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Student Learning Outcomes

Polymers

After studying this chapter, students will be able to:

Define polymers as large molecules built up from many
smaller molecules called monomers.

|dentify the repeating units and / or linkages in addition
polymers and in condensation polymers.

Deduce the structure or repeating unit of a
condensation polymer from{given monomers and vice
versa, limited to:

a. polyamides from a dicarboxylic acid and a diamine
b. polyesters from adicarboxylic acid and a diol.

Describe the differences between addition and
condensation polymerization.

Statethatplastics are made from polymers.

Describe how the properties of plastics have
implhications for their disposal.

Describe the environmental challenges. caused by
plastics, limited to:

o disposalin landfill sites
0 accumulationin oceans
o formation oftoxic gases from burning
Describe the structure of:
o nylon, a polyamide
o PET, a polyester The full name for PET, polyethylene
terephthalate, is not required.

State that PET can be converted back into monomers
and repolymerised

Outline the importance of polymers in the textile
industry. (Examples for polymers being used may be
given along with their specific properties).
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Polymers or macromolecules are extremely large molecules which are
formed by linking together a very large number of simple molecular units called
monomers. The process of formation of a polymer from a monomer is called
polymerization. Carbohydrates, proteins and nucleic acids are the everyday
examples of polymers which exist naturally. Whereas plastics, synthetic fibers,
and natural rubber are the examples of man-made polymers. One of the most
significant changes which has occurred throughout the world, has been the
gradual replacement of metals, wood and cotton with man-made synthetic
polymers. Polymers are important in our daily life due to their high strength,
flexibility and resistance to heat and chemicals. These properties make them

useful for a wide range of applications.

26.1 Types of Polymers

There are two main types of polymers.

a) Addition Polymers
b) Condensation Polymers

(a) Addition Polymers

Addition polymers are formed-when monomer molecules containing a
double bond combine together through a covalent bond to give a very large
molecule. For example, a large number of ethene molecules add together to give
one very big molecule which"is called polyethene or polythene. During this
reaction, the C=Cdouble'bond in ethene breaks down to allow ethene molecules
to join together. Polymerization reactions usually take place at high pressure and
inthe presence of a catalyst.

In addition polymerization, no molecule is eliminated and no by-product
is formed.

2 CH,= CH, > -+ CH, 4CH, - CH,3 CH, 3

Mononer Repeat unit
nCH,=CH,—— + CH,-CH,3:
Polyethene

» Give an example of a commercial product which is
G-"" 26.1 Quick Check! formed using polyethene.

» Write three properties of synthetic polymers.

@ Polymers \ ( 154 ) f t.:hg::fifttf;-z:

B e ___."":. e ) :.: W, u _I .
f'f.‘l-l ﬁ'r-,:":—-l-_ ."'{ {;} % f..i ¥ -F.-\".I _:"-_. :I .



...].. : |—|

L e

A

3
P

| r I g a
F I ,_| M f \ et e e = B = e - M | ]
[ o | : II I— I ,‘I' o I".'\- F [ - I ..- 2. % - d G . i. = i i e
> BT O») & G 5= Lt A als ol aaail AodD G

L
1
B 5 i L [ W ; iy v - o I F | af
ol \ % F K, P o - i M I — | i} d | o 'l.‘-L |- J i y Y
a1 E f &~ & \ d ™Y D L

(b) Condensation Polymers

A condensation polymer is formed when two different molecules
containing two different functional groups react together with the elimination of
a small molecule like H,O, HCI and NH, etc. The reaction takes place in the
presence of an acid or a base. For example, ethane diol reacts with a dicarboxylic
acid (terephthalic acid) to give a polymer called Polyethylene Terephthalate
(PET). The carboxyl group present in terephthalic acid reacts with the hydroxyl
group of the diol to give an ester linkage.

@ @
1 | '
HO — CH,—CH,— OH_+ HO|—C—(0)—C—OH =%
Ethane diol Terephthalic acid 2

O 0
| |

¢O—CH,—CH, 40—C|—<0)—C1

__‘ester linkage Repeat unit

=

This productis called arepeat unit. Since the functional groups are
present at both ends of the resulting~molecule, the polymerization process
continues at both ends to give a veryibig molecule, which is represented by the
following structure.

1
FO —CH,—CH, 0—C <0 C L

PET

PET can be recycled by chemically breaking down to the monomer units.
Chemical recycling can be done through heating the polymer in the absence of
oxygen.

Another condensation polymer, a polyamide, is formed when
butanedioic acid reacts with a diamine. Each -COOH group of the dicarboxylic
acid reacts with each -NH, group present in diamine to form an amide linkage. A
water molecule is lost during the condensation reaction. The repeat unit thus
formed is then converted into a polymer.
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N — (CH,—CH,),—NH,

0 0
] |
HO — C— CH,— CH, —C— |[OH + H
Butanedioic acid

O O
I |

4+ C—CH,—CH,-C— N

—>
-H.0
Butane-1,4-diamine

{CHE — CHE)E _NH +

amide linkage l Repeat unit

0
|

C—CH,—CH,

] |
C — NH— (CH, — CH,), — ]F

a polyamide

| Interesting Information! \

How an ester linkage between two monomers is formed?

v/ 26.2 Quick Check! B ) \ .
« Howdoescondensation anEnﬁ,@uzatmn occur?

- e ~-

Properties of polymers can be changed! through
careful control of their chemical structure and
composition enabling their use in<highly specific
application like non-stick coating (Teflon).

B

Differences between Addition and Condensation Pnlymerizatinﬁs.

Addition Polymerization

A single monomer is\used which

should have a double or a triple
bond.

Condensation Polymerization

This polymerization takes place
between two monomers. The
monomer molecules have two
functional groups present one on
each end of the molecule.

It involves an addition reaction and
only asingle product is formed.

It involves the condensation
between two monomers with the
elimination of a small molecule like
H,O, HCl or NH..

The molecular mass of the product
polymer can be found by adding the
molecular masses of all the
monomers used.

The molecular mass of the polymer
cannot be found by adding the
molecular masses of all the
monomers.
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Addition Polymerization Condensation Polymerization

The polymer formed contains only | The polymer formed contains a
the single bonds along the polymer | specific linkage, e.g. ester linkage or

backbone chain. amide linkage.
Examples of addition polylmers Examples of condensation polymers
are polyethene, polystyrene, are polyester, nylon, bakelite, etc.

polyvinylchloride (PVC), etc.

26.2 Structure of Monomer from Polymer
| Addition Polymer }}

; Write down the structure of addition polymer.
t CH,-CH.1,
2 Identify the repeating unit in the polymer. Reémove the brackets, the

extended bonds from each side and the subscript n. Change the single bond to a
double bond.

fCH,-CH3}——>n $CH,—CH} —>C€H=CH,
| Condensation Polymer 1l

26.1 Example:

1. Write down the structure.of acondensation polymer, polyester.
4+CO-CH,-CH,€0-0-CH.-CH,-01%

2. Identify the repeating' unit in the polymer. Remove the brackets, the

extended bonds at both:the ends and the subscript n. Break the bond between
CO and O of the ester linkage. Add OH to the each end of the dicarboxylic acid
monomer. Add H to each end of the diol monomer.
+CO-CH,-CH,-CO-0-CH, -CH,-04,
n +CO-CH,-CH,-CO-0O-CH,-CH,-0 }+ —»

nHO-CO-CH,-CH,-CO-OH+nH-0-CH,-CH,-O-H

26.2 Example:

1. Write down the structure of a condensation polymer, a polyamide.
{CO-CH,-~CH,~CO-NH - (CH,-CH,),-NH },

2. |dentify the repeating unit in the polymer. Remove the brackets, remove

the extended linkage at both the ends and subscript n. Break the bond between
the CO and NH of the amide linkage. Add OH to the each end of dicarboxylic acid
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monomer. Add H to each end of the diamine monomer.
n$CO - CH, - CH,— CO - NH - (CH,- CH,), — NH}
— nHO —-CO-CH,—CH,—-CO-OH
+ NnH—-NH - (CH,-CH,),-NH-H

: « Whatdo youunderstand by the term repeating unit?
> !
G 263 iQuickiChockity Draw the structure of a polyamide linkage.

-3

‘ Interesting Information!

By varying the type and proportion of monomers, chemists can make such
polymers which show specific properties, such as flexibility, strength and thermal
stability to meet specific application requirements.

26.3 Plastics

Polymerizatoin of monomers like ethylene,. propylene and styrene gives
polyethylene (PE), polypropylene (PP) and pelystyrene (PS) respectively. All these
polymers are a few examples of compounds called Plastics. These plastics are
used to make all types of carry-home food containers, eg, soft drink bottles,
water bottles, juice bottles etc. They are also used to manufacture shopping
bags, kitchen-wares, buckets, tables, chairs, food wrappers, cups and plates etc.
Plastics are light weight, flekible and durable. They can be easily moulded into
solid objects of almost any desired shape. All these properties have led to their
widespread use in almost any sphere of our daily life. Starting form early 20"
century millions of tons of plastics are made every year (Figure 26.1).

A

(111
R (T

CllE T
- I“‘._ :

Figure 26.1: Plastic products

—————— ————

26.4 Importance of Polymers in Textile Industry

Polymers which are used in the textile industry are called synthetic fibers.

Examples of synthetic fibers are nylon, polyester, rayon, acrylic etc. The
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properties of synthetic fibers which enable them to be used in textile industry are
as follows:

1. They are cheaper in cost than natural
fibers like cotton and silk.

2, They are stronger and more durable

than natural fiber.

They do not shrink.

They resist wrinkling.
They are light weight and quick drying.
They are moth and insect resistant.

Figure 26.2: Plastic in textile

- S S

The polyesters and nylon are the two common polymers which account
for 69% of all the material used in clothing industry worldwide. Polyester is an
important fiber for its strength and resistance to shrinking. It is commonly used
in sportswear and hosiery. Acrylic is light weight,(Soft and provides warmth
(Figure 26.2).

26.5 Adverse Effects of Plastics

Unlike other materials, plastics do-not undergo biodegradation. When

articles made of plastics are discarded, they can take upto 1000 years to break
down. This fact has led to builds up of huge amounts of plastics in the
environment. Accumulation ofisuch a huge amount of different articles made of
plastics has caused widespread environmental problems. Plastic pollution is
found almost everywhere on lands, in air and in all the water bodies: rivers,
ponds, lakes, seas and oceans. This pollution has reached to an extremely
alarming level and has led to cause serious health problems.

Discarded plastic articles we put in the bins are disposed of through

Figure 26.3: Plastic pollution
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way to rivers and oceans. Burning of discarded plastic articles in town, creates a

hazardous environmental condition because this releases dangerous gases in air
(Figure 26.3).

| Interesting Information! \

Polymers can be 3D printed using a variety of techniques. These techniques involve
layer-by-layer deposition of the polymer material to create three-dimensional objects.

| EXERCISE

o Multiple Choice Questions

Choose and tick the correct answer from the given choices.

1, Which of the following polymer is a synthetic polymer:

(a) Starch (b) Cellulose

(c) Animal fat (d) Polyester
2 Which polymer has an amide linkage:

(a) Polyester (b) Polyamide

(¢ Polyethene (d) Polystyrene
3. Identify an ester linkage:

I I
(@ R-C-0-R (b) R-C-R
I 7

(c) R-C-O-NN§*>R (d) R-C-NH-R

4. The structure of the monomer of the following polymeris:
[-CH,-CH},
OCOCH,

(a) CH,=CH, (b) CH,=CH,-CH,

(c) CH,=CH-0OCOCH, (d CH,=CH-CO-0-CH,
5. Which of the following polymers can be recycled?

(a) PET (b) Polystyrene

(c) PVC (d)  Epoxy
6. Which of the following polymers is biodegradable?

(a) Polyamide (b) Polyester

(c) Starch (d) PET
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i & Which of the following polymers is obtained by mndensatinn
polymerization?
(@)  Polyvinyl chloride (b)  Polystyrene
(c) Polyamide (d)  Polyethene

0 Short Answer Questions

26.1. Give two examples each of addition polymers and condensation
polymers.

26.2. How polymers are useful for us?
26.3. Howsyntheticfibers are different from natural fibers?
26.4. Arenatural polymers hazardous forthe environment? Explain why?
26.5. Draw the structures of the following polymers.
(@)  Polypropylene
(b) Polystyrene

G Constructed Response Questions

26.1. Whyisitdangerous to burn discarded articles made of plastics?
26.2. Why s it not advisable to dump discarded synthetic articles in oceans?
26.3. Whatistherole of catalyst inaddition polymerization?

26.4. Deduce the monomer from.the following addition polymers.
(I} ‘[CHE_EH'}E

Cl
(i)  4CH,-CH%;

|

CN

Descriptive Questions

26.1. How s PET formed? Can you recycle this polymer?
26.2. Differentiate between addition and condensation polymerizations.

26.3 Write down reactions alongwith the conditions to prepare polyamide and
polyester.
26.4. Describe the role of synthetic polymers in the textile industry.

26.5 Describe the effects of synthetic polymers on the environment.
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Pairi " / nstructions or rearatian
of Exam Paper of Chemistry for Class-10

ESSENTIAL INSTRUCTIONS FOR PAPER SETTERS

The paper of Chemistry (General) for class 10 will consist of 60 marks. Timing of
the paper will be two hours. The paper will be made as per following details:

Objective: Qe t

12 Multiple Choice Questions 1x12=12

The detail is as follows:
Chapter 14|15(16|17|18(19(20|21/22(23 /24|26

No.ofShort [1 |1 (1|11 1][1]1[1]1|[1]1
Questions

TG OTEH Q-2:

m 5 short answer questions have to be answered outof8. 2x5=10
The detail is as follows:

Chapter 14(15+16 |17 |18
No.of ShortQuestions | 241 | 1| 2 | 2

Q-3:
Five (5) short answer.guestions have to be answered 2x5=10
out of Eight (8). The detall is as follows:

Chapter 1920 (2122
No.of ShortQuestions | 2 | 2 | 2 | 2
Q-4:
Five (5) short answer questions have to be answered 2x5=10
out of Eight (8). The detail is as follows:

Chapter 23 124 (25|26
No.of ShortQuestions | 2 | 2 | 2 | 2

15[ {1 -4 This section will contain three detailed questions 2x9=18
bifurcated in two-part a & b (carrying 5 & 4 marks

m each) and students have to attempt 2 questions The
detall is as follows:

Q-5: Q-6: Q-7:
Chapter |14 |15 Chapter | 20|22 Chapter 23|25
Part al|b Part al|b Part a|b
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Note: Four possible answers A, B, C and D to each question are given. The choice which you think

is correct, fill that circle with marker or pen ink in the answer-book. Cutting or filling two or more

circles will result in zero mark in that guestion.
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Q.1. Select the correct answer. _ . (1x12=12)
P | RPN
(1) Which gas will diffuse at the fastest rate? _Jﬂffj;é'u}_;:_ .__..»*qu‘;,!f (i)
(a) HCI (b) SO, () H.,S (d) CO,
(i) Volume occupied by 15 moles of ammonia gas at RTP ., RTP slisg7 15 L ;_;;l_.;y‘l (ii)
(@) 224dm’ (b) 160dm’
(c) 360dm’ (d) 265dm’

(iii) Which of the following metal is the highest in the electrochemical series?

S ol Cri iy S Sity s B5 A (i)

(@) Tines . (b)~lron T
(c) i“~.*'l‘=.|f;|mesiumﬂff"C () "Zinc &) ;

(iv) The shape of the crystal of NaCl is: :,:-__;,;ﬁ;fd;kfii’p;{(:jf (iv)
(a) Cubic uf:ff (b) Hexagonal an,@f
(c) Rhombic .._C‘u (d) Trigonal JTJ;}

(v) The oxide that is neutral in character: :.;J.&:’ =l JJ? l”L«'ﬂTL,;*h..f_.{l (v)
(@) ALO, (b) SO, (c) CO, (d) NO

(vij  ThepH ofdistilled wateris: e pH ket (Vi)
(a) 6.5 (b) 8.5 (c) 7 id} -1

(vii) Select the general formula of alkyne family. :L,fi}:ﬂy‘;ﬁJ/:-jf E.’L,!'-‘fufﬁfl (vii)
(@) CH... (b) C.H,, (QCH,,, (d)CH,..

(vii)  Which of the following is not used as a fuel? st XU 12k s b e U L 5ounr (Vi)
(a) LPG &-(- L (b)CNG G- /1.
(c) Diesel Jz 3 (d) Asphalt &/

(ix) Which of the following acids is present in apple?

e bzl iegde JEL 3B st (iX)

(a) Citric acid A1) (b) Tartaricacid L 0k
(c) Acetic acid LG (d) Malicacid &y L~

(x) If the reactants posses an energy higher than the activation energy, than the reaction will
be: by iE A Sodnnslie GHFEGHSA LS (0
(a) Slow =~ ) (b) Fast =
(c) Not affected Gor 5 (d) Instantaneous (¢
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(xi) Which polymer can be recycled? *‘:_Gﬁw’&w;ﬁfu!uw;w (xi)
(a) PET (-1 Q (b) Polystyrene J_fl.ad,g
(c) PVC §-s-¢ (d) Epoxy u’?n

(xii) Which catalyst other than H,PO, can also be used for hydration of alkenes.

?;;;;CI:LF_L!JIJWI%LJ; ny ,-f A Ll HiPOs (i)
(a) NaOH (b) H,SO,
(c) CH,COOH (d) Ni

Subjective Type (Part I)

Time allowed: 1:45 Hrs. Max. Marks: 30

Q. 2: Write short answers to any five (05) questions:

:.ﬁ/@glgﬁyiamr(S)ég;Jf

(i) Iscondensation an endothermic process? fe u"fl”-* L/fi?:u’fdiru'ﬂkf (i)
(i)  Why ice melts when the pressure is exerted on it? ?.;. ﬁ‘l'”guﬁ;}%:.rﬂw{ﬂ:,; ....5..:..._.4 (1)
(i) Whyis percentage yield important? ?::'_.I/:I'u{il.-.mé;:; (iii)
(iv) What are the main objectives of electroplating? TLEHLIJHE.LEJL%L Bk A (V)

(v) Give any two features of the catalytic action of anenzyme.
-bft'::s_uﬁ%:uﬂﬂ;i./fﬁ%#iﬁfﬁlgf (V)

(vi) Fromwhere do molecules get energy to attain higher energy state?

¢ g Mo IGIHIRL L S es B3, i

(vi) Nametwo insoluble carbonates. -durti’.ﬁ%m@bﬂugﬁ (wil)
(viii) What is crystal lattice? ?ugg‘c_{ﬁfj (viii)

Q. 3: Writeshort answers to any five (05) questions:

:“.ﬁo/:agfﬁﬁgéaﬂlf(ﬁ)éks-(j[

(i) How nitrogenis obtained from air? T:;.J@JJ“LF&:;I:WR:}’I: (1)
(i) How fossil fuels produce SO,? sl wed SOHMSF (i)
(i) Whatis trachoma disease? ?;f_d;kgduﬁflﬁ (1i1)

(iv) Whatis the difference between sedimentation and filteration?

?s;:-J/;.L:'/u'le/“h:ul' (i)

(v) Define structural isomerism. _H;';_@}J(j;ffﬂ_)/{; (V)
(vi) Write down the structural formula of Butan-2-ol. A7 A A ffJ}l_Z-dff (vi)
(vii) How an alkene can be identified? T bby’ywd_lfﬂ (vii)
(viii) Why is oxyacetylene flam so hot? ?‘f— bﬁu;frf;,;:_hﬁw:fu.ﬁ lo;i' (viii)
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Q. 4: Write short answers to any five (05) questmns:

:gig..*:—!,fﬁﬁ?d:..-;ﬂlf(@ég;é[

() Give any two disadvantages of fermentation reaction _Jfb_,th'i;::ib}i:l Lj}j‘"'? (1)
(i) Howethanolis prepared from ethene? ﬂ;dhwp ..-_J]'J',rp-_.n;_ufu (i1)
(i) Whatis esterification reaction? "U’"«;"—f‘:u'(' diuﬁ/.-q (1)
(iv) Howdoes ethanol react with propanoicacid? '?.:.L"/C/'rl djéﬁb&#’l-«ff}f JAF (iv)
(v) Whatis the role of enzyme in our body? iugd_f;ripgfg/r;fu:r)—;_m (v)
(vi) Whatis glycoside linkage? ?Lﬂffﬁff-{éﬁ-ﬁffﬁ (vi)
(vii) Whatis the role of catalyst in addition polymerization?
Ce bt St UL WUEFA L1 A (i)
(viii) How does condensation polymerization reaction occur?
":.LL:";AC:’;EJ{IJ;J’;I/‘JJJ")J (viii)
Subjective Type (Part M)
Note: Attempt any two questions. -.;_é}.,gwi ey
Q5: (a) Differentiate between evaporation and boiling. _Urj’fj,@'juﬂ_ﬁﬁ,mb%%g; (5)
(b) How would you identify the limitingfeactant in a chemical reaction? 4)
e (PR g b ki Bt PR S
Q6: (@ Whatisfertilizer? Mention the essential qualities of a good fertilizer. (5)
_Qfﬁfayﬁﬁléwﬁl?@gijg
(b) Describe two methodsof preparation for ethene. ) (4)
A E P LSS
Q7: (@) Describethe applications of ethanol in pharmaceutical and cosmeticindustries. (5)
,J;;JL}JJJLJ‘I‘;CJ!“F"LC‘ - ﬂhﬁ-“ﬂﬂﬁfbﬁ
(b) Whatare carbohydrates? Describe their classification with examples. (4)
_Jf_.sujd/u"'ﬁww/ iﬁbiuﬂﬁﬂ%ﬂ.{dfuﬁ s K
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