing
which two elements?

(a) Hydrogen and Oxygen (b) Carbon and Nitrogen

(c) Carbon and Oxygen (d) Carbon and Hydrogen

Which of the following is considered as an inorganic carbon compound for
historical reasons?

(a) Benzene (b) Ethane

(¢) Calcium Carbonate (d) Methane

What is another name for open chain organic compounds?,— = ,| ]‘ﬁ 3" )
(a) Aromatic compounds (B) .5 cychg: mﬁgﬁaumv

(¢) Heterocyclic compounds_ : ‘nu@l Pi}: lig; &%pmﬁnds

A compound with a v.:«:unfnfl‘m:marH fqﬂ !bfu.éirrbon atoms without any branch is
called a: WA

o]\ "-'l.
(a) Branchcdkph dj l[.iomrlound (b) Aromatic compound
(c) straight cﬁam compound (d) Cyclic compound
Cyeclic compounds containing only carbon atoms in the ring are called:
(a) Acyclic compounds (b) Homocyclic compounds
(c) Aliphatic compounds (d) Heterocyclic compounds
What is the general formula for saturated alicyclic hydrocarbons?
(a) CyHpn (b) C,Hzn2 (¢) CyHzpe2 (d) C.H,

Which molecule is a common example of an aromatic compound containing six
carbons and atternate double bonds?

(a) Cyclo butane (b) Benzene (c) Propane (d) Cyclohexane

A formula that shows the relative position of every atom and all bonds
represented by lines is called a/an:

(a) Empirical formula ' (b) Condensed stru;.{(uml fﬁﬁﬂﬂfﬁh‘u

(¢) displayed structural formula (d) Mgl;cu]gr‘?ar{dl?lt_

Condensed structural formula of E pj: N H SRR

(a) CHs=CHs ~ (b) CHﬁﬂwCIﬁn Q) e s (d)CH; — CH, — CH,
Condensed structural fcrrmﬂl'"a of. But-2-ene is:

(2) CH;-C @RI} NN 0% (b) CH; - CH;— CH, ~ CH;

(¢) CH;- CH“"CH CH; (d) CH,=CH - CH,—-CH;




11.
12,

13.

14,
15.

16.

17.

18.

19.

20.

21.

22.

IR IR ERAE] Homologous series + Isomerism + Funclienai Group

What is the general formula for tlﬁ gm’m w{*ﬁ"‘- 1 ﬁ (GRS
A

(a) CiHang (b) GHasa | VZ\ L}ﬁ “ Y d) CHan
Which of these hydrqcpﬂfﬁi}ﬁ,sﬂlqﬁa@ﬁﬁbt" ow structural isomerism?
(a) Pentane F;;’J‘é@lﬁﬂ Butane (¢) Hexane (d) Propane

TN

The functﬁiihijg"rﬂ'np (~OH) attached to an alkyl group identifies which
family? )

(a) Alde hydes (b) Alcohols (c) Ethers (d) Phenols

Which functional group is present in both Aldehydes and ketones?

(a) Amino group (b) Carbonyl group (c) Carboxyl group (d) Hydroxyl group
Which is the name of the simplest aldehyde also known as formaldehyde?

(a) Propanone (b) Ethanal (c) Methanol (d) Methanal
It is a compound containing a Nitrogen atom in its functional group.
(a) Methyl ethanoate (b) Methyl amine
(¢) Acetone (d) Phenol
What is the specific functional group for Ester?
(a) —CHO (b) - COOR (¢) CO-NH,  (d) :}g%”\
Which of the following is the formula for on W : G{Egﬂ_;u u
() CHy=COOH o\ =\ 24 ([ CHy =N
If a hydroxyl (—Ol{l#t\ﬂ\lﬁ\ kn,hﬂe'h to a benzene ring, the compound is a
member of; ﬁxj@{’_r--!J o\
NN
(a) Phenols (b) Alcohols (c) Ketones (d) Esters
Successive members of a homologous series differ in molecular mass by how
many units?
(a) 12 units (b) 16 units (¢) 2 units (d) 14 units

Naming Organic Compounds

Which part of the TUPAC name indicates the number of carbon atoms in the
longest continuous chain?

(a) Infix - (b) Root (c) Prefix (d) Suffix
What is the TUPAC root for a compound containing seven carbon atoms?
(a) Non- (b) Hept - (c) Hex-— (d) Oct—

An alkyl group is formed when an alkane loses how manyﬂydruggﬁt\ﬂms?
(a) Four (b) Two : {-::)_ﬁH Th;F% fl,df(dj_gﬂex WA
What is the correct [IUPAC namp{gﬁgﬂi—ﬂ@muﬁ Q_ﬂ;},‘!—'ﬁﬂ}?

(a) Ethane (b) Rentane.\| ';_;_;lﬁﬁ:&LBu‘tﬁﬁé ~ (d) Propane
What is the [UPAC pame for lsopropyl Alcohol"?:

(2) Propanefgiul/ o "~ (b) Ethanol

{c} Butan'- 2 — of (d) Propan-1-ol




26.

27.

28,

@ 2 6. 3.0 4.6 .5 @ 6. 0 R (R )
€ 9. @ . 10: () 1L B 12 6D 18 (b) . 14, (b)

14
8.

Esters are prepared by the reaction between: Ko\ GOME

(a) Aketone and an Aldehyde B)-AnTicotd] a6’ carboxylic acid
(¢) An Alkane and an Alkene |\ -7\ ((d)\An\Antihé and an Alcohol

What is the commoniame far Fthadoic acid?

(a) Butyric acid _ .:_,xl{li'g"%ﬁgﬁ‘dééiﬁ' (¢) Propionic acid (d) Formic acid
The root Brop.+!/corresponds to how many carbon atoms?

(B) 2 1t (b) 3 () 4 (d) §

15. (d) 16 (b) 17. b) 18. (a) 19. (a) 20. (d) 21 (b)
22. ® 23. (d) 24. (c) 25 (a) 26. (b) 27. (b)  28. (b)

/ Additional Short Questions /

Short Answer Questions prepared in the light of new Examination Technigues
(Knowledge, Understanding, Application, Analytical & Conceptual)

o T —

211+ 21,2 Classifications of Organic Compounds + Structural Formula

li

Ans.

2,

A\ T
Define Organic Cheniﬁxtlwﬁ '. \\\L _\:\f_‘}_{_j B/

-Organic ChemistryyOkgan el'fémistly is defined as that branch of chemistry in

which woqjls{?r@ ohipounds of carbon and hydrogen (hydrocarbons) and their
derivatives. - '
What are organic compounds?

Ans, Organic Compound: An organic compound is a chemical compound primarily

Ans,

Ans.

Ans.

composed of carbon atoms that are covalently bonded to each other to other
elements. A part from carbon, majority of organic compounds also contain
hydrogen.

Why are carbon oxides and carbonates studied in inorganic chemistry despite
containing carbon?

Carbon oxides and carbonates are studied as inorganic compounds for historical
and conventional reasons, as their properties align more closely with inorgonic
substances. o

How are organic compounds broadly classified? AN EE AN
Organic compounds are classified into two mhain m{,ﬁng}_:j gec™
()  Open chain or Acyclic compaunds | ( () |\ \-. \SREP

(i) Closed chain or Cyelj f{t&fm@aﬁ younds
Distinguish between ﬂﬁh; \chain and branched chain compounds,

Straight atmﬁﬁ;]-ﬁ "ﬁtbms are linked in a continuous series (e.g; n-Butane).
Branched 'chain: There is at least one "branch” or side chain of carbon atoms




attached to the main chain (e.g; 2-Methylpropane)

6. What are Aliphatic compounds? Q] / (J 2.

Ans. Aliphatic Compounds: Opcn cah\a,mE ergh“o!m&é aluﬁg with certain cyclic
compounds are called al

7.  Define Homocycl tﬁmpounds
Ans. Carbocycli«q QJ; ﬂs These are cyclic compounds where the ring contains

carbon at-:}m only.

(i) Alicyclic compounds (ii) Aromatic compounds
8. What are Carbocyclic compounds further classified?
Ans. Carbocyclic compounds are further classified as:

(i) Alicyclic compounds (ii) Aromatic compounds
9,  What are alicyclic compounds? Give their general formula and examples.
Ans. Alicyclic compounds: The carbocyclic compounds which contain a ring of three or

.more carbon atoms and resemble aliphatic compounds are called alicyclic

compounds.

General Formula: C H,,

Examples: Cyclnprupenc Cyclobutane, Cyclohexane, Cyclohexene ' w
10. What are aromatic compounds?

s \ (C Oj “
Ans. Aromatic compounds: These are F:&Sl}lﬁ \hg ntam one benzene
ring. A benzene ring has, @l w 111r¢e alternate double and single
und

C© Ol

bonds.

11. Define He

Ans, Heterocyn mpnunds Cyclic compounds in which the ring contains other
atoms along Wllh carbon atoms (such as nitrogen, oxygen or sulphur) are called
heterocyclic compounds,

12. What is a structural formula?

Ans. Structural Formula: The structural formula of a compound shows the
arrangement of atoms and bonds present in that compound.

13. Define Displayed (Full) structural formula.

Ans. Displayed (Full) Structural Formula: This formula shows the detailed structure
of a molecule showing the relative position of atoms, the number and type of bonds
between them. The bonds are represented by lines. -

14. What is condensed structural formula?

Ans. Condensed Strucmrnl Formula: This furmula stlllﬂusTmrﬂﬁ t{tﬁ)ﬁ%‘%nded

15. Define the term 0 _-_.- 3¢
Ans. Homulngq@ff Cirgamc compounds have been classified into various
families. Each family contains closely related organic compounds, as their structure




and chemical properties are similar. The dlff:rm’. &mt&txmx‘knawn as
homologous series. AT reAtss

16. What is isomerism? N\ .; 1\‘3 I'I

Ans. Isomerism: Two or Jﬁbpq;‘!:" 6 @s Ing the same molecular formula but
different structura ulae-and properties are said to be isomers and the
phenome onis caifled structural isomerism.

17. Which is'the ' simplest hydrocarbon to have structural isomers?

Ans. The simplest hydrocarbon to have structural isomers is butane (C,H,,).

18. Why do Methane, Ethane and Propane not show isomerism?

Ans. Methane, Ethane and Propane do not show the phenomenon of isomerism because
each exists in one structural form only.

19. Name the two structural isomers of Butane (C H,,).

Ans. Two structural isomers of Butane (C,H,,) are;
® n- Butane (straight chain) @ 2 — Mathyl propane (Branched chain)

20. Name the two structural isomers of Butene (C H,).

Ans. Two structural isomers of Butene (C,H,) are:
e But-lene e But-2-ene

21. How many isnme_rs do pentane has? A~ ]| HJJ(» ) K: WA

Ans. Pentane has three isomers. ' (@

22. Define functional group. ﬂr’ U \.'

Ans. Functional Group: @ @g}:ﬁr he deﬁned as an atom or group of

atoms that determ f:r%m cnst:c prnpcmes of an organic compound.
For E T‘ﬁd&‘ ily of alcohols have its characteristic properties due to the

presence —DH (hydroxyl) group, called the functional group of alcohols.
23. Distinguish between Alcohols and phenols.
Ans. Alcohols and phenols both contain the Hydroxyl group (-OH).
Alcohols: In alcohols, the hydroxyl group is attached to an alkyl group (e.g.,
Methanol).
Phenols: In phenols, the hydroxyl group is directly attached to a benzene ring.
24. Give one example of an Amide group Compound.

0] 0
i [l i Il
Ans. Formamide H=C=NH, (or) Acetamide CH, = C - NH,
21.6 Naming Organic Compounds
25, How are IUPAC names of alcohols derived? \ €0 ﬁi 11 \
Ans. The ending " ¢’ of the parent alkane i ls ”“‘1‘(2»1‘.l| r( 2\ \o~

Example: Methane becnmcs Mq L};jk \"\ ! ) L
26. From what formic n

Ans. Formic acid was f' l,l::t! om Ted ants.

27. What does, ﬁhlﬂt ean"

Ans. The latin'Word Formica means ant,




28.

Ans.

29,

Ans.

30.
Ans.

31.

Ans.

32.

Ans.

From what acetic acid was isolated? - A \n.

Acetic acid was isolated from vinegar. .~ N\ {iz 2 7 ‘5 “ (O

What is the Latin word for vin ,’? - ” ) “._}:\" i ! ¥

The Latin word for vmegarrtg \”-. W v* =

What are Esters an ﬂ\a}\ are ey ‘used for?

Esters: Eqﬁﬁd{:@h@thmellmg compounds.

Use: They'are commonly used as flavouring agents in certain food items.

How is an Ester prepared?

An Ester can be prepared by reacting an alcohol wlth a carboxylic acid in the

presence of an acid catalyst.
CH,CH,COOH + CH, - CH,OH _H CH, CH,COOC H,CH; + H,O

How do you name a Carboxylic acid in the [UPAC system?
Replace the ending '—¢' of the alkane with '-oic acid".
Example: Ethane becomes Ethanoic acid.

Exercise Questions (Solved)

ey
FEANSANA SRS -~ = ] 'l‘\:‘i
| A. Multiple Choice Questions t > mf JLT‘P“

w
1.

Choose and tick the nup'ect any ,r M lidices.

\ca HC - CH - CH,
Choose the cnrrﬁ( ’UEP \@ﬁﬂﬁﬁ’for the compound P:H
o= ]
(a) Butwg\c] I“ (b) But-1-ene (c) But-2-ene (d) Butene
Select a branched chain compound. '
CH, = C=CH - CH,
(a) CH, =CH - CH; - CH; (b) (I:H
|

(C] CH; = C-CH-CH; (d) CH; = CH=CH;- CH3
Which is the displayed formula of ethanol?
(a) CzHgOH (b) CH; - CH] - OH

0 Hiadl

H-C-C-0H H-C-C-0O-H

(c) That! (d) g

H H H H
Identify the aldehydic functional group among the following:

O 0 O
I b) & ¢) —OH _ (d) ~d57)
(a) -C-0H (b) " (¢) e i"?‘*":'ﬁ \ {S:thc 1\
Select the general formula of nikync}fnmi]?\ a\¥G 1 A
,11_ -’l' .' I

@ o, (BYCoHar R (@) B U (@) ot

WS
How many structunﬁl\isﬁhﬁﬂ Ii be there for a saturated hydrocarbon

having five TA libdh_hitbm'é“ -
@2 UV (b) 3 (c) 4 (d) 5




7. Which ester among the following will be uned ethylprnpppulte?r ;.{‘ui

: A e
®) cH,-C-ocH, W5 @){ tﬁu,ﬂ“c LocH,
Q AL

i 5
©)- on,-c- OCH ] o\ WIULE CH, - CH,~ C - OCH,

8.  Which fun h[g#&up is present in alkenes?

(a) No Functional group (b) Carbon - carbon triple bond
(c) Carbon - carbon double bond (d) Carbon-carbon single bond
Answerg

L ® 2 ® 3 @ 4 @ 5 (© 6 (b
y AR R

I B. Short Answer Questions

21.1 What'is the difference between saturated and unsaturated hydmcarbum?

Ans. Saturated Hydrocarbons: The hydrocarbons in which all the four valencies of
carbon are utilized using single bonds only are called saturated hydrocarbans or
alkanes. 1,“ E L}H,N‘"b
Unsaturated Hydrncarhona The h ‘It’ast one double or

triple bond are called unsaturated hy Atbons: L U
21.2 Write down the structu l@.‘}«@l@ utan-l-ol
G&I CH CH CH,-CH,
Ans. The structurat utan-2-ol is

UH
21.3 Why is ethylamine CH, - CH, = NH, called an organic compound?

Ans. Ethylamine (CH; — CH, — NH,) is called an organic compound because it is a
derivative of a hydrocarbon where a hydrogen atom is replaced by an amino group
(=NH,).

21.4 Write down the formula of an ester called ethyl methanoate.

Ans. The formulae of an ester called ethyl methanoate is as follows: HCOCH,CH,.

21.5 Define structural isomerism. :

Ans. Structural Isomerism: Two or more compounds having the same molecular
formula but different structural formulae and properties are said to be isumcrs and
the phenomenon is called structural i isumensm

21.6 Give IUPAC name to CH, - CH,~-CH, - 5\ o=

Ans. The IUPAC name for CH, — CH, — “-TTC k k‘\A la\fbons in a straight
saturated cain) - N ""

21.7 What is common in :nrl{q\xnl\gj'h}dﬂ nmlde functional group and ester

functional group? Julj
Ans. The cummon\fg&rrt in thc carboxyl group amide functional group and ester

'?Ik |'|| " 3 lIL




functional group is the carbonyl goup (C =0). o Ci\ (CON
All three groups contai rbon ato & = axygen atom.
groups contain a carbon atom g?ubii\ﬁ?m\l: gen atom

bt L L LT T T ] b

C. Constructed Response Questi \'\k '*:_L‘,_j

21.1 Why the members of att nalogous'séries have similar chemical properties?

Ans. The memmww s have similar chemical properties due to the
prerence of!f WA e functional group. Because the reactive part of the molecule is
identical across the series, they under go the same types of chemical reactions.

21.2 How are the properties of 2-methyl propane different from n-butane, both
containing the same number of carbon atoms?

Ans. Even though both share the molecular formula C4H . they are structural isomers,
meaning their atoms are bonded in different arrangements.

®  n-butane is a stright - chain alkane. It has a larger surface area, leading to stronger
intermolecular forces. This results in a higher boiling point (0.5 °C).

®  2-methylpropane (isobutane) is a branched chain alkane. Branching_makes the
molecule more spherical, decreasing its surcface area and weakening the

intermolecular forces. This results in a lower boiling point (- 11.7 °C), _

,ﬁ\@uated

21.3 : .
1.3 Write down the structural formulae of isomel@%@)
Iz il It

hydrocarbon containing five carbon atoms \ f\él
Ans. A saturated hydrocarbon wi ji"?ﬂ 3 : pe Cs

isomers: :ilx;.r 0 "\l

has three structural

i  n-pentane: C s~ CH, - CH,
ii. IWNHHHWMEHHM}: CH; - CH (CH3) —CH; - CH,
1 ! I C‘H;
¢ - | Hq
iii. Neopentane (2,2 - dimethyl propane): (CH.),c = (I: c
CH,

21.4 Write down the structural formula of the isomers shown by butene.

Ans. Butene (C4Hj) exhibits isomerism based on the position of the double bond and the
arrangement of the carbon skeleton:

i.  1-Butene: The double bond is between the first and second carbon.
CH: =CH - CH; - CH;. '

ii. 2-Butene: the double bond in the centre. CH; -CH =CH - CH;, X

lii. Isobutylene (2 — methyl propene): A branched structure with, E:ﬂ?ulwgnﬂh
CH, = C(CH,) - CH, o..N\af rﬁi\] /' CAa

21.5 Explain the difference among fuj?ewﬁt%ufh} presentin aldehyde, ketone -

\ s
)

and carboxylic acid. © ‘ﬁ?ﬁﬂ.

Ans. All three contain the caﬁwﬂﬂ\ﬁrsjﬂé (C= 0), but they differ in whatelse is attached
to that Wbomﬂ‘i‘r NN @

®  Aldehyde: The carbonyl carbon is bonded to at least one hydrogen atom. It is




alwa s located at the end of a carbon chain.
3 bO \3\513

General Formula: R — CHO m‘i Si}
° Ketone: The carbonyl on ;&%@\;& n atoms. It is always

located inside the carhn
General .

e Carboxylic Acid: The carbnnyi carbon is bonded to hydroxyl group (~OH). This

combination is called a carboxyl group.
General Formula: R — COOH

: [ D. Descriptive Questions

21.1 What is an organic compound? How organic compounds are classified based

on the type of carbon chain present in them?
Ans. For answer see Q1
21.2 Explain structural formula giving examples.
Ans. For answer see Q2
21.3 Write down five characteristics of a homologous series. _f_ﬂ
Ans. For answer see Q3

) | ﬁ'-,_ *i‘

21.4 Give TUPAC rules for naming ?ﬁﬂlr \Nﬁ &hﬁ\ J@X
Ans. For answer see Q11 U \ _i‘“&
21.5 Name the \ggq E}um\g}

(a) Cﬂi{ CH OH (b) CH,-CH,-CHO .

(¢y CH,-CH,-CH,- COOH (d) CH;-CH,-CO- 0 - CH,
(a) CH,-CH,-CH,0H
Ans. Propan — | —ol
(b) CH,-CH,-CHO
Ans. Propanal
(¢) CH,-CH,-CH;- COOH
Ans. Butanoic acid
(d) CH,-CH,-CO -0-CH,
Ans. Methyl propanoate




