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Chapter 4: Carbon and its Compounds

BT 4: FE Td I ik — FYOf e T WA &

4.1 Covalent Bonding & 4.2 Versatile Nature of Carbon (Jgd@isit 3Te @Wﬁuﬂ;ﬁg@uﬁﬁ)

[EN] Carbon (Z = 6, configuration 2, 4) has 4 valence electrons. It cannot form C#* (requires huge energy) or C*~ (6
protons cannot hold 10 electrons), so it shares electrons forming Covalent Bonds. Its huge number of compounds is

due to Catenation and Tetravalency.

[HI] TeH (U=HTY] sheieh 6; fa=amr 2, 4) & STgIa™ i & 4 FAFH 81d &1 Tg SAGI chl TTHERY gRT TGatsl STTeies =7aT &1

I o fa=mTer et a1 SRUT @ (Catenation) dT ag:TatsiehdT (Tetravalency) &1

Concept / g

Explanation, Formulas & Structures (English)

TEAT, G U T (f24h)

1. Single, Double &
Triple Covalent Bonds

2. Allotropes of
Carbon (ke &
3UIFY)

3. Saturated vs
Unsaturated
Hydrocarbons

4. Functional Groups
& Homologous Series

* Single bond: Hy (H—H), Cl, (CI—CI), CH,, CoHg.

* Double bond: 0, (0=0), CO, (0=C=0), Ethene
(CoHy).

* Triple bond: N5 (N=N), Ethyne (C,H,, HC=CH).
Covalent compounds have low MP/BP (weak

intermolecular forces) and are poor conductors of
electricity.

o Diamond: 3D rigid tetrahedral network (each C
bonded to 4 C atoms); hardest substance.

» Graphite: Hexagonal layered structure (each C
bonded to 3 C atoms); smooth/slippery & good
conductor.

« Fullerenes (Cg): Football-shaped

Buckminsterfullerene.

« Alkanes (Saturated, single bonds): C\H;,, .

(Methane CHy, Ethane C,Hg, Propane C3Hg, Butane

C4H10).

« Alkenes (Unsaturated, C=C): C,H,,, (Ethene CyHy,

Propene C3Hg).

« Alkynes (Unsaturated, C=C): C\H,,,_, (Ethyne C,H,,

Propyne C3Hy).
« Cyclic: Cyclohexane (CgHj, 18 single bonds) &

Benzene (CgHg, alternate double bonds).

 Halo: —CI / —Br (Chloro/Bromo); Alcohol: —OH (-ol);

Aldehyde: —CHO (-al); Ketone: >C=0 (-one);
Carboxylic acid: —COOH (-oic acid).
« Homologous Series (asireia gioft): Successive

members differ by a —CH,— unit and 14 u molecular

mass.
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o Qohet 3TEY: Hy, Cly, CHy; f3-
3TEE: O, (0=0), T (CoHy); B-
3meie: Ny (N=N), TUTsT (CoH)) |
ggadtett ARl & Terie  Fa-ian
& gd € JuT & fAgd & gars g
gl

o ERT: 35 P Tgeheh i TR
(Ra) |

o YTATEE: VRV TRAER TReT
(R g faregd o1 Farerh) |

o I (Cgp): Teald oh SRR Hi
G|

o Yk (HqW): CrHonoo

o Q=R (Sr¥qw f&-ema): CH,,
o QeepTa (Sreee f-amee):
CnHZn-Z

o TTETFAGFT (CgHyp) Td Sl
(CgHg) !

ehraiceh §Hg: Yeehigiel (—OH),
dfcegTse (—CHO), & (>C=0),
Fraifaferes 3T (—COOH) |
et goft & & parTa gt
—CH,— F&TE TUT 14 u G&AH &l

IR g1 8l
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Electron Sharing in Methane (CHs)

4 Single Covalent Bonds (C—H) | Tetrahedral Valency = 4
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Structure of Soap Micelle in Water

Oil / Dirt

Droplet

Blue Circle: Hydrophilic lonic End (—COO-Na*, in water)

Zigzag Line: Hydrophobic Hydrocarbon Tail (in oil)

Fig 4.1: Covalent Bonding in Methane (CH,) & Structure of Soap Micelle — TYBA Coaching Centre

4.3 Chemical Properties, 4.4 Ethanol & Ethanoic Acid, and 4.5 Soaps & Detergents

[EN] Carbon compounds undergo Combustion, Oxidation, Addition (Hydrogenation), and Substitution reactions.
Ethanol (C,HsOH) and Ethanoic acid (CHsCOOH) are commercially vital compounds.

[HI] e difites 2@, Sifafiehior, Tehel (BTSgISTIahRoN) Ud ufaemae sifAfshard gifd g1 gdHie (C,HsOH), TdHTge s
(CH3COOH) Tt |1 - 37uHTSIch 3dd Agayul 8|

Topic / sifaferar

Chemical Equations & Industrial Importance
(English)

ITafaes gfteRoT vd Aga (f@€))

1. Combustion,
Oxidation, Addition
& Substitution

2. Properties of
Ethanol (C;H50H)

3. Properties of
Ethanoic Acid
(CH3;COOH)

» Combustion: CH, + 20, - CO, + 2H,0 + Heat &

Light (Saturated - clean blue flame; Unsaturated >
yellow sooty flame).
« Oxidation: CH3;CH,OH - (Alkaline KMnO,4 or

Acidified K,Cr,0 + Heat) CH3COOH.

 Addition (Hydrogenation of Vegetable Oils):
R,C=CR, + H, - (Ni/Pd catalyst) R,CH—CHR,.

« Substitution: CH, + Cl, ->(Sunlight) CH3CI + HCI.

* Reaction with Sodium: 2Na + 2CH3CH,0H >
2CH3CH,0"Na* (Sodium ethoxide) + Hy 1.

* Dehydration to Ethene: CH3CH,0H - (Hot Conc.
H,S0,, 443 K) CH,=CH, + H,0 (Conc. H,SO, is
dehydrating agent).

5-8% solution in water is Vinegar (R=a); freezes at
290 K (Glacial acetic acid).

« Esterification (T&ezun): CH3COOH + C,H50H
-(Acid) CH3COOC,H5 (Sweet-smelling Ester) +
H50.

« Saponification (STgfieror): CH3COOC,H5 + NaOH
- CH3COONa + C,H50H.

* With NaHCO3: CH3COOH + NaHCO3 > CH3COONa
+ Hy0 + CO, 1.
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o & YW gEgiereH @ el Sarer &
& STafth ST gIggiehleT dhsteft arelt et
ST & §

o SfferfteRvoT: &R KMNO 4 QT aht
QHTge 31l H geerdl gl

o gTEEioTIRoT: Ni 33k &Y sufRAfa &
grfd det § qaeafa € sAmET)

- Gifsam & foran o ifsan gutearse aur
H, 5 &a1 81

* 443 K R T dig H,S0, (Rsfefiera) &
1 T et IR g (CH,=CH,) saT 8

o QEERIOT: UAHTSeh 3T TR TS 31t
IR hY IufAfa & & wel St ey arel
T&R (CH3CO0C,Hg) &1 &1

o FIGHIRvOT: TR I NaOH & forar grT
iceicalseiyl
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Topic / sifaferar Chemical Equations & Industrial Importance T gHierur vd wga (@)
(English)

4. Soaps, Micelles « Soaps: Sodium/potassium salts of long-chain o TIG: Tt 4Raell aret wraifaRiferes St

& Detergents carboxylic acids (RCOO~Na*). Form Micelles & Hifsgm/aigs aaun S § ke s

(hydrophobic tail inside oil droplet, hydrophilic ionic &1 FoR 51 (Ca?*/Mg2t) & ara

head in water). Form insoluble scum with CaZ*/Mg2*  STeceiicl ThH (S8t SiaT sraeia) -rd &1
in hard water. o 3[qATSTaR (Detergents): Gk et & oft

« Detergents: Sodium salts of sulphonic acids; work ~ J¥Tel 8Id &1
effectively even in hard water.

NCERT Intext Questions & Complete Solutions

TAHIEARE Tr37Td U Ud |quf et ga

Intext Pages 61,68 & 71

[Question - EN] 1. Electron dot structure of CO, and Sg?
2. How many structural isomers can you draw for pentane (CgH45)?

3. Two properties of carbon leading to a huge number of carbon compounds?
4. Formula and electron dot structure of cyclopentane (CgH4g)?

5. Why is conversion of ethanol to ethanoic acid an oxidation reaction?
6. Why is a mixture of ethyne and oxygen burnt for welding and not ethyne and air?

[%1%1 - HI] g8 61, 68 T4 71 & UTSTd US:
[Answer - EN] 1. CO, has double bonds (:0::C::0:); Sg forms a crown-shaped 8-atom ring.
2. 3 structural isomers: n-pentane, isopentane (2-methylbutane), and neopentane (2,2-dimethylpropane).
3. (i) Catenation (%j@e) and (i) Tetravalency (aq:&aisTchar).
4. Formula of cyclopentane is CgHqq (5-membered carbon ring with 2 H atoms on each C).
5. Because oxygen is added to ethanol and hydrogen is removed (CH3CH,OH + 2[0] - CH3COOH + H,0).
6. Ethyne with air undergoes incomplete combustion giving a sooty flame with low temperature; with pure oxygen
it burns completely giving a clean oxy-acetylene flame of very high temperature for welding.
[S¥R - HI] 1. CO,, # fg-31meiy (0=C=0) gid1 g1 2. U & 3 HaA-THeh HAIEGAd (n-UcH, sdided, Fadeq) gid &1 3. ff@e
3R I HaISThRaT| 5. YA H TGRS 1 TN BIdT 81 6. g Ao o a1y ol &g § I=a a1y arell stieit-gfafeet= saren
et 81

Intext Page 74 & 76

[Question - EN] 1. How would you distinguish experimentally between an alcohol and a carboxylic acid?
2. What are oxidising agents?

3. Would you be able to check if water is hard by using a detergent?

4. Why is agitation necessary to get clean clothes with soap?

[%1%1 - HI] Y8 74 Td 76 o UTaTd U
[Answer - EN] 1. Sodium hydrogencarbonate (NaHCO3) test: Carboxylic acid reacts with NaHCO3 giving brisk
effervescence of CO, gas, whereas alcohol does not react.
2. Substances capable of adding oxygen to other substances (e.g., alkaline KMnO,4 and acidified K,Cr,0-).
3. No, because detergents give lather (foam) in both soft and hard water.
4. Agitation helps pull out the oily dirt micelles trapped on the fabric surface into the water.
[S™R - HI] 1. Hifza# gggieamai—e (NaHCO ;) Tfiafor: shraifrifereh 31T CO, ohi i aearae &dl & Sidfch Uechialdl dig
foram 8T a=ar! 2. &g KMnO 4 @ 3i<iighd KoCrpO5 1 3. AT, aifch 3TUHTSIeh ShoR d Hg &1 STel H 3117 &d &
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NCERT Textbook Exercises — Complete Step-by-Step Solutions
TG AT & At weet & Tqut fgwrd gt

Exercise Q1,Q2,Q3,Q4 & Q5
[Question - EN] Q1. Covalent bonds in Ethane (C,Hg)? Q2. Functional group in Butanone? Q3. Bottom of cooking
vessel getting blackened means? Q4. Nature of covalent bond in CH3CI. Q5. Electron dot structures of ethanoic
acid, H,S, propanone, F».
[s1%1 - HI] S usr 1€ 5 & Iqof gat:
[Answer - EN] Q1: (b) 7 covalent bonds (1 C—C bond and 6 C—H bonds).
Q2: (c) Ketone (>C=0).
Q3: (b) The fuel is not burning completely (blocked air holes causing sooty flame).
Q4: In CH3ClI, carbon (4 valence e7) shares 1 electron each with three H atoms and 1 electron with one Cl atom (7
valence e™), forming 4 single covalent bonds.
Q5: (@) CH3—C(=0)—O0H, (b) H—S—H (S has 2 lone pairs), (c) CH3—C(=0)—CHs, (d) :F—F: (each F shares 1e7).

[S¥R - HI] Q1: (b) 7 Sgsaish emeer | Q2: (c) e | Q3: (b) o gft oRg @ gl ST @1 @1 Q4: CH4Cl 7 el 3 H 3R 1
C| U=HTY] & 1Y e ATST & 4 Yehel TgHarott e S=1dT 81

Exercise Q6, Q7, Q8, Q9 & Q10

[Question - EN] Q6. Homologous series with example.

Q7. Differentiate ethanol and ethanoic acid (physical & chemical).

Q8. Micelle formation in water vs ethanol.

Q9. Why carbon compounds are used as fuels?

Q10. Formation of scum in hard water.

[1%1 - HI] 37201 U7 6 9§ 10 & dqvf ga:
[Answer - EN] Q6: A series of compounds with the same functional group where successive members differ by
—CHy— (14 u); e.g., Alkanes: CH,, CoHg, C3Hg.
Q7: Physical: Ethanol has pleasant smell and BP 351 K (MP 156 K); Ethanoic acid has vinegar smell and freezes at
290 K. Chemical: Ethanoic acid turns blue litmus red and gives CO, effervescence with NaHCO3; ethanol does
neither.
Q8: Soap has a hydrophobic hydrocarbon tail and hydrophilic ionic head (—COO~Na*) which cluster into micelles
in polar water. Micelles do NOT form in ethanol because the hydrocarbon tail is soluble in ethanol.
Q9: They have high calorific value, burn with a clean flame releasing a large amount of heat and light, and their
combustion is easily controllable.
Q10: Hard water contains Ca2* and Mg?2* ions which react with soap to form insoluble calcium/magnesium salts
called scum.

[SR - HI] Q6: §A UehrifcHeh g aret difiehl &t Soft i shmmTa Iewdl # —CHo— (14 u) &1 SR 811 Q7: YeHisad s
NaHCO3 & @19 CO, 719 a1 ¢ 3R et feien @ el ot aelt 8; QaHTet 811 Q8: YHTer & grgglenle U gerefiet g & shRur
A<t 1€t a1l Q10: SR wTet & Ca?*/Mg?* e rg & Q1Y rgesfiel @he a-rd 1

Exercise Q11,Q12, Q13, Q14 & Q15

[Question - EN] Q11. Soap tested with red/blue litmus.
Q12. Hydrogenation & its industrial application.
Q13. Which undergo addition reactions: C;Hg, C3Hg, C3Hg, CoHp, CHy?
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Q14. Test to differentiate saturated & unsaturated hydrocarbons.

Q15. Mechanism of cleaning action of soaps.

[s121 - HI] 31 U 11 § 15 & 9g0f gat:
[Answer - EN] Q11: Soap solution is basic (alkaline) in nature, so it turns red litmus paper blue (no effect on blue
litmus).
Q12: Addition of H, to unsaturated hydrocarbons in presence of Ni/Pd catalyst. Industrial application: converting
unsaturated vegetable oils into saturated vegetable ghee.
Q13: Unsaturated hydrocarbons C3Hg (propene) and C,H, (ethyne) undergo addition reactions.

Q14: (1) Bromine water test: Unsaturated hydrocarbons decolourise reddish-brown bromine water; saturated do
not. (2) Flame test: Saturated burn with clean blue flame; unsaturated burn with yellow sooty flame.

Q15: Soap molecules form spherical micelles where hydrophobic tails dissolve in the oily dirt droplet and
hydrophilic ionic heads point outwards into water. On rinsing/agitation, the dirt micelles are washed away with
water.

[S¥R - HI] Q11: 919 &R g & RUT ATl forens ot Hier &= &1 81 Q12: Ni 38R Fi Juf AT & s el & H, siigaw
geafd o ST Q13: C3Hg Td CoHo (/@) | Q14: S STe udieror (Siqw 1 39T 3 €) | Q15: fde fmfor g a«t &
Tieaft ameR ke STt g1
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