Student Learning Outcomes

After studying this chapter, students will be able to::

e  Describe the manufacture of ethanol (This can be done by discussing fermentation
of aqueous glucose at 25-35 °C in the presence of yeast and ‘in the absence of
oxygen catalytic addition of steam to ethene at 300°C and 6000kPa /6 atm in the
presence of an acid catalyst including a comparison of the advantages and
disadvantages of the two methods)

e  Describe the combustion of alcohols

e Discuss the applications of alcohols as fuels, including their advantages and
disadvantages over fossil fuels.

e Explain the role of alcohols in various industries such as pharmaceuticals,

cosmetics, and fuel production. oA
e  Discuss the impact of alcohols on daily life, m!..ludn‘{‘g ‘“é@h&.g f-‘.n\wents and
disinfectants. N T Hﬁ\ MNeRy ]
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Long Questions prepared in the ||gh| of new Exumlnmmn Techniques
(Knowledge, Understanding, npphcatinn, Analytical & Bnnceu{rual]

Combusticn of nlcuhuls

Q.1: Describe tne, prqpamﬁbﬁ of ethanol by fermentation process.
Ans. Ethanol: -

Ethyl alcohol or ethanol is a very important member of homologous series ol
Monohydroxy alkanes or almhula It is manufactured on large scale by the fermentation




of glucose by yeast. U—f’ o’ Gﬁ
IJ

Fermentation of Glﬁnnse by Yeast J
Fermentation is a TEECIIQ ﬁsfﬁ ﬁﬁ\\;k\t\\)b ks down into simpler

substances in the presence of ef }reast
Examples: Nm\[f\fﬁ*r

Freparaimﬁ“‘ ‘f.’ugurt bread and ethyl alcohol are some examples of the
fermentation reactions.

The Chemical Process:

Glucose can be converted to ethyl alcohol in the presence of yeast at around 35°C
and in a neutral or acidic solution.,

This fermentation reaction must be carried out in the absence of air (anaerobic
conditions) to obtain ethanol.

Catalyst:

Yeast contains an enzyme which acts as a catalyst in this reaction,

Balanced Chemical Equation:
The balanced chemical equation for the fermentation of glogose i@@&ﬂ%s:

Products of the Reaction: :
Carbon dioxide gasmdphes.out of the reaction mixture leaving behind a mixture of
ethanol and water!
Conditions for Reaction:
Temperature Sensitivity:
The temperature of the process must be kept around 35°C to get the maximum yield
of the product. i
® A lower temperature decreases the rate of the reaction.
®  The higher temperature makes the enzyme inactive in anaerobic conditions.

Exclusion of Oxygen:

Oxygen is excluded from the reactmn because it converts the resulting ethanol into
ethanoic acid.
Alcohol concentration:

Since ethanol is toxic to yeast in high mncenlmtm f,,_yea\s‘ ‘}sﬂm{@}ﬁé&ve when

the concentration of ethanol in the reactio
Q.2: Discuss the preparation of n@@v athene or Ethylene.
Ans. Preparation of Ethano
Itis prepared Wﬁnms on large scale by the hydration of Ethene or Ethylene
which is dtscussed

Hydration of Ethene ur Ethylane.

Hydration of ethene is an addition reaction. In this reaction water is added across




the double bond of the ethene. . BN

The reaction is carried out by passmﬁ@ [l'\l?l{ufﬂ w:iﬁ' eiﬁem'f and steam over hot
phosphoric acid (H3PO,), wh:ch adr.a rgﬁpl}{#
Mechanism: mamu ‘u =

Hydrogen fﬁ(?m d:q‘f'l:l ‘attaches itself to Jone carbon atom of ethene and the
hydroxyl grnu;ﬂth other atom. During this addition the double bond breaks down to give
a saturated compound, ethanol.

Chemical Equation:
H,-CH
CH, = CH,, + H,0 Tale, (I:H 2 EHI
EEH'IEFIE o it 300°C, 60 atm. pressure  Ethanol

Gaseous ethanol obtained is then condensed into its liquid form,
Industrial Importance and Applications:

Hydration of ethene is an important industrial process because ethanol is a versatile
compound. It has a wide range of applications from alcoholic drinks to fuels jxr,dhas a solvent.
Q.3: Give a comparison of fermentation reaction and catalytic hydration of ethene

for the preparation of aﬂlanng, O ,h\fr\e%\fn:l'

Ans. Gumparisnn of Hat@pd ot Produc

Fermentation

1 It takes place at around 35°C and at
and at high pressure atomspheric pressure.

Starting material for the process is|Starting material for this method is a

obtained from crude oil, which is a
non-renewable source. renewable source, such as cane-sugar.

Rate of reaction is high. Rate of reaction is low. It may take days to
complete.

The reaction produces relatively pure|The reaction produces 15% alcohol which

alcohol. needs further distillation to increase the

concentration. Distillation requires energy.

Ethanol produced in this method is expensive. | Ethanol produced in this process is che;p._

Q.4: Explain combustion of Alcohols.

(OR) Explain why the amount of heat evolved {aH) inq:gasas *qs ‘fﬁu move from
methanol to butanol in the hamnloumga fﬂﬁ'ﬂ% JICAL

Ans. Combustion of Alnnjl ~VNE

Alcohols are flammab| fﬁ&bbum in air to produce CO, and H>O evolving a
large amount qf 2l T"‘i\JI
Example: NN

Methanol, ethanol and 1-propanal, all burn completely in excess of air because they
contain a hydrocarbon chain.
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Balanced Chemical Equations: Ao i\

f_.l|. '-l “

2CH,OH + 30, —-ﬂzcﬁv Y #Ha&AH 4/=<726k/mol

Methanol () .ﬁﬁkf 0

I.In!l.

‘i'L '|‘|‘-‘L'L 1

C. % mm T 5C0, + 3H,04H = ~1367 k)/mol
hbnnl

'2C,H,0H + 90, —— 6CO, + 8H,0AH = -2017 kJ/mol
Propanol

2C,H,0H + 120, ———> 8CO, + 10H,0AH = -2676k}/mol

Butaneol

Mechanism of Heat Evolution:
During combustion of alcohols:

e The weaker C—H bonds in C-H, groups break the stronger C=0 and O-H bonds
are formed in CO, and H»O respectively.
This explains the reason due to which the amount of {bea{ W@;ﬁ&iﬁarea&;es with

NN

the addition of a —CH; group in the alcohq! home ng“ peries.~©

W

0.5: Describe applications of Alcohols as fuels.
(OR) Describe advantages and disadvantages of alcohols as fuels.
Ans. Applications of Alcohols as Fuels: |

Alcohols are also used as fuels instead of petrol and diesel fo run an automobile.

The first four aliphatic alcohols namely methanol, ethanol, propanol and butanol
have such properties which make them suitable to be used in internal combustion
engines.

Advantages of Alcohols as Fuels:

(i) Alcohols are obtained from renewable sources.

(ii) Burning of alcohols does not pruducﬁ DXI@ES {:f s‘uljshur W’ﬁl‘td\h makes them
environmental friendly ascumpqedjp[,ﬁ; il ﬁ@g N[

(iii) Alcohols have highcrﬁ{tmmcy\as red to pctral or diesel fuels.

Disadvantages of Alcahls as Fuels:

(i) Alcoholsjh Wﬁ-&é‘ss energy per volume than gasoline. It means more fuel is needed
to travel the same distance.

(ii) Alcohols can increase wear and tear on engine components.

(iii) Land is utilized to grow crops which then yield alcohols. This fact affects the




cultivation of food crops.

Q.6: Discuss the applications of ethanol in. Pllﬂ'.l' R@qﬂ*dﬁ‘s}

Ans. Role of Ethanol in Phanmqeum;ai\
Ethyl alcohol serves a \}qé@\cﬁcﬁrﬁnn mgred[ent in a variety of manufacturing

processes in ph

(i) It possesses clerici dal ar.:ttwty and it is often used as a disinfectant in hand
sanitizer and ethylated spirit.

(if) It is also commonly used as a solvent and preservative in many pharmaceutical
preparations including vaccines.

(iii) Ethanol and isdprupanul are found as an active ingredient in certain oral and topical
drug products. They help solubilize many drugs.

Q.7: Describe the applications of ethanol in cosmetic industry.

~ Ans. Role of Ethanol in Cosmetic Industry:
Ethyl alcohol plays an important role in cosmetic industry because of its following
properties: '
(i) Being highly volatile it evaporates in a very short time. g,} \ @@}YW&
(ii) Deodorizing and anti-inflammatory prﬂpﬁm S K H\ \f | | (S
(m) Refrﬁ:'ihmg and antimicrobial prope i\ gl @

O

Ans. Impact of Alcohols on Daily Life:

(i) Ethyl alcohol is an essential part of first aid kn; in every home in the form of
methylated spirit. .
Ethylated spirit is used as an antiseptic, for dressing of wounds. As an antidote for
snake bites. '

(ii) In many parts of the world, ethanol is used as high efficiency fuel to drive vehicles.

(iii) Ethanol is widely used as a solvent in perfumes.

(iv) It is relatively safe and can be used to dissolve many nrganlc compounds which are

insoluble in water.
23.1\Quick (177 A

P . 11

I.  What is the role of yeast in fermentation n:a::tlu 2 ,‘ RN , 2 \, '~_? =
Ans. Yeast acts as a biological cami:,rsr Ite n%:’fsdﬁﬁ ﬁc lly ‘Zymase] that provide the
up

T

necessary chemical pathway tf.b ajmhal and carbon dioxide.
2. At which tempnralun: en ast get inactive?
Ans. The enzymes present mactlw: at temperatures higher than 35 °C.

N f“d e

Quick (™R

I.  Why oxygen is excluded whan the fermentation reaction is carried out?
Ans. Oxygen is excluded when the fermentation reaction is carried out because it converts the




. resulting ethanol into ethanoic acid. Q“\Sﬂ :
Which method for the preparation of ethene ml
Fermentation is the methud for tha ' '}Xﬁhm ulves renewable source, such as

2

Ans.
cane-sugar, A

T X

1. Why does Bitarol evolve a higher amount of heat than propanol when burnt in oxygen?

Ans. Butanol evolve more heat then propanol when burnt because butanol has a longer hydrocarbon
chain more bonds to react, leading to the formation of more CO3 and H,0 molecules, which
releases more energy (heat),

PR (/T Check!

1.  Why does the amount of heat evolved during burning of alcohols go on increasing from
lower to higher alcohols? ; ;

Ans. The amount of heat evolved during burning of alcohols go on increasing from lower to higher
alcohols due to the following reasons.

®  Higher alcohols have more carbon and hydrogen atoms in their mnlecuies For example,
Methanol has ore carbon (CH3O0H), while Ethanol has two [C;_H;Qu rﬁfﬁ}giﬁ

L] During combustion of alcohols the weaker C-H the stronger C=0
and O-H bonds are formed in COg amt H Tﬁ@( B molccules size increases, there
are more C-H and C-C

®  Each additional-CH>— E:guua series adds a consistent amount of energy to the
total heat ey . the more fuel (Carbon and hydrogen) present per molecule.. the
more ene feased upon bummg

2. Why burning of alcohols does not produce oxides of sulphur unlike fossil fuels?

Ans. Alcohols are obtained from renewable souces consisting of carbon (C), hydrogen (H) and Oxygen

(O). They do not contain sulphur. When these burn, they only produce CO> and H20. No oxides
of sulphur are formed during their combustion.

On the other hand, fossil fuels are formed from ancient organic matter that often contains sulphur
impurities. When there fossil fuels are burned, the sulphur reacts with oxygen to form sulphur
dioxide (SO;) or sulphur trioxide (SO3) which causes pollution.

INTERESTING INFORMATION \3

Alcohols are produced from plant materials which, in turn, are the result of the photosynthesis
process using CO; of the atmosphere. The same CO; is gmcrat:d__when lhaﬁ%mlcuhuls are
burnt in internal combustion engine. The ove I pro e carbnn neutral
because it does not increase the conmnmtrmu@hmmkﬁ in {he atmnsphere

Ethanol as a fuel reduces mﬂ h;ii,sws"hy 44 to 52% as compared to petrol. Besides

this, ethanol also cuts dpmi nful pollutants like COx NOx and particulate matter.

NN Eie
NS DO YOU KNOW?

Ethyl alcohol as a drink can cause hangover, alcohol poisoning, accidents and risky behaviour.
Long-term use of alcohol is known to cause more than 200 different diseases.
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Manufacture of Ethyl Alcohol (CH; — CH, — OH)

23.2 Combustion of Alcohols

What is the biological process of breaking down complex substances into
simpler ones using yeast enzymes called? '
(a) Fermentation (b) Oxidation (¢) Distillation (d) Reduction
Which of the following specific substance is converted into ethyl alcohol in the
presence of yeast?

(a) Ethanoic acid (b) Glucose (¢) Yogurt (d) Carben dioxide
What is the ideal temperature for the fermentaﬁw fﬂmcﬁle:{f gfo ltmtve the

il 2 ik ¥

maximum yield? 1 | ”ﬁ, VN [

(@) 15°C (®) 25,0C . ~\\ ff{m)‘laé oV Y@y 45°C
Fermentation must be cnﬂ;‘;&h @mt ji‘fht absence of air, a condition known as:
(a) Aerobic (c) Anaerobic (d) Basic

According to/ lhu balnncéd chemical equation, what is the by product of
fermentation along with ethanol?

(a) Water (b) Carbon dioxide (c) Oxvgen (d) Nitrogen
If oxygen is not excluded from the reaction, ethanol will be converted into:
(a) Ethanoic acid (b) Yeast (c) Glucose (d) methanol

Why does the fermentation process stop when the alcohol concentration
exceeds 15%.

(a) The glucose runs out (b) The temperature drops

(¢) Ethanol becomes toxic to the yeast (d) Oxygen enters the mixture

What happens to the yeast enzymes if the temperature of the process becomes
too high?

(a) They work faster (b) They produce mote gs_s O\ !

(c) They become inactive ] Ad) [The Hlll'ﬂ Jnﬂq glucose

In what type of solution should the hrmentat,l reaetioh be carried out?

(a) Strongly basic (b) H?dml ratidic(c) -Highly alkaline -(d) None of these
What role does yeast play, Hlthe emical reaction?

(a) Reactant<\[\[\¥(b) Solvent (c) Catalyst (d) Product

Which of the following is a specific example of a fermentation reaction? {8
(a) Preparation of bread (b) Melting ice




12.

13.

14.

15.

16.

17,

18.

19.

20.

21.

22,

28.

(¢) Burning wood (d) Boiling wat ; 20 Rﬂ.

What is the effect of a lower temperatyre procm"

(a) It makes the yeast toxic \\ ! ﬂ% e rate of the reaction
(c) It turns ethanol into g )1t increases the yield of product
What is the statglgyr\(ﬁy diuxide as it leaves the mixture during
fermentation?) A

(a) Solid ' (b) Liquid (c) Gas (d) Plasma

What remains behind in the mixture after carbon dioxide gas comes out

- during fermentation?
. (a) Glucose (b) Yeast

(¢) Ethanoic acid (d) Ethanol and water

What temperature is necessary for the yeast enzymes to remain active?

(a) Above 50 °C (b) Around35°C (c) Below45°C (d) At75°C

On burning in air, alcohols produce: :
(a) Carbon dioxide (b) Water (c) Large amount of heat(d) All of these

How much heat is produced in the following reaction?

2CH,0H + 30; —— 2C0, + 4H;0 AH =

(@) 1367 kJ/mol  (b) 2017 k¥/mol rir: ﬂ ﬂ @f\f&?ﬁ kJ/mol
How much heat is prodnped\qjmr l of air?

(a) 1367 kJ/mol (b) 2 2017 ldfmnl (d) 726 kJ/mol
When propa (Sﬂ uf air; energy is produced.

(a) 726 kJ/m (b) 201‘? kJ/mol (¢) 1367kJ/imol  (d) 2676 kJ/mol

It is the energy produced when butanol burns in air.

(a) 726 kJ/mol (b) 1367 kJ/mol (¢) 2017kJ/mol  (d) 2676 kl/mol

It is a formula of ethanol.

(a) CH,OH (b) C;HsOH  (¢) C3H,OH (d) C4H,OH

What type of chemical reaction occurs during the hydration of ethene to
produce ethanol?

(a) Addition reaction (b) Substitution reaction

(c) Elimination reaction : (d) Redox reaction

Which catalyst is essential for the industrial hydration of ethene?

(a) Nickel (Ni) e (b) Phosphoric amd 1 (H;POy) =7
(c) Iron (Fe) (d) Man a0y

What are the standard industrial mnd eﬁi q Hon of ethene?

(a) 35°C and 1 atm press % and 60 atm pressure

(c) 100°C and 200 a "‘i\‘ﬁ \\UL (d) 500 °C and 10 atm pressure
Comparing ﬂ"ﬁM urity, which method produces expensive bat pure

-ethanol? -

(a) Combustion (b) Hydration of ethene
(c) Fermentation (d) Hydration of ethene
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Role of Ethanol in industries

i L

What I:qijdie ‘hemltal name for H3;PO,?
(a) Sulphuric acid (b) Phosphoric acid (¢) Hydrochloric acid  (d) Nitric acid

Hydration of ethane turns an unsaturated bond into a compound.
(a) Saturated (b) Acidic (c) Basic (d) Gaseous
In the hydration reaction, ethane reacts with:

(a) Liquid water  (b) Steam (gas) (c) lce (Solid) (d) All of these
Which process is "Green" or uses renewable sources?

(a) Hydration (b) Fermentation (c) Combustion (d) Distillation
Ethanol made from crude oil is usually:

(a) Cheap (b) Free (c) Expensive (d) Unavailable
Which alcohol has the shortest carbon chain? o

(a) Ethanol (b) Butanol {c] My\iqa C;J "‘u R\U_k{icﬁE\IT-’n::«paru:}l
Which of the fﬁllﬂwmg alcnhfﬂ h@ t Q'lfomf'*ham"

(a) Methanol “@? M { \‘o ) Jic#”“Pmpanﬂl (d) Butanol
Select the alcu nl iﬁ\j{ﬁhj%mmnnlv used in internal combustion engines.
(a) ME:[. (b) Propanaol. butanol

(c) Pentarol, he;.dnc:] (d) aand b both

Which harmful pollutant, common in fossil fuels, is NOT produced when
burning alcohols?

(a) Water vapour (b) Carbon dioxide

(¢) Oxides of sulphur (d) Nitrogen oxides

How does the heat evolved during combustion change as you move from lower
to higher alcohols?

(a) It decreases (b) It increases

(c) It disappears (d) It remain constant

Which of the following is used in hand sanitizers?

(a) Ethanol (b) Butanol (¢) Propanol  { { viethanol
Ethanol is used in hand sanitizers pnmarll qﬂe dfﬁlm,[‘_e

(a) Colour n 'H'ﬁﬁ ( Jw ’3@ m I LJ

(c) Slow evapuraumﬂ \CRTC H \\n \\4dty Bactericidal activity
In the pharmac mak H!d\:.h 7, methylated spirit is often used as a/an.

(a) Anti th.iF\]J ﬁ:} Antibiotic (c) Vaccine (d) Painkiller
By what percentage ethanol can reduce greenhouse gas emissions compared to
petrol?

(a) 10% 1o 2{}% (b) 90% to 100% (c) 44% to 52% (d) 30% to 49%




40. Which of these is a known Iung-term health risk of alcnhol qnnqumpm“
(a) Improve memory (b} D Enhaqc:aq dxwmg skills—
(¢) Stronger immune system _ \ \/7 ‘u GRS
(d) Cause of more than 200 différesnt dmr;asés'

41. Which of the fnllnwl :ﬁ,lm‘dueﬁ as an antidote for snake bites?

(a) Propanol \\(b) Butanol (¢) Methanol (d) Ethanol
42. Ethanol evaporate very quickly when put on the skin because it is:

(a) Very heavy (b) A solid (c) Highly volatile (d) Freezing cold
43. Which of the following is used in a first aid kit to clean wounds?

(a) Cooking oil (b) Diesel

(c) Petrol (d) Methylated spirit
44. Which gas is NOT made when you burn pure alcohol?

(a) Water vapour (b) Oxides of sulphur

(¢) Carbon dioxide (d) Oxygen
45. In the pharmaceutical industry, ethanol is used as a preser vaties in :

(a) Bandages (b) Gauze (¢) Vaccines (d) Pyodine
46. Ethanol and help solubilize many drugs. A\ €O P

(a) Isopropanol  (b) Butanol _(eh P,m (&}’Jhﬁthanul
47. Alcohols have higher fuel e eng}' “ﬁﬁm ’I

(a) Petrol (b) Dtesglﬁ ﬂx 0 \\* Jl‘i?:ri:»su':m': ml (d) aand b both
e

% J |
-..u.}__l:

L) ci%ia®. i)t ey, S M. 6 2@ L,
8 (© 9 ® 10.(c) . @ 12.(0) 1. () . 14 (&)
15. ) 16. (d) 17. (¢) 18. (a) 19. (b) 20. (d) 2L (b)
22. (a8 23. (b) 24.(b) 25 (d) 26 (b) 27. (a) 28. (b)
29, b) 30. (¢) 31 (c) 32.(d) 33 (d 34 (c) 35 (b
36. (8 37. d 38 (@ 39.(c) 40. (d 41. (d) 42. (o
43. (d) 44. (b) 45 (c) 46. (a) 47. (d)
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Manufacture ui Elhl,l AILL!HH CH. LH - DH}

alkanes or alcohols?
Ans. Monohydroxy alkanes or alcohols are an important class of organic compounds.

2. How can Monohydroxy alkanes or alcohols be obtained?

Ans. Some of these alcohols can be obtained by the reactions in which living organisms

L.u.- ibustion of ﬂlbﬂllﬂib
1. What are Mom;_uﬁjﬁ_ Xy




arc used as catalysts. They can also be svnthesized i in Ihe Iubw
3. What is ethyl alcohol or ethanol? ~N L

Ans. Ethyl alcohol or ethanol lsm&& tfﬂﬂ\ﬁ hg“Mher of homologous series of

monohydroxy alkﬁ
4. Howis etllyl ol manufactured on large scale?
Ans, Ethyl anul is manufactured on large scale by the following processes:

e  Fermehtation of Glucose by Yeast

e  Hydration of Ethene or Ethylene

5. What is Fermentation?

Ans. Fermentation: :
Fermentation is a reaction in which a substance breaks down into simpler
substances in the presence of enzymes present in yeast.

6.  Write the balanced chemical equation for the fermentation of glucose.

Ans, CH,,0, =—=—2C,H,0H+2CO,
7. At which temperature enzymes present in yeast get inactive in fermentation

reaction?
Ans. The enzymes present in yeast in fr;\rmcn ﬂl‘oﬁwgmc inactive at

temperatures higher than 35° Q’% ﬁ‘d

8. Name three commen cﬁ% E roug fermtntaﬂ_nn.

Ans. Three common Fm{lkk rough fermentation are:
o Yo N N‘ Bread ® Ethyl alcohol

9.  What are the necessary conditions for the fermentation of glucose?

Ans. The reaction requires:

® A temperature of approximately 35°C

® A neutral or acidic solution

®  Anagrobic conditions (the absence of air)

10. What is the role of yeast in fermentation reaction?

* Ans. Yeast contains an enzyme which acts as a catalyst. In fermentation reaction, yeast
speeds up the breakdown of glucose into ethanol and carbon dioxide.

11. Why is oxygen excluded from the fermentation mixture?

Ans. Oxygen is cxcluded from the fermentation mixture because 1t converts the resulting

ethanol into ethanoic acid. ~EN q&pgl

12. What happens when the concent j@hﬁ“ﬁ’rﬂctiun mixture
exceeds 15%7? | g}

Ans. Ethanol is toxic to \ﬂ cé'ntrnﬁon, yeast is made inactive when the

concentration of gfhanol crcactmn mixture exceeds 15%.
13. Whicﬁw ] eased as a by-product during the fermentation of glucose?
Ans. Carbon dioxide (CO,) is released as a by-product during the fermentation of
glucose,

T

&




14. What remains in the mixture after the gas hargq esca 3@@?“.! _ﬂu
fermentation of glucose? . N [ o

Ans. A mixture of ethanol and water W%MJﬂﬂ the gas hngﬂaﬂped
BN ="

during the fermentation o m
15. What is the main to make ethyl alcohol?
Ans. The main rawx e Efuiec}to make ethyl alcohol is glucose.

16. Which micrahrganism is used in the fermentation process?

Ans, Yeast is the microorganism in the fermentation process.

17. What is the ideal temperature for making ethanol?

Ans. The ideal temperature for making ethanol is 35°C.

18. Does fermentation require air?

Ans. No, it must be done in anaerobic conditions (without air).

19. What happens to the rate of fermentation reaction at low temperature?
Ans. A lower temperature decreases the rate of the reaction.

20. Write the ~hemical formula for Ethyl alcohol?

Ans. The Chemical formula for Ethyl Alcohol is CH;—CH,~OH.

21. Is the solution for fermentation basic or acidic? AEON ﬁ\
Ans. The solution for fermentation should be ne ”; ™

22. Define hydration of ethene. E\
Ans. Hydration of Ethene: ’"\X&mm add:tmn reaction. In this reaction

water is added &CWEE Bﬂ, lé ‘buﬁ!cr of the ethene to produce ethanol.

What are the nditions required for the hydration of ethene?
s. The hydratmn nf ethene requires:

A temperature of 300 °C.

A pressure 'of 60 atm.

Phosphoric acid (HP;0,) as a catalyst.

Write the chemical equation for the hydration of ethene.

H,PO, fHe '“FH“

Ans.| CH, =CH,, + HO, : » H OH

Ethene 300°C, 60 atm. pressure’  Ethanol

25. Name three industrial application of ethanol.

Ans. Ethanol has a wide range of application from alcoholic drinks to ﬁ:els Ivent,

26. Why is hydration of ethene an lmportnnt indnstrial_pqoqéu |f 'f' ; UL

Ans. Hydration of ethene is an unportant duslr;al ng\f hanol is a versatile
compound. \\V/7 x&l B4

27. Contrast the starting ﬂpﬁ‘:h‘ﬁydmﬂuu and fermentation.

Ans. Starting mater W h&: ss of hydration of ethene is obtained from crude oil,

which is a non! né able source.

Starting material for the process of fermentation is a renewable source, such as

cane-sugar.

2-..Em




Yy HRICH MELnoa o1 etnanol production is aster’ = f 'f-.'n

Ans. The rate of reaction of hydratmn nt}ethe 1\30 ‘\Mﬂdﬁe as the rate of
th\comiplete.

fermentation reaction is low and {t @;ﬁﬂh}s
29. How does the purit}‘ @Snm L7 “between the hydration of ethene and

fermentation _EW

Ans. Hydration a&f ne produces relatively pure alcohol. On the other hand,
fermentation produces 15% alcohol which needs further distillation to increase the
concentration.

30. Which method is more cost-effective for producing cheap ethanol? .

Ans. Ethanol produced in hydration of ethene is expensive, whereas ethanol produced in
fermentation is cheap.

31. Why are alcohols considered flammable?

Ans. Alcohols are flammable because they contain a hydrocarbon chain that burn in air
to produce CO, and H;0 evolving a large amount of heat.

32. What is the general balanced equation for the cnmbusnnn of metlul&ml"

Ans. 2C;H,0H + 30, ——— 2C0O, + 4H,0 AH=- 72 \CC @

33. Write a balanced equation for thqe unnbuqn‘lﬁ )ﬁ

Ans, 2C3HOH + 30, ;ﬁg@ “36.[-:] iy

34. What is the general ce tion for the combustion of propanol?
Ans. 2(:31170!—{37{@%1 ol 600, + 8H,0 AH = - 2017 ki/mol

35. Writeab anced equation for the combustion of butanol.

Ans. 2C;H,OH + 120; ——— 8CO, + 10 H,0 AH = - 2676 kJ/mol

36. Explain why the heat evolved increases as you go down the alcohol
homologous series.

Ans. During combustion of alcohols the weaker C-H bonds in —CH; groups break and
the stronger C=0 and O-H bonds are formed in CO; and H,0 respectively.

37. Why does butanol evolve more heat than propanol when burnt?

Ans. Butanol has a longer hydrocarbon chain with more bonds to react, leading to the
formation of more CO, and H,O molecules, which releases more energy.

38. What is added to ethene to make ethanol?

Ans. W 22 |(\‘.I\ ﬁ‘ﬁ

ater in the form of steam is added to ethene to h@oﬁl (P

39. Which catalyst is used in the hy;lra rrnl\ Ig 9!’

Ans. Phosphoric acid (H;POg)’ i r\hb s«t* in the hydratmn of ethene.

40. What are the t\m for hydration of ethene or ethylene?

Ans. The two mq‘ia mﬁﬂﬁh[lgns for hydration of ethene or ethylene are:
e High lemperature (300 °C).
®  High ressure (60 atm).




41.

Ans.

42.

Ans.

43.

Ans,

44

Ans.

45.

Ans.

Ans.

47.

Ans.

Ans.

49.

Ans.

Ans.

51.

.‘_ﬂ"-_i--lﬁ-_"

Impact of Alcohols on Daily Life
Which nlqghﬁig" re/tommionly used as fuels in internal combustion engines?

The first four a iphatic alcohols namely methanol, ethanol, propanol and butanol

are commonly used as fuels in internal combustion engines.

From which sources are alcohols obtained?

Alcohols are obtained from renewable sources.

How are alcohols produced?

Alcohols are produced from plant materials which, in turn, are the result of the
photosynthesis process using CO; of the atmosphere.

Why is bioalcohols considered ""carbon netural"?

Bioalcohols is considered "carbon netural" because it does not increase the
concentration of carbon dioxide gas in the atmosphere.

What is a socio-economic disadvantage of producing alcohol fue%.?—-..

Land is utilized to grow crops which then Yjﬂl‘iﬁf‘?ﬂﬁgﬁgﬁ@@ ﬁ&ﬁ"affects the
cultivation of food crops. 1O AN

Why does the heat ey: M\!@WE increase from lower to higher
alcohols? iy (=

Higher aﬁﬂ@lﬂﬁ\{?ﬁdﬁ carbon and hydrogen atoms per molecule, meaning
more chentical bonds are broken and reformed releasing more energy.

What does make the alcohols environmental friendly as compared to fossil
fuels?

Burning of alcohols does not produce oxides of sulphur which makes them
environmental friendly as compared to fossil fuels.

By what percentage can ethanol reduce greenhouse gas emissions compared to
petrol?

Ethanol as a fuel reduces greenhouse gas emissions by 44 to 52% as compared to
petrol.

What harmful pollutants ethanol cuts down?

Ethanol cuts down harmful pollutants like COy, NOy and pgmcu(laﬁzlﬁnattcr

How is ethanol used in the pharmaceutical Y '@@ﬁ:ﬁ-f—*' 2

Ethanol is used as a di 'nfecftgjﬁp-—% methylated spirit. It is also
commonly used as a % Vﬁ@ﬁhﬂj@féﬁl&l’wfive in many pharmaceutical preparations
including vagcquqTxL A LS e

What property makes ethanol useful in hand sanitizers?

. Ethanol possesses bactericidal activity, meaning it can kill bacteria. This property

makes ethanol useful in hand sanitizer.
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<4 ¥Yvhatdo help many drugs solubilize? s\ [COULY
|'

Ans. Ethanol and isopropanol are found as an act Fﬁliw ifiteftain oral and topical
drug products. They help solubilize W E{E%L WAL

53. Name some cosmetic p@ﬁ'ﬁt{\ L contain ethanol.

Ans. Ethanol is an impu% gag@j stch cosmetic and hygiene products as hair styling
products, foundation crearms, perfumes, deodorants and afier shave lotions.

54. What is méﬂi'ﬁﬁféﬂ spirit and how is it used in first aid?

Ans. Methylated spirit is a form of ethyl alcohol. It is used as an antiseptic, for dressing
of wounds and as an antidote for snake bites.

55. Why is ethanol widely used in the perfume industry?

Ans. Ethanol is an effective solvent that can dissolve many organic compounds that are
insoluble in water. This is why it is used in the perfume industry.

56. What are the immediate health risks of consuming alcohol?

Ans. Ethyl alcohol as a drink can cause hangover, alcohol poisoning, accidents and risky
behaviour.

57. What is the long-term impact of alcohol consumption?

Ans. Long-term use of alcohol is known to cause more than 200 different disedaes.

58. What can be used in cars instead of petrol or dim_u;l_tqqﬁij' 1 ﬁ@éﬁ']iﬂﬁi]e?

Ans. Alcohols can be used instead of petrol and @M@ H i&,m'u‘mmﬂbi[e.

59. What is the common name for alcohig u\aqfdgéa st aid kit?

Ans, Methylated spirit is the common nai ¢ cohol used in a first aid kit.

60. What is one use olf_.w /), pirit besides cleaning wounds?

Ans. Methylated s N 18 ed as an antidote for snake bites,

61. What part of the car can be damaged by using alcohols?

Ans. Aleohols can increase wear and tear on engine components,

62. Why does ethanol evaporate quickly on the skin?

Ans. Enthanol evaporates quickly on the skin because it is highly volatile.

63. Why is ethanol added to afters have or foundation creams?

Ans. Ethanol is added to aftershave or foundation creams for its refreshing,
antimicrobial, and deodorizing properties. :

4. How does ethanol help in making medicine?

ins. Ethanel is used as a solvent and preservative in many pharmaceutical preparations
including vaccines, .

63.  Can ethanol dissolve things that water cannot? P (I

Ans. Yes, ethanol dissolves many organic compounds that ?mmsﬂ?uﬁlﬁﬁr)vﬁthr

- S ) 5 q
»_Ltxercise Questions (Solved)

senzsssumsanasnabe | || | | =
A.Multiple Choice Questions i

»  Choose and tickthe correct answer from the given choices.
l.  Which conditions are considered best for the fermentation of glucose?
(a) 35 °C, fresh yeast, absence of oxygen (b) 45 °C, yeast




(c) 45 °C, absence of oxygen (d) 35 °C, fresh yeast G m
2. Which catalyst other than HyPO, can nlso be used téi *dm“tmuhu&m*
_ ‘\; HI"

(a) NaOH (b) HESO4 )} J(d) Ni
3. Alcohol which has the ma m?@z\t\ quhu#ﬂun is:
(a) CH3CH,CH,OH RN || L\ J\® (b) CH3CH,0H
() CHOH (N} N (d) CH:CH>CH,CH,OH
4. The most environment friendly fuel is:
(a) coal (b) kerosene oil (c) ethanol (d) wood
5.  Which property or properties of ethanol make it suitable to be used in
cosmetic industry? . '
(a) Easily Flammable (b) Highly volatile and deodorizing
(c) Antipyretic (d) Sedative

6. - Which is the correct name of the following alcohol:
CH,~CH~-CH,~CH-CH,

(a) 2-Methylpentan-4-ol (b) 4-Methyl‘gc.u ;rarE SOMN
(c) Hexan-2-ol a1 ( g‘fmu ,
7. Which property of ethanol fo ing wounds?

(a) Good solvent (b) V atlg |\ ‘—tc] Antiseptic (d) Deodorizing

8.  Which alcohol [fojuceomiplish all the following tasks:
It is added in rol to improve combustion, It serves as a feed stock to
prepare vinegar and many other organic compounds.

iai Propanol (b) Propan-2-ol (c) Ethanol (d) Methanol

1. (a) Sl ) T SR VR SRR 2 TR MR ¢ ) R SR - 2 S
8 @

| B. Short Answer Questions

23.1 Give two advantages of burning of alcohols over the burning of fossil fuel?
Ans, Advantages of Alcohols as Fuels:

(i) Alcohols are obtained from renewable sources.

(ii) Burning of alcohols does not produce omdes of su,phur@]i\ch_m‘dﬁs\lthtm

environmental friendly as compared to qus:b 0\ H TS A

(iii) Alcohols have higher fuel :ff' Etrpmml or diesel fuels,

23.2 Which properties of etlly q it useful for cosmetic industry?

Ans. Role of Etllnnol\{ ‘Qﬁsﬁd ﬁldustry Ethyl alcohol plays an important role in
. cosmetic mdustry cause of its following properties:

(i) Being highly volatile it evaporates in a very short time,

(i) Deodorizing and anti-inflammatory properties.




el T T W

(i) Relreshing and antimicrobial properties, )\ O
Ethanol is an important part of such sosmetic 3 ﬂ\%llﬁﬂ ducts as hair styling
products, foundation creams, peﬂ%mu“ié; |@g ats and after shave lotions.

23.3 How is ethyl alcohol %@ﬁﬁﬁﬂuﬂul industry?
Ans. Role of Ethanol 115-]!5\!!\” maceutical Industry: Ethyl alcohol serves as a very
cummon%gﬁg@ﬁiﬁﬁﬁﬁ a variety of manufacturing processes in pharmaceutical

industry, '

(i) It possesses bactericidal activity and it is often used as a disinfectant in hand
sanitizer and ethylated spirit,

(i) It is also commonly used as a solvent and preservative in many pharmaceutical
preparations including vaccines.

(iif) Ethanol and isopropanol are found as an active ingredient in certain oral and topical
drug products. They help solubilize many drugs.

23.4 Give any two disadvantages of fermentation reactions.

Ans. Disadvantages of Fermentation: Two disadvantages of fermentation are:

(i) Fermentation produces 15% alcohol which needs further distillation to_increase the

concentration. o\ NN
(ii) Rate of fermentation is low. It may take days to L Tt@uc@()
23.5 Write the conditions involved in-the Byd of ethene.
Ans. To convert ethene into Howi ditions are required:

4)-

® Catalyst: Phosphuriﬁ?l iy
® Tempera 'pﬁmi ately 300 °C.
® Pressu WMM (60 atmospheres).

I‘EL

23.1 How ethanol is obtained as a by-product in sugar industry?

Ans. Obtaining Ethanol as by-Product in Sugar Industry: Ethanol is produced from
molasses, which is the thick, dark brown liquid left over after sugar crystals have
been extracted from sugarcane juice. Molasses contains about 15% to 50%
fermented sugar.

It is done by the process of fermentation.

Fermentation: It is a reaction in which a substance breaks down into simpler
substances in the presence of enzymes present in yeast.

Following steps are involved in the process of fermentation. e

(i) Dilution: Molasses is diluted with water to reduce Hsygy(e‘éﬁé&&atian to

about 10% to 12% ) . SR '@;__'gc“-:?"‘

(if) Yeast (Saccharomyces cerevisiae) i 16 the mixihre.

(iii) Enzymes in the yeast(inverts fsﬂﬂi_" e) break down the sucrose into

glucose and fructose, and(then into\ethanol and carbon dioxide.
Chemical Equ'*‘!‘?fﬁa:ﬁr{f‘:ﬂ*ﬂ oL

C,H,0,, + \‘;O*Lw&*csﬂuoﬁ +C.H,,0,

o —

Sucrose Glucose Fructose




C¢H,,0,+H,0—2== 5 2C,H,0H+2CO,
Ethanol
23.2 Why do we get relatively impure alcohol in the fermentation process?

Ans. The alcohol obtained directly from fermentation is relaW::lwpmgﬁﬁﬁglly 10 %

~ 15% concentration) for two main reasons. \ N[ o™

®  Yeast is a living organism. When ;ﬁ:ﬂ nol reaches about 14%
— 15%, It becomes toxi g the :nz)mcs and stopping the
fermentation pmc:ss

® Along with. hl'rd‘ process prnducas water, left over sugars, and small
amounts of other urgamc compounds (like glycerol or higher alcohols), which
remain mixed in the solution.

e Along with ethanol, the process produces water, left over sugars, and small
amounts of other organic compounds (like glycerol or higher alcohols), which
remain mixed in the solution.

® To obtain pure alcohol, the mixture must undergo fractional distillation.

23.3 How do properties of ethyl alcohol help us to utilize it as fuel?

Ans. Ethyl alcohol (ethanol) has several chemical and physical properties that make it an
effective fuel or fuel additive. These properties are discussed below:

e It burns with a clear, blue, smokeless flame, producing a significant amount of heat
energy. )

C;HsOH + 30, —— 2C0O, + 3H;0 +,‘Hﬁl;{¢ O\ *“3

®  Ethanol has a high octane number, which help: ' 'éflgine l-cnockmg and
allows engines to run more e@cumcihﬁf@g i'esmcr{ ratios.

e Since ethanol contains fqﬂg\ﬂkﬁhﬂecular structure, it promotes more
complete cumbu;negtq]fﬂﬁhc ‘blend, reducing toxic emissions.

@  Unlike fossil ﬁxe]s*; it is a renewable energy source because it is derived from crops

like sugarcane and corn.

D. Descriptive Questions

23.1 Give a comparison of fermentation reaction and catalytic hydration of ethene
for the preparation of ethanol.

Ans, For answer see Q3.

23.2 Describe the preparation of ethanol by fermentation process.

Ans. For answer see Q1.
23.3 Describe the applications of ethanol in pharmaceutical and cosmetic

industries? 12 O

Ans. For answ Q6 + Q7. v AT (80
ns. For er see J:S\ﬁk" é\@\g NIRE




