The preceding polymers would thus be nan:ed as follows:

Source nume IUPAC name

Polyethylene Poly(methylene)

Polytetrafluoroethylene Poly(dif uoromethylene)

Polystyrene Poly(1-phepylethylene)
Poly(acrylic acid) Poly(1-carboxylatoethylene)
Poly(a-methylstyrene) Poly(1-methyl-1-phenylethylene)
Poly(1-pentene) Poly[1-(1-propylethylene}
In the IUPAC system, parentheses are ahvays used following the prefix; also ethylene (rather
than ethene) is the acceptable structural name. Furthermore, the IUPAC system makes no
distinction between polyethylene and polymethylene,

Diene monomers such as I,3-butadienc (CHy=CH—CH=CI1) create special diffi-
culties because they can undergo both 1,2- :d 1,4-addition. Thus poly(1,3-butadiene) may
have two possible repeating units:

.+n:“n_:|L| ~CH,CH=CHCH,}-
f o:HQL
1,2-addition 1,4-addition

with the latter capable of exhibiting cis—trar. isomerism. To name the polymer by IUPAC
rules, the CRU of the 1,4-addition product i; best written in the less familiar format:

~fCH=CHCH,CH,}-
Assuming each butadiene polymer were Lo ccrsist of a single repeating unit, the names would

be as follows:

Source name
1,2-Poly(1,3-butadiene)
1.4-Poly(1,3-butadiene)

1UPAC name
Poly(1-vinylethylene)
Poly(1-butene-1,4-diyl)

1,2-addition

1,4-addition

The prefixes cis and trans are placed in front of the name, as appropriate, for the 1,4 poly-
mer. Until yecently the ITUPAC had recomrriended the name poly(l-butenylene) for the
1.4 polymer, but this has been changed to icentify (by *1,4-diyl") the bonds linking the re-
peating units. The source-based names are commonly simplified to 1,2-polybutadiene and
,_.?_EJ&:E&n:n.

In polydiene synthesis, both repeating units and stereochemistries are invariably pres-
ent in the final product, with one predominating depending on the reaction conditions. This
is explored ore fully in Part II. Other aspe<is of polymer stereochemistry are discussed
in Chapter 3. Some additional examples of vinyl polymer nomenclature are given in Table
1.2 .

TABLE 1.2, Representalive Nomenc!

ature of Viny! Polymers

Monomer Monomer Polymer Repeating Source [UPAC?
Structure Name Unit Name Name
CH,CH=CH, Propylene n:un_u: Polypropylene Poly(propylene)
CH,
CH,==CHCI Vinyl -+CH,CH Poly(viny! Poly(1-chloro
chloride 4 chloride) cthyiene)
L
CH,=C(CH,), [sobutylene B m_ur Polyisobutylene  Poly(1,1-dimethyl-
OM. yxﬁzun_u ethylene)
| CH,
CHy=CHCN Acrylonitrile 1nm:“%_._ Polyacrylonitrile  Poly(1-cyano
ﬂ_Iu | CN n:._%_n:nv
CH,=CCO0.CH; Methyl " CH, Poly(methyi Poly[1-(methoxy-
) i methacry- _ methacrylate) carbony!)-1-meth-
--CH.C
fate - ylethylene]
] wo“n:,
T
CH,=CHOCCH;, Vinyl +CiH,CH Poly(vinyl Poly(1-acetoxyeth-
acelate %ﬁn_.: acstate) ylene)
| (o]
N.__CH=CH, .
O : 2-Vinyl- -FCH,CH Poly(2-vinyl- Poly[1-(2-pyridinyl)-
pyridine N pyridine) ethylene]
L
n_:h CH: _CH, .
CH;=C—CH=CH, I[soprene L=C_ cis-1,4-Poly- cis-Poly(1-methyl-
CH, H isoprene |-butene-1,4-diyl)
i |
CH,=C—CH=CH, Chloroprene CH,CH 3,4-Polychloro-  Poly[1-(1-chloro-
2 1 D _ l.'l:_l

CIC=CH, |

prene

vinylJethylenz]

HUPAC, Intemational Union of Pure and Applied Chemistry.

Having two such nomenclature systems may be confusing at first. The source-based sys-

tem is still the one of choice among most polymer chemists, notwithstanding the fact that
such important reference works as Chemical Abstracts and Polymer Handbook have adopted
the IUPAC system. The [IUPAC is not dogmatic on the point; it recognizes the use of source-
based-names where no ambiguity arises, but it advocates a more systematic approach.
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TABLE 1.3. Representative Nomenclature of Nonvinyl Polymers

Monomer Monomer Polymer Repeating Source or IUPAC

Structure Name Unit Common Name Name
Polyethers

0.
CH,—CH, Ethylene oxide —{CH,CH;0} Poly(ethylene oxide) Poly(oxyethylene)
HOCH,CH,OH Ethylene glycol —{CH,CH,0} Poly(ethylene glycol) Poly(oxyethylene)
CH;0 Formadehyde —CH.0f Polyformuldehyde Poly(oxymethylene)
CH,CHO Acetaldehyde (|2HO Polyacetaldehyde Poly(oxyethylidene)
CH,

Polyesters

o] L o]
E( _ |

o B-Propiolactone OCH,CH,C Poly(B-propiolactone) Poly[oxy(1-oxopropane-
or poly(3-propionate) 1,3-diyl)]
fowdl
HO(CH,)yCO-H 10-Hydroxydecanoic O(CH),C Poly(10-decanoate) Poly[oxy(1-oxodecane-
acid 1,10-diyD)}
i 7
HOCHZCHIPH Ethylene glycol ’ OCHICH:OC—@C Poly(ethylene terephthalate) Poly(oxyethylene-
+ oxyterephthaloyl)

Hozc—©>»cozu

Terephthalic acid

(44

sanaadosg pup 2.nMAS 1awljod

Polyamides
o]

NH

HaN(CHa1)10CO:H

HaN(CHR)sNH2
+

“HO,C(CH2)sCO2H
o} o]
|

|
c1c@cc1

H,N(CH,),NH:
+

c1o,s\©/so,q

Caprolactam

11-Aminoundecanoic
acid

Hexamethy-
lenediamine

+

Sebacic acid

Terephthaloy!
chloride

+

m-Phenylene- :
diamine

Tetramethylene
diamine
+

m-Benzenedisulfonyl

hloride

, 9 \
NH(CH2)sC

i
NH(CH:).OCl
o) o
J; | l|l
NH(CHa)eN1IC(CH)4C-

0 o)

Jt [ _@_ |

NH : _NHC C
TNH(CHlLNHOZS@/SOZ

Polycaprolactam or
nylon 6

Poly(l 1-undecanoamide)
or nylon 11

Poly(hexamethylene
sebacamide) or
nylon 610

Poly(m-phenylene-
terephthalamide)

Poly(tetramethylene-m-
benzenesulfonamide)

Poly{imino(1 -oxohexane-1,

6-diyl)]

Poly[imino(l-oxoundccune—

1,11-diyD)]
Poly(iminohexane-

1 ,6-diyliminoscb;\coyl)

Poly(imino-1 J-phenylene-
iminoterephthaloyl)

Poly(sulfonyl-1 3-phenylene-

sulfonylimino-butane-1,
4-diylimino)

sajdiourtd asog
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Solvent’ Concentration M,
£/100 ml -

tnsulin : Water’ - 12,000; 36000, 48000
Pepsin Water 36000
Excelsin Water 214,000
Edestine Water 50,000
Polyisobutylene
C (-3-3.5) Cs Hg 1.0 970,000

0.5 970,000
C (-3.5-4) Cs Hg 1.0 625,000

0.5 608,000
C (4.-5-5.5) CsH,, 0.5 408,000

1.0 378,000
4 (5.5-6.5) Cs H,, 0.5 304,000

1.5-0.5 308,000
5(6.5-8) CsH,, 1.0 98,400
6 (10-12) Ce Hy, 99,200, 98,800

Probs

Aluminium block for
| .— thermostating
the syringes

Gasket

Wick
L Themistors
| —Window

] Glass vassel

for solvent

Aluminium

measuring call

ig. 9.22(b) Schematic diagram of a vapour
pressure osmemeter. (Courtesy:
Knauer & Co., Berlin.)
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Fig. 9.28

Molecular Weight and Its Determination 42§

Fig. 9.24
Light Scattering Method

It was at first believed that the light is scattered only by particles of colloidal size and media
free from such particles is known as optically empty. It has now been established that no
matter how pure the fluid (gas or liquid) is, it is capable of scattering light. Light scattering is
caused by centres due to clusters or associate formation. ,,

Ruyleigh observed the scattering by gas molecules and the intensity of the light scattering
by isotropic (having the same property in all the directions) particles or clusters 'depends on
their size. concentration and polarizability,

Tyndall noted that white light on being scattered by turbid medium gives reddish colouvr on
transmission and bluish colour on polarization. Blue colour is scattered to greater extent rhan
the red colour. This explains the eilccts of blue of the sky and red of sun set.

Debye* and others 4% extended the theory of Rayleigh to non-ideal solutions of paly-
mers and proteins. Bouger-Lambert derived a law for the absorption of light. On sinvilar
grounds

I=1I exp(-1x) (2.75)
where /, and / are the intensities of incident and scattered beams respectively, Tis the turhid-

: , . MU A N
ity and x is the thickness of the medium. The coefficent of scattering R = R L
o H
where r js the distance from momnn:.:wé_:aooo_umn?nnwsnfmgn mnmznz.sm,\o_::.o.

Barrow *® has proved that for non-polarized incident radiations,
P P
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Solvent _osr/ |

S0 Palymier Structure and Propertics

Opticel monitoring system Photographic . '
/ plate Degasser
N R
Oplic : —...\o.... ?ﬂ.mc:
window ! Driving molor :
: i _ _ v Photomultipher SrE Pressure gouge
- '
— Steel chamber
Sample
.|--Counterweight .:3%6: - ---
Somple — )
cell — H———- Vocuum
Thermastat Reference
i column
Sample '
column T
. |
L.
3 Differential \u
Light beam . relroctomaeter 7T
Figure 2.7. Schematic of an uliracentrifuge. [From Rabek.™ copyright 1980, Reprinted by - viscosly
permission of John Wiley & Sons, Lid.| deteclor Sipbon
. 5\ <
. . ' 1826:
Parnally fransmilling mirrof colle-to
vo.o:::/ \ \mc_:a:an_so murror Figure 2.9. Schematic representation of a gel permeation chroratograph. __u-o_s Ral
copyright 1980. Reprinted by permission of John Wiley & Sons, L1d.}
o
tight- Thermosiat
scatlering 7N
: \
cell ) m Analyzer
Photomultiplier E

Imbalance
amhfier

—
—

Pen |
x«.aooaﬁ

Figure 2.6. Schematic of a laser light- mS:n::n :?:E:n_: [Froem Rabek, ™ noE:_w_: _26 | /

Reprinted by permission of John e<__n< & Sons, l.1d.] R L
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25—m! flask

Asbestos board
or wire bauze

/ A Ice bath | h

To vacuum . :

Rotary Evaporator
(a)

Reaction
solution

sokE sl ke w8 Qe S

W s
Air of vacuum
500 W infrared reciprocating motor
radiant heater moves in
300° arc “1
1 = 3 P "
gicasson| 2 - Hollow axte [kd Lab ring stand,
pot and =" for vacuum c:)aowg?.s ?antd
o urce
recbzltvt;sng $0 (not included)
Y

Figure 7.9. Kugelrohr distillation apparatus.
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Figure 3.4 A ._sm.n:nsg_‘ osmometer used by Krigbaum and F
P.J: Flory, ?.Sq.i% of Polymer Chemistry, Copyright © 1953 b
Used by permission of the publisher, Cornell University .?nmm.v
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lory.
y Cornell University,
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Figure 3.5 A two-cell rotor used in the Spinco model E ultracentrifuge. (Reprinted from
Mari-jo Zeller, Model E Analytical Ultracentrifuge: Instruction Manual, Used by
permission of Beckman Instruments, Inc.)

run. Centrifuges are designed 1o run at speeds of 2000-68,000 rpm. The lower
limit is given by the requirement of mechanical stability of the rotor, the upper
limit by engineering properties of the construction materials.

The heart of the ultracentrifuge is a rotor (Figure 3.5). It is made from
materials having the best strength-to-mass ratio: aluminum and, more recently,
titanium. At a distance of about 6 cm from the axis, it has two holes for a cell and a
counterbalance (recently, rotors with up to eight holes have become available,
allowing multicel] runs). The cell (Figure 3.6) consists of a housing, a centerpiece
that forms the body of the solution compartment, and two thick (5 mm) windows
that form the sides of the cell and allow for optical observation. The windows
should not distort excessively under the action of centrifugal forces. Originally,
they were made from fused quartz, but this material proved to be too soft.
Sapphire windows are preferred for more demanding applications.

The centerpiece has either one or two compartments. In the latter case, one
compartment is filled with the macromolecular solution and the other with
reference solvent. The compartments are sector shaped with the apex at the rotor
axis. This arrangement allows for undisturbed radial movement of molecules in
the vicinity of the walls. The twin compartments can each hold up to 0.45mL of
liquid, forming a liquid column up to 10mm long. _

The rotor spins in a cylindrical chamber. Now, the centrifugal forces are huge
(with accelerations equivalent to up to 200,000 times gravity), and the kinetic
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Chemical Structure and Po{ymer Morpho[ogy.
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