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T ‘ﬁ% Carbon and its
ERFES TR Compounds

i the tast Chapler, we came Lo know many compoingds of imporianee

e us. In this Chaplor we will stutdy sboud some mone inleresiing
compounds and their properites. Also, we shall be leaming abowul carbon,
an element which is ofimmense stanifeance (o us in both s elemental
form and 1 the combimed form.

Activ Things made | Things made | Others
ity 4.1 of meial of gless fcluy -
© Miake a list of fen thinigs you have tped - - =
o consmed | since. e martingg
» Compile (his sl with ihe lsis mode by
yemr lassades swnd then sort the ems 3 %
into the giljacent Tabie, \ .
« I there are fiems witeh aremmde op ol 1
mttﬂrlnrlcrun.t:ﬂanlumHﬂn-
both thi relepnt eolumns of the Gl )

Look sl the toms thal come 5 (e last oenlomn of the above tabile
et by vou—your teachier will be abie to ell von (el most of them e
made up-of compotuds of carbon. Can you think of a method (o fest
this? Whal would be. U product f 3 compoumn] contatning carbon s
burnt? Do yotrknow of any lest (o confirm this?

Foixl. clotbies medicines, books, or many of the things that vo listed
are all basatl on Uis versatle element carbon In addition. all vitg
strnctures are carbon based. The amount of earbon present in the earth's
crust and in the atmosphere is quite meagre. The earth’s orust has only
(kAN carbon In the form of minerals (like carbonates. hydrggon-
carbomales; coal and petmolewm) and the atmosphere bas 0,00% of carbon
dioxide. o spite of this small amouni of carbon avallable o patore. tie
tmipartance of carbon seems (o be tmmense. s Clupter, we will know
about the properiies of carbon which make earbon so imporiant Lo us,

4.1 BONDING IN CARBON — THE COVALENT BOND

In the provious Cliapter, we have stuidied the properiles of fonde
componmds, We saw thil tnnie compousids have high meltng and bofing
polnts and conduct electnicily tn solutlon or tn the molten stale. We also



saw how the nature of bonding n lonie compounids explitns these
propertes. Lol us now study the properties of seme carbon compounds,
Mosi carbon compounds are poor conductors of electrcliy as we
have seen tn Chapler 2. From the dits
given In Table 4.1 on the bolling and  Table 4,1 Melting potnis and botling potnts of same
medting potnts of (e carbon compournids, mrn;n:ruruis of tarbon

we nid that these compotinds have low
Lo tegile compotinds (Chapler 3). Wi cati point ﬂ'lil ‘l]

eonclude that the forces of attraction i'fmﬂ: ackl CHLCOCH

between the molecules are nol very

strong. Stmee these compounds are lﬁm"}_ :'ﬂl'ﬂ 33-1
largely non-conductors of clectriciy. we  Btlmngl (CHLCHL O 166 Al
can conchade that the bonding n these Mett iy i i

campounds does not ghve rise to any lons:

In Class IX. we learni abont the
combining capactly of vadous elrments and bow il depends on the
namber of valence clociTons. Lel s now ook at the electronic
confipuration of carbore The atomtc mimber of carban 1s 6. What would
be the distnbution of electrons tn various shells of carbon? How many
vialenee electrons will carbon have?

We know that the reactivity of elements is explained as their lendency
o atiain & completely [fled outer shell, that is, attain noble gas
cmiimration. Elemenis forming tonde compoumds achieve thishy efther
maintm or losing elecinons from the ontermost shell. In thﬂ[ﬂﬁi‘ﬂrﬁ-]rhﬂl]
1t s fonr electrons in s ontermost shell and needs (o gaty F Wose fowr
electrons (o atlan noble gas configmmatlon. I it were (o gain or lose
eliseirons—

(0 Tt eould gain four electrons frmng C* anton. Butd would be difeult
fier the onelens with s protons (o hold ontoe (en electrons, that ts,
four extra ¢lections,

1 could Jose four electrons lomming C% aatlon. But i would regquire
& larEe amount of enietgy Lo Temove fonr eleetrons leaving belind a
carbon catiog with sixX protons I ils micleus holding on (o just two
clecirons,

Carbon overdomes this problem by sharing (s valetice electrons with
olher atoms of cathon or withi aloms of olther plemenids. Nol just carbon,
bul many olher elements form moleciles by shannge electrons in Lhis
manner, The shared slectrons ‘belong’ (o the autermost shiells of both
Lhe stoms and lead (o bolh albms atfaining the noble ms conflsmiration,
Hefore going on lo compourds of carban, el us ook Al some Simple
malecules rned by the shariog of valenee eleetrons:

The stmplest molecule formed in thils manner 1s that of hydrogin,
Asyott have learnt earller: e alomie ramber of hydrogen (s 1. Henee
hvtdrogen [s one clectron n s Kshell and 1 regolies o more clecelion
Lo 1 e K shell, So two Livimogen atoms shiare Uelr elictrons (o form &
moleeule of hydrogeti. H,. This allows each Iydrogen ston Lo atiai te
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Figure 4.1
A motorude o fugoirogen

electronie configuration of the nearest noble gas,
Fvehragui nisrs heltum, which has two electrons i its K shell, We can
diepiet s using dots or crosses (o reprisenl valence

clectrons [Fig. 4.1).
The shared patr of electrons 1s sald (o constitule a

_ Ti triolesrile stngle covalent borkd between the two hydrogen atoms

A single covalent bond 18 also represented by a line

Biswes wlistsome Betwoeen the iwo atoms, 35 shown in Flg 4.2,

The atomie number of chitortne (s 17, What wouid be (s electonie
confiignration and tis valeney? Chlorine forms o diatomic mpleeule, CL,
Can you draw the dlectron dot stricture for this molécule? Note Hial
antly Lhe villence shell clectrons need 1o be depleted.

I o case ol oxygen. we see U formetlon ofa doable bond Detweerni
Iwo oxypen dlems, This s becaust an atom of oxype:n Has six electrons
tn 1t Loshdl (Lhe alemic samber of oxyeen 1 alglit) and 1 requires two
mom dlecirons o complele L8 oclel. So each atom ol oxypen shares two

Stngle :ﬂid petween electrons with another atom of oxygen 1o give us e strociare showr in
tuxy hygrirogen aloms Flg. 4.3. The twno electons contributed by cach oxvgen alom give rise (o
two shared patrs of elecirons. This s satd to constitute a double bond

% ¥ %X between the two atoms.
o) § ; () Chomis i Can you now depict & moleoule of waler showing the nature
XX XX oi bonding beiween one oxygen afom and two hydrogen

Flgure 4.3
Pt Bomml bediwsen
1000 e e i ors

atoms? Does the molectle have smghe bonds or double bongds?

What would happen in the case of a diatomic molecule of
nitmogen? Nitrogen has the atomic number 7, What would be
s plestrontc comflguration and s combining capacity? in
oreler Lo attatn n ogtel, edch pitrogen atom m & malecule of
nll_;_'rmt_mmﬂtmlps thiree electroms gving Tise o thiree sharod
pairs of electrons, This 5 sand 1o constiiute a triple bond
betwren the two atoms, The electron dot structure of N, and
s triple band can be depleted as n Pl 4.4,

Amulecle of ammonta has the formula NH,, Can you daw
the eleetron dot striselure for this moleeale showing how all
four aloms achieve noble gas confimration? Wit the molecule

® x < X Nit ., . = :
¥ Ni ;N:{ Mroun ud e by ﬁtllglt'. double oF t[jiﬂ.{l li"]l_'hi?

NN

Figure 4.4
Triple bond betiedn

TLEX TG ey ) DTS

T, et ile

Lot us now Lake & look at methane, whitch is a compourd
of carbon. Methiane is widely used as a fuel aml 18 a major
cemponent of blo-gas and Compressed Naturml Gas (CNG). [
s also one of the stmplest compounds formwsd by carbon,
Melhane has & formula CH,. Hydrogen, as you know, has a
vilenoy of 1. Carbugi ls tweiravalenil becarese [ has four valence
electrons. norder Lo aclileve noble sas conflomraiion. carborn
shares Lese clectrons with four aloms ol liydmogen as showi
I Fig. 4.5.

Such bonds which are formed by thie shartng of an clectron pair
belween two atoms are known as covalenl bonds. Covalently bonded
molecitles are seen to have strong bonds within the molecule, but inter-
molerular foroes are weak. This giviss rise to Lthe low meltng and bailing

Selemoe

ol el i



poimts of these camponds, Stnee the dectmons are shared belween
aloms and no chargd particles are formesd, such covalent compatinds
are geperally poor canduetors of elecinicity.

Allotropes ul:r:ufhun

The clement carbon occurs i ditferont formisn pature with
widily varying physical properties. Both diamond and
graphite are furmed by carban aloms, the difforence s tn
the manner in which (he carbon atonis are botded (o one
anoller. In dismond, each cartion atom s bonded Lo foir
other carbon atoms forming 4 Tipid ree-dimensional
stroclure. In graphite, each carbion dlom s bonded o Tree
otler carbon atoms i e same plisoe giving & loagonal army.

Cmo of these bomds is a donble-bomd. and thus the valency of
carhon is salisfied. Grmaphite stuctum s formed by the

hexagonal arrays being placed in layers one abovn the other:

aﬁ,
4 .‘?1*1.

The sirictiure of diamond

Thesiructune of C60
Puckminsteriilrene
These two different struotures gestlt i disnmond and graphite having very difieront
phiysical properties even thongh thetr chemieal properties are the same: Mamond is
H}Phﬂfﬂiﬂﬁﬂﬂﬂﬂkﬂﬂﬁﬂiﬂkgﬂﬂh&lﬂﬁmhmw Graphite {salso
amfymnm:tnﬂurﬂﬂmmﬂtyumlhnmm‘unﬂ-mﬂahthmm studter] 10 the
previous Chiapter. -
Dinmonds can be synthestsid by.-mh 2 pure carbxin to very high pressure and
temperature. These syntheticd are stuall bul are oflierwise indistingsbiabie
from natura! diamonds.
Fﬂﬂﬂmﬂﬁlhﬂﬂmtﬂtﬂﬂﬁmmaﬂdm The first one 1o be 1dentifled was
C-60 whitch lias carbion atoms srranged i Ui shispe o2 oolball. Stnce (s Inoked
Ike e poodosic dome destened by the 115 architect Buckminster Paller, the moleoule
was named fullerene:

More to Know!

~ Q UESTIONS

l Wi il b Ui edectiont dot struciure of caron ddostde sdilcs lms P
the harmmula C,?

= Wil el be e cleetron do stripctore of o makeeabs of smipfor wisels
ts e up ol f1ght ntams of smipor? (Hint - The eight aloms of sutphur
are Jolned toged bt (e form of a0 fisg)
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4.9 VERSATILE NATURE OF CARBON

We have seen the formaton of covalemt bonids by the sharing of
electroris n varions elements and compounds. We liave alsoseen Hie
strudiire of a stinple carbon compound. mothane. In the beginnlig
of the Chapler, we saw llow many Liines we use contaln carborn I
fact, we ourselves are made up ol carbon compounds, The numbers
of carbon compourds whose formufae are known (o chemists was
recently estimated (o be m mifllons! This outnumbers by 3 large
margin the compoungds (ormed by all the other elements pul logether,
Whiy 1s 11 that this property is seen in carbon and no other element?
The nature of the covalenl bond enalides carbon toform a large number
of compounds. Two [etors notced tn the case of carban are -

M Carben has the untque abilty 1o form bonds with other 8loms of
cartxm, giving Tise (o large molecules, This property is called
catensation. These compounds may have lang chalps of carbon,
bmnched chatns of carbon op even carbon atoms arranged W rings.
In additton, carbon atoms may be iinked by stngie, doubie or triple
bopds. Compounds of carbon, which are inked by only smngie
bonds between the carbon atoms are callegd saturated compounids.
Compoinids of carbon having doubie-or trple bonds between thetr
carbon aloms are ealled unsaturated compounds.

No other element exhibits the property of calenilion to the extent
seen In carbon compounds. Stlitcon forms compounds with
hydrogervwhitch have chams ofupto seven o elghi atoms, but these
comipoumtsare very reactive. The carbon-carbon bond s very sirong
and henee stable. This pivies 118 the targe number of compounsds.
with many carbon atoms Hinked (o each other

() Since carbom has a valenoy of [our, it 1s capable of honding with

finr other atoms of carbon or aloms of some other mono-valent
element, Compoumids of carbon are formed with oxygen. hydrogen.
nitrogen. sulphur, chiorine and many other clemonis giving rise (o
compoundswith specific properties which depend on the clernenis
other than carbon present i the molecule.
Agaln the bonds that carbon forms with most slhier elements are
vely strong making these compounids exceptionally stable. One
reasan for the formtion of strong bonds by carbon Bs 1s small st
This rmabiles the macteus (o hold on to the shared patrs of elecirons
strongly. The bonds formed by elements having bloger atoms am
much weaker.
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Thit wo characterishie leatires seen th carbon, thal s, tetrmvaliney and catemuition, pul
memmammwmmmﬂamhmummmmmﬂm
“alom or group of aloms dttached (o different carbon cliatus, These compounds were
Amitially extraeted from natural snbstapces and 0 was thought that these carbon

o7 organic componds contd onfy be formed withtn  iving systens. That s,
1 was postulited tial a vilal foree’ wes necessary far thiefr synthests. Friesdrich Wohier
disproved this tn 1828 by preparing ures lrom smmonium cyanate, But carbon
compounds. excepl nrmmmmmanrmm carbomate and hydrogencarbomste

mﬂsanﬂmmmbeﬁndmmwmwnmm

4.2.1 Saturated and Unsaturated Carbon Compounds

We hayir already seen the strachire of methane. Another compound
formed between carban and hydrogen 1s othane with a formula of CH,.
in order to ammive at the structure of simple carbon
compourds. the Nirst step 15 1o Unk the carbon alams
fegether withl 3 stigle bond (Fig. 4.6a) and then use the
bvdrogen atams th safisy the remalning valencles of carbaon
[Fig. 4.6b). For example. the structure of elhane is arrved
I the followiig steps —
C—C Step 1

Figure 4.6 (o) Carbon atoms tnied together wiih o strghe bond

Three valentes of each carbon atom remain unsatsfied.

s0 each 1s bonded (o three hydrogen atoms giving:
HH
H-Cc-C-B Sep 2
HH
Figure 4.6 (b Each carbon aiom bonded (o three hudrogen atoms

The efectron dol structure of ethane s shown (n FIg. 4.6(c),

Can you dmaw the sirocture of propane. which has (he moliscihlar
forrula C.11, i a stmflar nsnmes? You will see that the valencles of all
the atoms ane satisfied by single bonds between them. Such carbon
compoinds are called saturated compounds, These compounds ae
rHsrTnlly 0] VeTY Teaciive.

However, another compound of carbon and hydrmgen has the formula

L,j}l and ts called elhene How can this molecnle be dopieted? W fllow
I EEHHH. Step-wise approacly as dbove

Carbon-carbon atoms linked together with a single bond (Step 1).

We see thatl one valency per carbon atom remalns unsatisfied
(Step 21, Thiscan be satsied anly if there 1s @ double bond between the
two carbons (Step 3).

Cortwm o] fts Copopsomids
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The electron dat structure for elbiene is given in Filg 4.7,

Yol another compdimed of hydeogen and carbon has the formula
C.H, and Is called ethyne, Can you draw the electron dol
stricture for ethynie? How many bBonds ame necessary belweernt
the two carban atoms in ortler to satisty thelr valencles? Such
rompounds of carbom having double or inpie bonds hetween
thie carbon atoms are Known as imsainratod carbon componmds
and they are more redctive than the saluraled carbon
compounds,

Structure f it 4.9.9 Chains, Branches and Rings

in the earller section, we mentioned the carban compounds melhane,
ethane and propane, contalning respectively 1, 2 and 3 carbon atoms
Such 'chains’ of carbon aloms can conlaln many more carbon dlons,
The ranes and sirictinres of six of these sre piven 0 Tible 4.2

Teble 4.2 Formmlse and stmclores of salurlod compounds of carboti and hvdrogen

| B8
W Progune | E]H.- H:"(‘:—{j.‘.' -—1’r"-- H
W HH
H'H H H
g !
4 Burtire ol 1 I8 H""f "]é_‘::‘-"}"_ﬂ
H H H H
HHHHH
B Pentane CH, H-"Jl' -{:_é:-(::_é'ﬂ
HHHWH
H i i AR
& Hesesitio CH,, s el R
HHHHHN
3 SelEmoe
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Bal, Jet us take another look dt butane. If we make the carbon
“skeleton” willi lour carbon aloms, we soe Ul two different possihle
skelolons dre —

C

C—C=C=C e c:._c

Figire 4.8 fa) T possibile carbor: skitlelors

Fillmg the remating valenctes with hydrogen gives us—

H
HHHEH i e
H-C-C-C-C-H HC}“FCH
HHHH HHHH

Fugure 4.8 {b) Complote moleoules for toe stmsctures oo formuoda C H
We see that both these struciures have the same formula C 1 Such
componnds with fdentical molecular formuta bt different structarnes

are called structural 1stemers. . _
tn addition to stralght and branched carbon chatns, some compoinds

lusve carbon atoms arranged i e fonm of A iing. For oampie. cyclohoone
has the farmula CH,, and the fllowing strctinre —

H HH H
B C g
; . C. c
C C ,

6 H™ 'C——¢ 'H
H HH H
fim it

Figure 4.0 Structire of Gcloheane {of edrbon skeleton [b) complite molecule

€an you draw the electron dot stmicture for cyclohexane? Straight

chiatn, bromehied chiam and eyelic carbon compomids, all miy be saturated
or unsaturaled. For example, bereene, C H,, has the fiollowing strciure -

H

L]

.C
HC C-H
e C & Ty, WA
Ao Benzene —C H,
H - .
Flgure 4. 10 Siructure of benzene
All these carbion compounds whiclh conain only carbon and
hydrogen are catled bydrocarbons. Among (hese, the saturated

hydmearbons are called alkanes. The unsaturated hydmocarhans which
cantatn ane o more double bonds are called atkenes, Those conlaiing

onie or mare iple bonds are called atkytes.
4.2.3 Will you be my Friend?

Carbon seens (0 be a very Wiendly element. So farwe Bave been looking at
compourics contatning carbon and hydrogen only. Buol carbon also forms

Cortwm o] fts Copopsomids
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honds with other elements such as halogens, oxyuen, nlirogen and sulplor,
I & ylirocarbon cliain, one or more Iydmogens cin be replaced By these
elermenits, sucly el e valency of carbifi rematns saltsed. In sucly
compounds, the element replacting hydrogen is reformed to as a holeroaiome
These eteroatoms are also present 10 some groups as given m Table 4.3,

Table 4.3 Sorne fndtional groups in carbon compounds These heleroatoms and

the group contalnlng

Betern Cloas of Formula of these conler specille
atem cmporaned s funetional group propertles (o the
compmind. regardless

Cl/Br

_ _ of the length and nature
Halo ((hloro /o) —CL, —Br. ol the carbon chatn and
alkane (subsittutes for hence  are  called

hytlrogen o fimitionEl groups. Same
1. Alcashuish U mmportant faoclional
' groups are @ven-in the
. i ﬁhlm_:i.r-'rw?mmnnr
2 Atdetiyie o valencles of Abe-grou
' S are showiy by the !i.nghI?
e P fanctional goap
5. Hotone o= ts ateuetiod (o the carbori
S O chain through this
B s ' 'I'i:ﬂi;nl:}' by replacing one
_ . crana. 5 hydrogen Atom or
4. Carhoylic ark| ; :_éq - Of RN e
4.2 4 Homologous Series

You have secn thal carbon aloms can be iinked togother to form chalns
of varying imglhs, These clutins can be bmanched also, In addition,
hydrogen alom or ol her alomis on these carbon chatns can be replaced
by any of the functonal groups that we saw above, The presence of &
furi-tonal group stuch as dieohol decides Lhe properites of the carbon
cotnponnt]. regandless of the length of the carbon chatn. For ecsmple.
the chiemical praperiies of CHLOH. C,H.ON. C_ IO and C FLOI areall
vory stmilar. Hence. such a series n[ mm;mu_ﬂds in which the same
functional groupsubstiiutes for hydrogen tn a carbon cham 1s called a
hnmologous series.

Let us lock at the homologous seies that we saw eariter in Tahle
4.2 Itwe ook at the formuke of successtve compounds, say -

H,and C,H, — these differ by a -CH,-unit
IL‘ [-; a[ult ll —  these differ by & -CH, - unit

Whit ts the difisence between the next pate — propane and butane (CH, )7

Canvou nd cul the difference th molecuilar masses Bebween Uiwese
pairs (the atomie mass of carbon 1s 12 v and the atomie mass of hvidrogen
51 uy?

Similarly. take the homologous series for alkenes. The first member
of the serics s ethene which we have already come across in
Section 42 1, What s the formota for ethene®? The succeeding members
have the formada CH, € and CH, . Do lhese also differ by a—CH -

Selemoe



unit? Do you see any relattiom botween the number of carbon amd
bvddrogen atoms in these compounds? The general formula for alkenes
can bewnitten as € H, where n=2, 4, 4. Can you simtlariy generate the
general formula for alkanes and alkynes?

As the molecular mass tnereases inany homologous serles, a
gradation in physical properties s seens. Tlis is becanse the melling and
bofling points inerease with increasing molecular mass, Otber physieal
properties such as solubdlity in s particular solvent also show s stmilar
sradaticn. Bul the chemical properties, which are determined solely by
the fnctonal group, rematn stmilar tn a liomologous seres.

Activity 4.2

© Caleulate the difersnee in (e Formubie amd molectilar meisses
for (n) CHLOH and CLELOH (h) CHOW and C 1L0H, and (o) C1HLOH
and CHfOH.

« s there any stmiarily i these three?

«  Arratije Uese alcoholis n e order of increastig cirbion dloms io
el a family. Con we call Uits family o homolisgins: serfes?

» Generafe the homologous series for compounds comsnlmng up
mmmummmmm,mmm v

4.2.5 Nomenclature of Carbon Compounds

Thie nammes of compaotnids th a homolegous sorfes are based on the niame
of the Basie carbon chatn modifled by 2 “prei” “phirase before™ or*suilx”
“plirase afler” mdicating the nature of the inetlonal group, For example.
Lhe names of Lhe aleoliols aken ttl_h.r'ﬂmtj! 4.2 are metlunol, ethanol,
propanol and ntanol

Naming & carbon compound can be done by the following method -

1 Identtfy the momber of cartson atoms e componnd. A compounil
having three carbon atoms wonld have tie mame propsane.

(i) In case a fuoctional group s present, 1 1S dmbicated i the
name of the compound with elther a prefix or & sufllx (as given
inn Table 4.4).

I the name of the fmctonal group is o be given as a suMx. and (he
sulfix of the functlonal group begns with a vowel a, e o, u, tien
the rmme of thecarbon clian s modifed by deloting the final ‘e and
adding the appropriate sufix. For example, a three-carbon chain
with # ketone group would be named tn the bliowing manner -
I‘m]huw o =propan + m:e*—pm]:nnnm*

() I the carbon chatn s unsaturated, then the tnal ‘ane’ tn the name
of the carbon ehain ts snbsitiuted by ‘one’ or yne as given
Table 44 For example. a three-carbon chatm with a doubide bond
woild be called propene and 11 has a triple bond. 11 would be
called propyne.

Cortwm o] fts Copopsomids
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Table 4.4 Numenclalure of organie compatiuls

Claxs of Prefix /Sl Exzmple
campennds
HoHH
L. Halo alkare !'nﬂh{hlm H—él! t l::-+{':l 'l"hlllr!'-'prnp.u.l‘l.r
bromo, el HHH
e
H-C-C-C-Be gomopropune
HHH
e n
2. Aledtiol Sty - ol Hﬁ?*?—?*ﬂﬂ Propanul
HHH .
BT
3. Aldehyde Suflx - al H"‘;:":I:‘ﬂ"ﬁ Propartiil
I H '
R A
4, Ketogw Snilllx - e H‘-'f '{E"‘f -H Propannie
IO H
4
5, Cartioxylie sl Stillty - e neil H'Jfl"--“}‘-"ﬂ"ﬂﬁ Prapinite actd
- IFH
| b
B Atkesies Sl - ene H=C~Q=C. "~ propent
Iit
_Q UESTIONS
1 How iy simicioml] l=omers cm yon dorw for periiane?
2 Whal gre the tWo pivperteés of carbon which beod le' U Inige moombey
of CHrHE GRG0 We it Oimmn 7
B Wil will e the Brmule amd dectmon dot sbmscinre ol eydiommilam?
14 Selemo
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4 Iraw the stovtines for the Iofllpwing  commponmaids
1y bl ackd (il omopenione
[ -yt e el el

*Are structiimid Isimers possiihles loe Linmopesilane?

B Floww wasialid yoour seeimie Ulne RORORR edmpoirls?
Cl,—Cf 8 1 Y
—f
in <l i il HC-D
HHHH
iy B-C-C~C-C-C=C-H
HHHH

4.3 CHEMICAL PROPERTIES OF CARBON COMPOUNDS
In this seciion we will be studying about some of the chemical properties

of carbon componnds. Since most of the fuels we use are elther carbon:

or s compounits. we shall first study combustion.

4.3.1 Combustion

Carbion, n all 1ts allotropic formms. burns n oxygen (o give carbon ddide
along with the release of heat and light. Most carbon compounids also
release a large amount of heat and light on burning. These are the
axidation reactions that you jeami abo in the first Chapler—

Ml C+0,—CO,+heat anl light
) CH, +-'.'i.—-!"u +H, 0 + hea! mmd el
g H CH, lHT—rH =00, -+ 1,0 + heat apd Nghe

Balameo e labter tworeaciions ke vou learal i the Arst Chiapter.

Activity 3 Activity 4.4
CAUTION; Thus Aottty needs the teficher's assistance. « Light o butiseh buriier and
+ Take adme carhon compounids [l:l.n'[ll'l.u.’liln'l:l'e. I:[:]_f,l.!'!li thie Ii.'l:l,',hﬂh’.’ i e

'wnlfmﬂn'wmﬂmh:mfgnmmmﬂhm ﬂu:-mr-i;‘“ Hrmuf
-Muummﬂummmwuwm . mmulﬂnwlw

© Plave i metal il Ih!Hﬂﬂ!.‘ s there 1os © When do you get' a blue
J m :dupmi Mamis

o the plate it ¢

Saturated hydrocarbons will genemily give s olean flame while
unsaturated carbon compounds will give a yellow fame with Jots of
bikick smioke, This results i @ sooty deposit on the metsd plate tnAgtivity
4.5 However, tmiting (e *mppl}*d atr resulls tn lncomplele combnstion
of even salumied hvidrocarbons giving a sooty fame, The gas/korosene
stove used al home las tnlels for alr so ial a suMidently oxyges-rich

Cortwm o] fts Copopsomids
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Do You Know?

.,

mixture ks burnl to give a clean blue Qame. Iyou observe the boltoms of
cooking vessels petting blackenod, 1L means thal the atr hotes ane biocked
and luel ts geiitng wastind. Fuels siich as catil and pelroletm lave some
amount of nitropen and sulphur o them. Thetr combusiion resulls n
the formation of axides of sulphur and nitrogen which are major

poiitanis i the ervironment.

Why do substances burn with or without a fiame?

Have you ever obsenved either 2 coal or 2 wood Ore? Ifnol the next 1me yau get &
chance, lake olose nole of whal happens whien the wood or coat siarts o burn You
Doy sisen abiowe thid & candle or (e LG e s stove burss with & Same. However,
voti will abhserve e ¢odl or chatooal i an ‘angitht’ someltmes Jusl glows rod and
izives onl hieat without & flame. This 1s becanse a fame 1s only produced when gascons
substances burr. When wood or chamoal 15 fgnited; the volaitle subsiances present.
vapourtse and burn with a flame in the beginming.

Aluminous Name 15 seon when the qloms of the gascous substanee are hoated and
Etart o glow, The colour produced by each element 15 a nhammmurmnrtynr
Ut element. Try ad Heal o coppor wire tn (he Rume of 2 gas sioveand obssive s
colour. You Liwve scen st meomplete combusion gives sool whitcl is carbon. On
this basls. what will you atiribute the yollow polgur of a canedie Name (o

J

More to Know!

Formation of eoal and petroleum

Coal and petralotm have been formed fom biomass which has been subjectod Lo
varions biolngical and geologiea) processes. Coalis the remains of trees, fems, and
olher phints: lhau llmﬁmlmsul yisers ago. These were crushed nto the carth,
pertiaps by earthquakes or volcianie eruptions. They were pressed down by layers of
carth and mock. They stowly decsyed into coal Ol and gasare the remalus of millions
of iy plants and antinils (hat ved in'he ses. Wihien they disd, thetr bodies sank Lo
Lhe sea bod arid were covered by sill. Bacterta aitacked (he dead rematns, urning
them nto ol and gas atder the hugh pressures they were betng subjected 1o
Meanwhillo, the sili was stowly compressed mio rock. The oil and gas seeped into the
porais parts of the Tock, and gof irappesd ke water In asporge. Can you guess why
nﬂﬂ!aml pr'uu'mmammihl fossil fuels?

4.3.2 Oxidation

AAFRFRFIFIIFRRIFIFITFIFII

Activity 4.5 You Have loarat
aboul eidation redctions in
Take abit 3 mL Al ethinl i @ test tube and warm - 1he first Chapter. Carbon

70

genily m.a nhﬂ'_huﬂl. compoinds can he eastly
Add a ﬁ'h tton of aikaline potasshim permangaie oxldised on combustion. in
drop drnp fo this Solutlon. additton to this complete

D= i ctdonr of polassium permimgnnnis persist wien oxldation. we Have reacitons

tthnddn:lmmnlm
Why dbes e colour 6] polassiom permingannie nol

Hisippeior when exeess 8 niided? arids -

in which alenhols are
converied to carboxylic
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o - ¥
CHly ~HDH Chrm Nl K070, + Henig

s UL COOH

Wi see that somit substances are capabile of addiding oxygen to others.
These substances are known as oxtdising agenits.

Alkaline potasstim permanganal e or ackdifiod polassium dichromate
are medidising aleohiols 1o actds, thit ts, adding oxyvgen to the stariing
matertal. Henee they are known as oxtdising agenis.

4.3.3 Addition Reaction

Unsatrated hydmearbons add hydrogen in e presence of catalys
stich as palladium or nickel o ghve saturted hydrocarbons, Catatysts
are substances that canse a reaction to occur or proceed al a different
rafe withont the reaction ttsell betng afliecied. This reaction s commonty
used in Lhe hydrogenation ol vegelable olls using a mleked catalyst.
Vegelable olls generally have lone unsaturaled carbon chains wiile
animal [ais have salnrated carbon cliatis.

HH

R R
o~ - bR

" 1] % R R

You mitst have seen advertisements stating that some vegelabile olls
are hieslthy'. Antmisl fals generally contam satiratod iy actds which
are sali to be harmiful for Beatih, Ots coniaimng nmsatunsitod Mty aclds
shotld be chosen for cooking,

4.3.4 Substitution Reaction

Satursted hydrocarbons are Gdriv unmeative and e mert tn the presence
ofmost reagents, However, in the presence of suntight, chiorme 1 added
to hydrocarbons in 2 very ast reaction. Chiorne can replace the hydrogen
atoms one by one. I 1s datied @ subsititalon reaction because ome fype
af atom or & group of aloms lakes the piace of another. A number of
products dre nsually formed with (e Jglier homologues of alkanes.

U, + QL -» CH,CI + HC1 (i tis presence of sunileht)

Q UESTIONS

1 Winy B the somverstan of elfinnad bo ellimiols deld o axldaiion reiboan

2 A miklure 6 aoygen nd elliyne 145 biored Tor welibhiy? . Cion visg tedl wiiy
a migture of ethivne ol atr & ool wssd?

4.4 SOME IMPORTANT CARBON COMPOUNDS — ETHANOL
AND ETHANOIC ACID

Many carbon compeninids am invaluable (o us. But here we shall study
Lt properites of two commme v ally importent compounds — ethanol and
ethanote achd.

Cortwm o] fts Copopsomids
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Activity 4.6

4.4.1 Praperties of Ethanol

Ethanoi isa lguid al room tempemaiere frefer (o Table 4.1 for the meliing

ane} biodling poinis of ethanal). Ethanol 15 cormmonly called aleohol and
ts the active tngredient of all alcoholie drinks. In addition, because 1t 1s 7
goodd sobtvienl, 1t s also used i medicines such as Uneture jodine, cough

syrups, and many lonics, Ethanol s also soluble in water in all

propartions, Copsumpion of small quariities ol diiute othanol canses
drunkenness. Even though this practice is condemned. 1t 1s a soctally
widesproad practice, Howover, intake of evena smatl quan(ity of pure
ethapol (called absohite aleohol] can be lethal. Also, long-ferm
consumption of alcoho! leads Lo many health probilens,

Reactions of Ethanol

1) Reaction with sodiom -

2Na + 2CH,CH,OH — 2CH,CH,O Na' +

Tenoher’s demonsirlion - frodnmm efhomile)

n smull

Prop piece of sodium, el - |
Ay S st Aleohols react with sodivan leading (o e

evolutton of hydrogen. With éthanol, (he other

B ot oteat MO product ts Sodtum cthiogide. Car you recal which
© What do you observe? ollier subsiznobs pmnlumlimwn on reacihing wilhi

© Hhow st yor test the g8 evolyed mielals?.

Do You Know?

and o dopress.

metital confuston, drowsiness. lowertng of the aormal mhibitions, and fnally stpor,
Thes trchivicdual may feel rekaxed without realistog i his serse of fudgement. scrise
of timing, and muscular coonlimation have been serously impatred

stk of methannl in very small quantiiies can catse death. Methianol

Uniike Eﬁﬁﬂﬂ

iy Reaction to gvieimsalarated hvdroearbon! Healite etlyanol at
443 K with excess concetitrabed sulphyiric actd results n Lhe
Jdehwdration af ethanol to give ethene -
CH, —CH.,nl-l—”,’-;';E,-'f,Lr:H = CH, + H,0

The coneenirated sulpluade actd can be egarded as a dehydrating
agent whilch removes water fmm etlmnol,

How do alcohols affect living beings?
Whan targe quaniities of ethanol are consumed, i tends to slow metabolic processes

the central neyvons system: This results 16 lack of coordination,

s eoxtihtsed] (o mettianal m the lver. Methianal reacts rapldly with the compouents of
cells. It conguiates the protoplasm, tnmuch (he same wity an egs (s coagulated by
vooktng, Molhanol also affécts the optio nerve, castig bitidvess,

Ethanol s an important mdusinal solverst. To provent the misuse of ethanol produced

for mdusieial use, 10 s mude unil for drinking by adding potsonous substances
ke methanol 1o 11 Dyes are also added to colour the aleohiol blue so that It can be

Identified eastly. This 1s called denatimed aicnhol.

Selemoe
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Aleghol as a fusl
Sugarcane planits are ons of the moest officient convertors of sunlight info chemical
‘energy. Sugarcanes julcecan be used to prepare molasses which is fermente=d to gise

aleshol fethanol). Somecountriss now use aleohol 35 an additive in'petulsince it ="
cleaner fuel shhioh gives rise to'onlv carbon dioxdde and wateron burning in suffieient

air foxvgen).

-

More to Know!

4.4.2 Propertles of Ethanolc Acid

Ethancic acid is commoniy called soetio aicid and
belongs to = group of Etul:is called carboxylic
acids. 5-8% solubon of acetic acid in water is
calied vinegar and s used widely a5 = meservative
in pickles The melting paint of pure ethanoie seid
is 290 K and hence it oft=n freezes during winter
in eold climates. This gawTiss to {t5 name glacsdal

Activity 4.7

* Campare the pH o dilute s2etic acid

-and dilute Gydrochliane agld using.
‘both uhnnspnpu:nnunlm.!
AT,

+ Are Doth aciés ‘indiafed' by the

Lime t=f?
The group of organic compounds ealled . Does the universal Indicator show
c=rbo=ylic acids == chviously characizrized Iy them a= gq:;nu;mg E0iAsT

their aeidis smhiwe. However, unliks mirera] scids
Hle=HCl, which are compleislyionisad carboxylic
ac=ds are =ezk arcids.

=T Tew L=
Activity 4.8 | | Teititilie
+ Take 1 mL ethanal (absaluts alcohol i
snd 1 ml glack] acetie acid ajmg
=ith 3 f== drops of nane«m&a:&ﬂ -
sulphurie 20id M 3 tesf tube " '
ki

» Warm in3 water-bath for 21 j=ast five
minutes 2« shown fnFg 4.1)

« Pbur inta = beaker cont
20-50 mL of v=ter and smell the

resulting misture,

Reactions of ethanoie acid:

fil Esteriffestion reaction: Esters are most commonly
formed by rezction of an arid and an alechad
Ethzanoic acid reacis with absolute ethanoi in the
presence of an acid catalvst to give an ester—

ctyon =22 oy, -C

Flgper

C11, - 00Ol 0T, -Gt - CIL, 0 1D

Rl bgmake gral) (Vi ezrd [Eker)

Generzlly esters zre sweet-smelling substances. These are used in
making perfumes and 2= flavouring agents. On treating with sodfum
hydroxdde which iz anallssli the'ssizria comeried back o zlechel
and sodium salt of carboxsle acid This reaction 5 known a3
qapumﬁnaﬂﬂn because it isused in the preparation of spap. Soaps
are sodium or potassium salts of long chain carboxvlie aeid.

Wirr o

Trjaiid Uil
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CHLODDCH — - C,H,CHACH.000Nx

Yl Remctionoith @ base: Like mineral rolds, ethapoie ack] reacts with
a base such ns sodtum byidroxtde to ghve a sall isodinm ethanoate
ar commanty called sodinm seetate) and waler:

NaOH + CHUCOOH — CHOOOND + 1,0
How does ethanoiec acld react with carbonates and
hydrogencarbonates?
Let us perform an activily to fnd out,

Activity 4.9

« Set up the appormioe as-shown o Chagter 22 Acitvity 2.5,

» Take 3 spatuln Ml of sadium carbondte dn s test (ube and add 2 il of dilute
el actd,

© Wil do you observe?

» Pass the Gis produced Hwough freshly prepared imeowaier, What de yon observr

» Cun the gas produced by the rection etween ethunote ard and sodiom carbomite be
wletibifiead by s fiee?

- mmmmmhﬂmmﬂnmmdﬂmmﬂmmls

i  Reactton with carbonates and hydrogencarbonates: Ethanoe ackd
reacts with carbotiates and hydrogencarbonates o give fse (o a
sali. carbon dinxide andd water. The sall produted is commenrnily calied

sodinm acetate,
2CH,COOH + Na,€0, — 20H,000N + H 0+ 0,
CHCOOH +=NalCO, — CHCOONG #1400+ 00,

Q U N S

1. How ‘would you distinjuidh expeimueittsily between oo aleolisl and
3 crnoxyile HeNE?

2 Wioil are calising agrils?

. 4.5 SOAPS AND DETERGENTS
Activity 4.10

© Teke abotil 10 mL of water sath i G test e,

»  Adddn drop of ofl (ool @l (o both the 2= abes
et fabed them s A wnd B

L To et titbe B add o few drops of soap sblution

¢« New shnke both the tesl (ubes vigourously for
the same period of tme,

© Can you see the o and waler Livers separaiely
m boily the test lubes fmmedintely afler you
stop shaking them?

© Lemve the test fubes imedistaried for some e
and obmscrve. Does the ol layer separte ot
I whilch test (ube dbes s happen Nest?

T4 Selemoe
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This activily demonsimites the alfict of sodap in cleaninge, Maost dir s

ofly In tture and as you know, off does pot dissolve 1o waler, The
molerules of soap are sodiim or polassium salls ol longchatn carboxyiie
acids. The jorde-end of soap interactswith wator while the carbon chatn
inferacts with ofl. The soap moleciles, thus form sbmctires catled
mileelies (see Fig. 4. 128 wiere anie emd of Lhe moleeules s lowands the ofl
droplet witle the lonte-emd fiees outstde. This forms an emulsion 1n
waler The soap micelle thus helps o pulling out the dirt tn water aml
wi can wash our clothe's clean (Flg 4. 13).

Can yoil draw 1he siTicture of the micelle (st would be formmed I

you dissalve spap i a hydrocarbon?

More to Know!

WWW@WWW%

Saupis are molectiles inwhich) ummmmlm mﬁmmgpmwﬂmmm Is hrythrapiilic.
that is, il interacts with water, while the otherend is hydrophobic. that 1s, il interacts

Tﬁﬁmﬂﬂm“‘hmmmﬂmm:ﬂdwﬂtﬁ mntuydrnxmwwq;m
will iot b sobihle tn water and the soap will align along the surface of water with the
e end m wealer und the hytdrocarbon ‘L’ protrading ot of water. nside waler,

gl e Wmﬂﬂ
H m;r-ﬂlﬁﬂk

== these molecules have & unitgque arientaiion el Kesps
'ﬂ’ g — the hydrocarbon poriton out of the water. Thus,
clusters of molerules i which the hydrophobie tatts
are in the miepor of the cluster and the jomic ends
are on the Surfice of the dusler. This ormstion b
called 4 micelle, Spap - the form of & micelle s able
ta clean, since the ofly dirt will be collected i the
constre of the micelle The micetles s{ay i solulion as
it collold and will not come (ogelher 1o precipitate
becanse ol toni-ion repulsion, Thas, the dirt
stisperidid n the micelles 15 slso casily rinsed away.
Thie soap micelles are large enough lo scattor ight
‘Henee a seap solution appears cloudy.

Flgure .18 Efect of soup i cieaning |

Carfwm g 1ts Compoumnits 75
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Activity 4.11

Have you ever obsorved wlille tial.hml, thal felm Is formed with
difficutty and an insoluhile substance (senm) rematiis aller washing with
ater? This ts caused by the waction of soap with the calctum and
magnesium salts, which cause the hardness of water. Henee you need
to use a larger amount of soap. This proldem 15 overvome by using
another dass of componnis called detergents as cloansing agents.
Detemgrnts are gmerally sodhum salis of sulphonic actds or ammontinn
salis with chiorides or bromides fons, ete, Both have longhydrocarbon
chain. The charged ends of these compounds do nob form inschabie
precipitates with the calciumand magnestum lons tn hand water This.
they remain eifective i Lard water. Delergents am usually uséd (o make

Take about 10 mL of distilled waler (of rain witer) onid 10 mL. of

bl wester|[from o Libewell or hunid-puemp) i separile tes) Hibes.

Addd . conple of drops ol soap sohution (o both:
Shpke e lest tobes viggrousty for anoequal pedod of Hme and

observe the amount of foam formed.

A whiich test tube do you el more fosm?
In which tist tibe do you obserne 3 while curdy preciptiate?

Aeke fr the Lot her IF Binred waster b not avallable tn yours locality,

preparé some hirld water by dissoiving hvdrogencarbonmies/

suiphmlesfehlorides of calcliom or magnestom o waler:

Activity 4.12

Thke twn (est tiibes with abont 10 mb of bard witer in eoch.
Add five drops: of soap soliton lnmnnmiﬂw;trﬂpﬂd‘dﬂtﬂmﬂ
soluiian o the other ;

Shiake boftr test mbes for the same pertd.
mmmmmmmmmtﬂm

=mmmutm&mnmmmm

shampoos atd products [or cleaning clothes.

ESTIONS

=

Wimibd yon b abde to check i water 16 hard by using o idetemgeni ¥

People ase o varisty af melhads 1o wsidh clotles. Usnally aller aililing
the soap, ey Twal” e clollis on 8 glone, ar beal 0wl 5 peelile,
si'muib willy & bruah or the miciore (s aititoted 4o 0 wasbibong oo,
Wi la agiintion niscessary (o g clean elolis?

78
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&= Y'hat you have leam?t

= Carbonisa versdlle clement (hat forms Lhe basts for all Iving organisms and many
ol the things we tiso

»  This lampe variely nﬂ.m‘npﬂﬂ]"ﬂ]ﬁ 1s formed by carbon becanse of its telravalency
anti'ﬂwlnn]rn}rﬂrmwnﬂunn that il extutbilts.

®  Covalent bends are (ormad hy the sharing of clecirons hetwoen two atoms so that
hoth can actievn & complelely Aited outermost shell.

= Carbon forny covalent bonds st ttself and other clements sudl us hydrogen,
oxyeen, sulphur. ntirogen ard chilorine.

= Carbonalso forms compounds contatntne double and triple boneds between carbon
atoms, These ciarbon chismsmay be in the firm of stratght duins, banched chisins
OF Tings.

»  The Elhlll‘l}*uﬁ:aﬂm fo form chatns gives ise (o a4 homologous setles urmmpﬂmds
trwhileh Uhe same functional amoug bs attached Lo carbon chains of ditteren) Yengths,

» ‘The mnctional groups such as alcohals. aldehydes. ketopes and r:a:hﬁxync aclds
bestaw charstteristie properiies to the tirbon compounds that coritatn (hem.
Gar‘bun and 1ts mpﬂu:ruism SOME u_rum' mijor tuu::nsuﬁl:ers.

L

s Theaciion nrsmpﬁmm dntergﬂntswhﬁmdm tie pnrsmmufhmh hﬁ'dmphuhﬂlcr
and hyirophilic grougs m the molecwe and s helps W entulsity tie oty dirt and
henes 1S removal,

% J
@ EXERCISES, \
1. Ethane, Wﬁilﬂiﬂﬂﬂ'ﬂﬂlﬂfﬁl‘ﬂﬂlﬂ%'ﬂ!ﬁ
f ﬂmwmﬁ.gum
(b1 7 covalen bords: | 7
{¢)  Bcovalent bonds
td) 9 covalent bonds.
2 mmmmnmmmmmﬂmmUm funciibnal group
fal earboxylicacid.
(b1 aldehyde,
i) keton,
@ weolin.
4 Mﬂnmﬂﬁrm.ﬂlhuhnuﬂmufﬂrvﬁauimnﬂmjthhmm o the oufside,
it means thal
) the food Is 50l opoked complitely.
(b} the mel 1 not buming completely.
vl the fuetis wotb
\ () the fel is burndng compiletely. J

Cortm g 1es Compounids 7
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4. Explain te nature of the covalen! band nsing the bond formation in CH.CL
5. Draw the electron dot stmicfimes for
() ethanole acil.
by HS
¢l propanone.
i) F,.
6, What 1s an homologous series? Expliin with an example,
7. How canethanol and ethanole actd be differentiated onthe basts of thetr physical
and chemical properties?
8. Why does micelle irmution Lk plaoe when soap 15 added (o waler? Wil i micelle
b feamed i other solvents such s otharnol slso?
8, Whymmﬂmnamlimmmmmdamuiasnuﬂsmmuﬂamﬂlmmm
10, Explatn the formation of soum when hard water s treated with soap, -
11, Wit chiangs will you ubssrve IFyou test soap with itmus paper (red mﬂ:mmp
12, Whiat s hvifrogetiiinn? What 1s s industrsl application? i
13 ﬂmﬂhﬂfmmwmmmm

o

CHS CHL CH CHL and CH,
5 % Mmammmmmmmmmwmummmﬂmmm
 hwidrocarbons.
15 Explatn the mechandsm of (he cleantn dlrmarmapb. ‘ 4
N g ¥ . -

Group Activity “

I Use molecular modal kits (o make modets of the compiotinds yoin have leaml in
Lhis Chapler.

I« Take about 20 mi of cdsior afl/cottan seed ol fiinseed ofl /sovabean otl in &
boaker. Add 30 mi of 20 % sodium bydroxide solution. Heal the mixiare with
ctmtinuous stirring for & kew minvtes W e mixtione thickens Add 5-10 g of
etimumon Salt G (s Stir the mixture well and allow il to cool.

= You can cut oul ihe sbap in fancy shapes. You can also add perfume to the
soap befare it sels.
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