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1. Why learn polymer structure?

structure
Polymer L motion
physics :

properties
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2. What're the features?

@ Chain-like
@ Flexibility
® Diversity

@ Complicated Condensed State Structure

Where are the examples?
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3. The 4 levels of polymer structure””

+ 15t level } Ahbqut one single polymer
> chain

nd

= sl chain structure

+ 3 Jevel } ;ba?iz; a flock of polymer

+ 4t |evel E

condensed state structure
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(@) 1%t order structure

¢ The short range structure
— chemical composition (#84¢t)
— Architecture (#93£)
- Configuration (#92&)
— sequential structure of copolymers
(F3IeE48)
«Microstructure of one single chain

Wentao Hao, Hefei University of
Technology




(b) 2"d order structure

« The long range structure
- Size (RT)
— Shape (#®3Kk)
— flexibility of molecules (S&t%)

* Morphology of one single chain

(c) 3" order structure

« crystalline phase structure (fa49)

¢ non-crystalline phase structure (desmiazs)
 oriented phase structure (mm48)

« liquid phase structure (s&dus48)

e Corresponding-to.a flock of chains
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(d) 4™ order structure Short Chemical Composition
Range E> Branching and Crosslinking
« textile phase structure ( 3 &%*g) Chain Structure Configuration ......
. H Structure
Composed of third order structures #f:é’e [> size (Molecular Weight)
Structure Morphology (Conformation)
Crystalline
condensed Non—crystalline
state Orientation
Structure Liquid crystals
Textile structure ......
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* Composition Where are
;Eﬁﬁ * Branching and crosslinking the
B TRESEN m?:,;s * Sequential of structural units examples?
i « Configuration
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What’s the chemical composition?

< Polymer chain structure is linear, such a
concept was proposed and confirmed by
Staudinger et al in 1920’s -1930’s

¢ Polymer chains are always obtained by
addition reaction or condensation reaction
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Addition Reactions

structural units ——
O S B
Main chain ‘
(E8) Cl /
Side groups or substitution Degree of Polymerization

M (BEE)
ux)

e.g. Polyvinyl Chloride - PVC
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Condensation Reactions

o o

| Il

MHO—R—0OH + mMHOOC— R —COOH——> O*R*O*C*R*C+
N<— R0
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-
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Carbon Chain Polymers

polymer chain is composed of carbons linked by covalent bonds
(most of them are obtained by addition reaction), for example:

\LCHz*‘CPa*}n X =cl -0  —ok  —ooock,
X

These polymers are difficult to be hydrolyzed. In addition, they are easy
processing, are flammable, are easily aged and not heat-durable.
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BESIDES CARBON CHAIN POLYMERS

Heterochain polymer

RrEBRDT
Elementary Organic
-1 polymer
TRENEDF

Elementary chain polymer _»

TLRaAS :
i | Elementary Inorganic
. I polymer THLE AT
Due to the different structures, =
the properties of polymers are
not the same.
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Hetero-chain polymers

* backbones are to—o+ pOM
composed of carbon
atoms and other atoms T 1 5
like O, S, N etc Homr—o—c—m—c E:tg
P

—{NH—R— NH—l— b —}n PA

they are easy to be decomposed by water, alcohol or
acids, but are heat-durable and strong

Most of them are used as engineering plastics.
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* backbones are composed of non-
carbon atoms, like Si, P, Al, Ti, As, Sb,

Ge

(|3H3 PDMS
fsli — o —  Silicon
n

CHs rubber

Features: they are thermal stable, like inorganic compounds; but
are also of elasticity and plasticity, like organic compounds; usually

they are weak in mechanical properties
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Ladder polymer

« Molecular chain is not a single chain, but
like “ladder™ or “double helix”

CH, CH, CH,
4 & 4 N A VLN APV AN
‘ ‘ CH CH CH CH N ¢ c c
N L W Lo [ e | L]
A A\ &N \\N cx,\, c\\ v \\N/\N/C\ /
N N

features: thermal stable.
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the composition of polymer*

Nuclear Infrared

Element X-ray

meth
PR aMGE

RN X-RRTE
TR LR, P10
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Physical techniques for observation of .

analysis fluorescence Magnetic
spectrum, 1| Resonance,| SPectrum.|

218

What are branching and
crosslinking?

Linear polymer chain Branched polymer

W“mnw

““”N‘;“‘\ -

Can be melted or dissolved
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. Table 2.1 Comparison of different
Crosslinked or network Polyethylene*
pOIymer Low density PE | High density PE | Crosslinked PE
Density (g/cm3) 0.91-0.94 0.95-0.97 0.95-1.40
Crystallinity (%)
by X-ray 60-70 95
detection
Melting point (°C) 105 135
Tensile strength
715 10-20 20-40
© (MPa)
~pper using 80-100 120 135
temperature
Can not be melted or dissolved Soft plastic Hard plastic | o ocinic
Application products, thin products, pipe, o
3 & equipments
films sticks
*REYMEH SR, P25
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Physical techniques for analyzing
branched and crosslinked polymers*

What'’s the sequential structure of
copolymers

« Copolymer may contain two or more monomer units
e -A-B-A-B-A-B-A-B- alternating (3z#) copolymer

* -A-A-A-B-B-B-B-B- block (&) copolymer
* -A-B-A-A-B-B-B-A- random (FE#k) copolymer

Infrared Nuclear Raman « -A-A-A-A-A-AAA- grafting (Bt copolymer
S_pectr_um Magnetic Spectrum i
Resonance E S
B B
B
*RRY G5 HERE, P27
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. . A . Why itisa
Experimental methods to analyze What is configuration? Key Point?

sequential structure of ¢

Configuration is refer to the arrangement of atoms fixed by
the chemical bonds in molecules.

BE RIENFT P FRABENR T E=a 3.

Same polymer, different

Infrared I\I;I:gll]ﬁ:‘c configuration
SpeCtrum Resonance Optical Geometrical Bonding
k isomerism isomerism manner

AR S| R Soses ey T isomerism

SRR SR, P29-37 RN
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A. Optical isomerism J& )71
R WES TFRELEENELH?

R Fa Lo,
CiIR, CiiRg N
Ry \ Ry
R3 R4
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3 kinds of isomers
(&) (p) (&) (R)

M Isotactic

i SR
OEON
\/I.\/WL\ §yndiotactic
bR RS 8 B3zt
‘/i\‘ H \/ I;\’\w \/R\

t . Ll LE Atactic
\/J,’\%W\ Pt YR |

H O (R) H H

EEMEFIHREWRRITRLEREY
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Isotactic
- S FHESHRE, THER.
*-D-D-D-D-D- or —-L-L-L-L-L-
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- BTREHAE, TES Syndiotactic
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B. Geometrical isomerism

TR bond

A
Covalent .
bond

Double bonds on the main chain
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Poly(1,4-butadiene)
NTES B VAN
trans-Jx A trans N\ NN\

In Latin, trans means “on the other side™ ;

and cis in-Latin means *“on the same side™
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OH
TCOHz—C=CH—CHp- ™
Polyisoprene
¥ N
CHz H CH3 CH
o=o pome(
- GHp CHpevne e GHZ H
| vl RAE
Cis Trans

What kind of isomerism can be obtained
for polyisoprene in 1, 2 addition?

Wentao Hao, Hefei University of 37
Technology

c. Bonding manner isomerism

—CH;—CH —CH—CH —CH;—CH —CH;—

1,2 addition | | |

R R R
I - head-to-tail
CH, =——=¢CH

1,1 addition *CHr(‘JH *L}H *CHrCHr(‘JH —

R R R
head-to-head or tail-
Random head to tail to-tail

In general, polymers are like to be linked in
head-to-tail manner.

(why?)
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Head to tail

v

°

Head to head
or tail to tail

$
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Possible configuration of divinyl %
polymer

+CH27‘0:0H—CHZ%"

Cl

Cl
H,C=C——CH=CH, +CH27(‘:+
n

g \ H‘C:CHQ
H
+CH2*?+,1
C=CH,

Cl
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Q1. Which kind of isomer they are for the
following polymers?

(1) —b—D—D—D—D—D—D—
(2) —L—L—L—L—L—L—L—
(3) —b—L—D—L—D—L—D—L—
(4) —D—D—L—D—L—L—L—

Answer: (1) isotactic; (2) isotactic;
(3) syndiotactic; (4) atactic
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Q2. Propylene oxide (BRE&E R %E) can form different isomers I\,
through ring-open reaction, try to illustrate their structures

CHy

]
4on —cno}
Due to the chiral C atoms, the structure of PPO will be

Poly (propylene oxide)/PPO

Ha H Hy H
ISR N I )
isotactic \O/E\?/o\3/i\o/i\?/0\?/»‘<\o/
" H " "
Hi3 H Ha H
. % H Hol H Wl
syndiotactic \o/?\%/o\%/ﬁ\o/ﬁ\%/O\%/ﬁ\o/
g H CH]H " H CHJH
oy Ha 1oy Ha
atactic \o/?\\/o\?;?\o/?\\/o\?;ﬁ\o/
W i' " ens g j‘ "
" M
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Q3. Isomers of polyisoprene

1) Cis 14

3) 1,2-isotactic

4) 3,4-isotactic

5) 1,2-syndiotactic

6) 3,4-syndiotactic
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