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Chapter 4. Structures of Polymers

Natural polymers: wood, rubber, cotton, wool, leather, silk
Synthetic polymers: plastics, rubbers, fibers

S 888, M7t BEEEte =4, 7139 80|

(e
> metals, ceramics CHA]|

Hydrocarbon Molecules
> C&HE 74

St FE ZEe 2REE

Saturated hydrocarbon (Z£8}Etst=4A): B E ZAE 0| single bond
- Paraffin 3t&f= (C H,,.»)
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Table 4.1 Compositions and Molecular Structures for Some of the Paraffin
Compounds: C,H;, ;>

Name Composition Structure Boiling Point (°C)
H
|
Methane CHy, H —(i:— H —164
H
Ethane C>Hg —88.6
H H H
[
Propane C;Hg H _([7_('7_(]3_ H —42.1
H H H
Butane C4H|[| . —0.5
Pentane C5H|2 . 36.1

Hexane CeHy . 69.0
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Unsaturated hydrocarbon (& Z &t EHet+4)

- double bond or triple bond& # = EtslsA
H H
\C_C/ o
ST H—C=C—H
H H
ethylene acetylene
« Isomerism (0|2 &): same composition,
but different atomic arrangements H
|
SENRE SRS H—C—E
P‘I if r|l PIT ]‘[ E[I
= === =T
| | | | | H—C—C—C—H
H H H H I
H H H
normal butane iIsobutane

(b.p. = -0.5 °C) (b.p. = -12.3 °C)
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Table 4.2 Some Common Hydrocarbon Groups (_T'_—E—XI- -_r"zEO'” %?_ -|C'>r7|§|'é—|l- 75!”%7')

Characteristic Representative
Family Unit Compound

R & R’ : alkyl group

|
—0
|

C

Alcohols R Methyl alcohol . =1 A
H (Z3tEr3tA 2 E 7))
|Il [|I
Ethers R @ R’ H —cl‘,—o—c|‘— H Dimethyl ether ex.)
HoH CH,- (methyl)
H OH
| ‘ -
Acids R‘ H —(|‘.— \ Acetic acid C2H5 (ethyl)
H O CgHs- (phenyl)
R H
Aldehydes C=0 Formaldehyde
H
R OH
Aromatic hydrocarbons (‘) . Phenol
|
H “C’jC\C/J I
* The simplified structure ‘ denotes a phenyl group, | |
C\‘:m /C‘x
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Polymer Molecules

> “macromolecules” (7ACHE X

Polymer (12 XAt, & 2[MH): “poly” (many) + “mer” (part)
%, many parts (0421 7He| £ 20| XTI )
Monomer (2t Al): 12X &0l A8 El= 72 2%t

Monomer » Polymer

I

Polymerization (&)

(‘3 (‘3 (‘: (‘: (‘3 (‘j (‘j : Polymer backbone2] 0f
I e e A

(SREH2Z A7)
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Chemistry of Polymer Molecules

Ex.) Polyethylene (PE)2| & 1}

H H H

| |
R +C=C— R—C—C (FHA| BFS)
Active species (from initiator or growing radical)
Radical ( - ): active site, unpaired electron, free radical

H H

R—C—(|j- + C=C — R— ‘ (gél- I:||_|-%)
H H H H H H H
H H
MZXF HES | _
SS TS _((‘:—clg;; . PE (Ec|of & &)
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fa)

oc C-C-C Zg 2t 109.28°
" C-C £&40[: 0.154 nm

Fig. 4.1 Polyethylenel| 7t Z&: (a) At&(chain) X 2f EFH=
CH2!, (b) zigzag backbone +EE EA|S 3kt 2E.
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SIS
iRk

F F F F
tetrafluoroethylene
%‘i 1‘5 a|a a|;
1L T
H Cl H C

vinyl chloride

Fig. 4.2 2 7t X| 1 2Xte| = TH2| 2}
METE:
(a) polytetrafluoroethylene (PTFE),
(b) polyvinyl chloride (PVC),
(c) polypropylene (PP).

Repeat unit
i

C C C ? C
| | | |
F F F F F
Repeat unit
fat)
] | | | |
o C 2 C C
| | | | |
C ] Cl
Repeat unit
(b)
] | l | l
G C G G C
| | | | |
CH3 CHg i
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Table 4.3 A Listing of Repeat Units for 10 of the More Common

Polymeric Materials

Pﬂf‘-‘v mer R epeat Unirt
MSE i H
> H:.*II:::-UHH A \i {|: cl
o u Polyethylene (PE) -

H H

" ||
“ Poly(vinyl chloride) (PVC) e

|

H C

E

. |
“ Polytetrafluoroethylene (PTFE) ——E

: ||

F 1

“ Polypropylene (PP) —ﬁl—(f—
u Polystyrene (PS) _é,__c_
|

(Continued)
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Table 4.3 (Continued)

Polymer Repear Unit
H CH,
VMSE 'r,? P 2 é o {I:_
= Repeat Unit ! X ; N | |
A “. Poly(methyl methacrylate) (PMMA) 0 ,ﬁ_“_ri I
()
01l
: CH, cify
. 2
oA
u Phenol-formaldehyde (Bakehte)
1
ClHs
|
1 o 1 (] | (8]
}n"‘n { o ; L "I |-. "
m Poly(hexamethylene _'T_ _'T = _’T P _"l e
adipamide) (nyvlon 6,6) : | ds H H ld

' ) f 0 H H
Peo I 0
“ Poly(ethylene terephthalate) = § _”_(I _? i

(PET, a polyester) H H

CH ;
& Polycarbonate (PC) = J‘<:>7{|1‘C>7”_C_
|
C
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- Homopolymer (EHL S A
A& g el s

- Copolymer (
& O|dfe| M2 CHE BHFER(Z2 8 nEXl

- Bifunctional monomer (O|Zr& A EFFR)
. CHE Bt = 719 %%?é'i*% S5l O|XtR A&
01

EAITEE 85t HEA (0d: ethylene)

rI

- Trifunctional monomer (& 2f 2 A1 EHEFR))
CtE2 SRt Ml 712 %%éﬂ% S5l AR T
EATZE HEstsE BEA| (0l phenol-formaldehyde)
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Molecular Weights (£ XH&)

Polymer= & & Al chain length7} CHQF
- molecular weight distribution (MWD)& X|'€
. Average molecular weight (Bt 2XI2HE AL

« Number-average molecular weight (=4 & 2 X2

FI

=3 XM, i #Rl0l Qs TERO| EAtE

number fraction (&£ &)

oH

« Weight-average molecular weight (&4 24}

ol

)

| EAHE

r|r

DEA

[e

ZWM — i He{of

weight fraction (B EE&

N’
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[Number-average, IITIH

Weight-average, M,

Amount of polymer ——~

Molecular weight ——
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 Degree of Polymerization (3 &)

- DEX AbE &0 R EQI HHE B (repeat units) £

-0

Ex. 4.1) Fig. 4.32| JBi=ZZ EA|El PVC
(@) =8 =X F, (b)) S L, (c) 8

o o
oKl

El

AL 0
Zi
mlg

N
E

> ofx| E0|& ®1stod 4% E0{ = XK.

ol
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Molecular Shape
| 7

\ Single bond (g

)

{er)

Fig. 4.5 A&

(a) 245tz

rn
F>
2'_' o
2]
> lo

(b) FAHe &
&

(c) At



Materials Science & Engineering

Chapter 4. Structures of Polymers

* Conformation; Bt 28 AlE A}

r (end-to-end distance):
DEX AsL FTVI|E
LtEF = STz 7HE
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Polymer properties (ZLE A} 2 4)
. chain length(F, 2XE)0] &2 2=

of) TEXto| & 20{ M| CHEFA AFEN
short chain (M = == g/mol): liquids
M ~ =% g/mol = &1: oligomers (wax or soft resins )
long chain (M = Bt g/mol O|&}): solid polymers

Rotational flexibility (2| |21
. repeat unit & L chemistryoi| 2|&
o) c=C (O|5Z&%) & c=c (& ZEH: 3128 ZF (rigid)
bulky side group (FZ| & Z7tX| &¢t7)): 2|12 M
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Polymer Structure
> Polymer chain M3, 7t X8, 7l s, YAMs 2x
§
Linear polymers: high-
2008000000000,y 00° density PE (HDPE),
PS, PVC, PMMA,
nylon, etc.
‘O-O’OOOO'

linear (M) branched (7} X|&) Branched polymers:
low-density PE (LDPE)

CHS

ol

= \ % & )
\ " [ 7?”
< N Crosslinked polymers:
0000000000 -
Lo >°ﬁ o vulcanized rubbers
Y = /
0000%0 / = \ !
p— A - Network polymers:
_ _ _ epoxy, polyurethane,
crosslinked (7"PL °c=>|) network ( aFA I-°C=>I) pheno|_forma|dehyde

Fig. 4.7 1=Xe| CtEE =4t =,
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Molecular Configurations

\ =
282 B0 MBGstX| efn= v =+ §le At 1l

-
T =

o

H H H H H H H H
L L
C—C—C—C— —C—C—C—C
| | | |
1 H
Head-to-tail configuration Head-to-head configuration
— YtMo =z M3 — R 7| AtOJoi| = gHrE O

L} A 0Ol2
o = US
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e Stereoisomerism (*| O] &)

- Isotactic configuration:
> R 77} 25 Z2 Hoi 2/

\ ":? _:§ _:§ § &
# C C C C
2 C R C/ S C P C P
s € €% £
H H HHHH H H
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- Syndiotactic configuration:
> R7|7t H 52 HZ0l 7tH {A]

® HH ®® HH ® H

\;‘S _:"'.:? s s 39.
C C C C C
>~ €+ € £
H HHHUHHHH

- Atactic configuration:
> R 7[2| Hi¥oi| #2{d0] 10| 2K

C C C C
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« Geometrical isomerism (7|3} O &A))

- Cis structure: - Trans structure:

@ ® S
C=C

/ \ /C —
o CH2 CH2 o S CHz @

- Polyisoprene@| cis 2} trans T+ 201 CHEr o
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Molecular
characteristics

Size
(molecular weight)

Chemistry
(repeat unit
composition)

Shape Structure
(chain twisting,
entanglement, etc.)
Linear Branched Crosslinked Metwork
] ] ]
I | | I
I | | |
| ' | |
i . - | P —— 1
|
lsomeric states
Sterecisomers Geometrical isomers

Isotactic

Syndiotactic

|

Atactic cis trans
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Thermoplastic & Thermosetting Polymers

Thermoplastic polymers (Z7tA 4 T EXH
- Soften when heated
& harden when cooled
(reversible), R 218
(of: 4% U 7HR|E MY DERY

Thermosetting polymers (833t =4}
- Permanently hard when heated
(irreversible), EHEHE
dimensional stability 1
(04: epoxy, phenol, polyester =X| 5)
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Copolymers (S 3 &#)

.,.-"""' m“"‘-...m..l
W N

_..~".‘. o ““"'a..uw
e

"‘-.4‘::..;*“\””“...‘

Fig. 4.9 CtYer SSerAlof CHst

JH2F = (a) random copolymer
(o], =& S EA), (b)
alternating copolymer (LLCH, 12
s 388, (c) block
copolymer (E5 33 &A), (d)
graft copolymer (Z12HZE,

= SSEA).
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Table 4.5 Chemical Repeat Units That Are Employed in Copolymer Rubbers

Repear Unir
Name

VMSE "’ ¥
[=]

o )
> Repeat Units I,
Rubbers u AC["_‘,'G[‘L]’[UIE

E Butadiene
u Chloroprene

Repear Unit
Struciure
H H
L
L
H =N
| A |
||
I
H
Il H H 1
1
I I
1 Cl H 1
L oSl o
—C—C=C—C—

Repear Unit Repear Unit
Name Structure
I|I 'li'_‘l| 14 I|I I|I
Isoprene C—C=C—(C—
I I
H H
I| L'Il 14
1=
Isobutylene | |
I CH,
l‘."I| 14
Dimethylsiloxane el e —
I
CH;
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Polymer Crystallinity
> DI EX}= atoms, ions CHA AFE E El 2XIE O|F 04X metal,
ceramicE2Ct A} HHG0o| =&

Fig. 4.10 ZZ|0& 2 ZH-EF
Zof chet 2: 2 SHA =
T PE2| unit cell& L+E}L
l 719 2 orthorhombic
geometry (a*b#c,

a=p=y=90°)2 2 04Z,

rr

0.494 nm

0.741 nm
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Aol ZHEHE 0~95% THK| EXY
> Semicrystalline (2+ A&

M

-t

- Degree of crystallinity (243 E)
> A HIG (BEE2 78

()
47t A5 (FYECH MY
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Polymer Crystals

> &2 A FY(crystallites) 2t FHEYE Fo| EXfE +EZE 0|F0{F

L 1
S

_Fig. 4.11 E2|0f &
,J"' 2l B4 (single
“ crystal)Q| X}
O3 AHEL

4
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* Chain-folded model (At& 2l 2 &)

> &2 2% G (crystallites) 2
> &2 1E2A SHM HEA

U _“]
2
2.':
02

4
o
m
Pl
jul
-
A
Al
i)
ol
Lo
oA
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 Spherulites (778)

> € (mel)2ZRE AMSIE D EXIo| AHEX

Fig. 4.0 (4% EX| 33)
Ml Fof 78 F =0
CHet X408 AHE
(30,000 HH ZCH).
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Directicn of
spherulite growth
e —— ' Lamellar
= : chain-folded
crystallite

Amorphous
material

Tie molecule

teesphenii Fig. 4.13 Spherulite2| A A
V4 T Zof CHE JHEFE: 2 2
He st odyges

O|F o4&l

i
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L e

"‘

Fig. 4.14 Polyethylene 7 X 0| &340 AFRl: ZF 27 Lo
(ring band0il 2|8t) Maltese cross EE|7} LIEF
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