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Polyelectrolyte

Polymer

Polymer pioneers

Polymerisation

Polypeptide
Pultrusion

Radius of gyration
Random copolymers
Rayon

Reclaimed rubber
Retarder

Shellac
Solubility parameter

Solution polymerisation

Spandex
Spherulites
Spinneret

Styrofoam

Suspension polymerisation

Syndiotactic

Tacticity

A polymer containing charged groups that make it water
soluble where it ionises to form a macro ion and counter
ions

Large molecules built up of thousands of small repeat
units (monomers) which are joined together by covalent
bonds

Those scientists who contributed to the advancement of
polymer science and include Nobel laureates, Staudinger,
Ziegler, Natta, Flory, Merrifield, de Gennes and others
like Hermann Mark, Marvell, and Carothers

Process of making polymers from low mol. wt. substances
(chain polymerisation from unsaturated monomers and
step polymerisation from functional group containing
monomers)

An oligomer made up of few a-amino acid units covalently
liked through covalent bond

A process in which filaments are dipped in a prepolymer,
passed through a die, and cured

rms distances of a chain end from the centre of gravity
of its polymer molecules

A copolymer in which there is no definite ordering in
the arrangement of the two monomers from which the
polymer is made

Regenerated cellulose filament

Recycled rubber

A substance that competes with the monomer for free
radical during radical polymerisation. Decreases both
the rate of polymerisationm and DP and is less reactive
than inhibitor

Resin secreted by coccid insect

Numerical value equal to the square root of the cohesive
energy density. It is used to predict polymer solubility
through matching the solubility parameter of the polymer
to that of solvent

A polymerisation technique in which the monomer is
dissolved in an inert solvent and then polymerised. It
overcomes the problem of heat dissipation encountered
in bulk polymerisation but gives low molecular weight
polymer due to chain transfer

Elastic polyurethane fibers

Aggregates of polymer crystallites

A metal plate with many small, uniformly sized minute
holes (used in processing of films)

Foamed polystyrene

A polymerisation technique in which monomer contains
the dissolved initiator and is then suspended in water
(also called bead or pearl polymerisation)

A polymer in which the pendant groups are arranged
alternatively on each side of the polymer backbone e.g.
methyl groups in polypropylene

Arrangement of pendant groups in space



Tanning

Tensile strength

Telomer

Tenacity

Terylene
Thermogravimetric analysis

Thermoplasts
Thermosetts

Theta solvent
Theta temperature

Thiokol
Transfer moulding

Ultracentrifugation

UV stabilizer

Vapour phase osmometry
Viscoelasticity

Viscose process
Vulcanisatipn

Weight average mol. wt.
Wet spinning

Yield point

Z average mol. wt.

Ziegler-Natta catalyst
Zimm plot

Zone melting
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Cross-linking of leather (protein) with tannic acid
Resistance to pulling stresses

Low mol. wt. polymer resulting from chain transfer agents.
The additive that causes chain transfer is called talogen
Measure of fiber strength

Polyethylene terephathalate

Measurements of change (nomally loss) in weight when
a material is heated

Polymers which can be softened and moulded on heating
Polymer that can be cured by the application of heat.
These are cross-linked infusible material

A solvent in which a polymer exists as a statistical coil
(i.e. in unperturbed dimensions)

Temperature at which a polymer of infinite mol. wt.
begins precipitating from solution

Polysulphide elastomers

A process in which a preheated briquette is forced through
an orifice into a heated mould cavity

A high speed centrifuge process empolyed for separation
of sub-microscopic particles such as polymer chains and
provides a tool for measuring molecular weight of
polymers

An additive that retards degradation of polymer by UV
radiation

A technique that gives average molecular weight of
polymers (usually for low molecular weight range)

A property having characteristic features of both solids
and liquids

Regeneration of cellulose fibers by precipitation of the
sodium salt of cellulose xanthate in acid

The process of introducing cross-links in natural rubber
(usually by masticating it with sulphur)

The second moment of average of a polydispersed polymer
A process of obtaining fibers by precipitation of polymeric
solution

A point on stress-strain curve below which there is
reversible recovery

The third power average of molecular weight in a
polydispersed polymer (larger than weight average mol.
wt.)

e.g. TiCl;-R,Al

A method for recording light scattering intensities
measured at different polymer concentrations and different
measured angles on a graph that on double extrapolation
to zero angle and zero concentration gives mol. wt. of
polymers (also gives the radius of gyration on extrapolation
to zero angle and second virial coefficient on extrapolation
to zero angle)

Fractionation of a polydispersed polymeric system by
heating over a long period of time
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Trade Names for Some Common

Acrilan (Orlon)
Araldite, Epan
Bakelite

Balata
Cellophane
Celluloid
Collagen

Dacron (Terylene)
Dextran

Dextrin
Dynel, Vinyon
Ebonite
Galalith
Glyptals
Gutta percha
Humic acid
Hytrel

Keratin
Kraton
Perspex, Lucite
Pluronic
Saran
Spandex
Styrofoam
Teflon
Thiokol
Tricel
Vinoflex
Vinylite

Polymers.

Polyacrylonitrile based fiber

Epoxy Resins

Phenol-formaldehyde resin

Same as gutta percha

Sheet of regenerated cellulose

Plasticized cellulose

Protein of the connective tissue

Trade name for polyester fibers

High molecular weight branched polysaccharide
synthesised from sucrose by bacteria

Degraded Starch

Copolymer of vinyl chloride and acrylonitrile
Highly cross-linked rubber with 35% sulphur
Plastics from moulded casein

Alkyd Resins

Natural rrans-1, 4 polyisoprene

Polymeric aromatic carboxylic acid present in lignin
Thermoplastic elastomer

A fibrillar protein

Styrene-butadiene-styrene block copolymer
Polymethyl methacrylate

Ethylene oxide-propylene oxide block copolymers
Trade name for polymers of vinylidene chioride
Elastic polyurethane fibre

Foamed polystyrene

Polytetrafluoroethylene

Polysulphide rubbers

Cellulose triacetate

Copolymer of vinyl chloride and viny! isobuty! ether
Copolymer of vinyl chloride and vinyl acetate



Appendix F

Abbreviated Forms of Some Common
Initiators/Monomers/Polymers/

AA
ABR
ABS
AIBN
AM
ASTM
BPO
CMC
DMT
DOP
EO
HDPE
HIPS
LDPE
LLDPE
MA
MF resins
MMA
NBR
PAN
PEO
PET
PF and UF resins
PMMA

PO

PPO

PTA

PTFE

PU

PVA

PVAc

PVC

Additives etc.

Acrylic acid
Acrylonitrile-butadiene copolymer
Acrylonitrile-butadiene-styrene copolymer
Azo bis isobutyronitrile
Acrylamide

American society for testing of materials
Benzoyl peroxide

Carboxymethyl cellulose
Dimethyl terephthalate
Dioctylphthalate

Ethylene oxide

High density polyethylene

High impact polystyrene

Low density polyethylene

Linear low density polyethylene
Methyl acrylate
Melamine-formaldehyde resins
Methyl methacrylate

Nitrile butadiene rubber
Polyacrylonitrile

Polyethylene oxide

Polyethylene terephthalate
Phenol-formaldehyde and urea-formaldehyde resins
Polymethyl methacrylate
Propylene oxide

Polypropylene oxide

tere-phthalic acid
Polytetrafluoroethylene
Polyurethane

Polyvinyl alcohol

Polyvinyl acetate

Polyvinyl chloride
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SBR Styrene butadiene rubber

TCP Tricresyl phosphate

TDI Toluene diisocyanate

TPE Thermoplastic rubber

UHMWPE Ultrahigh molecular weight polyethylene

VA Vinly acetate



Appendix G

Structures of Repeat Units of Some
Common and Specialty Polymers

— CH,—CH, 3} -+ CH,—CH{; -+ CH,—C=CH—CH,}-
‘ I I
Polyethylene
CH, CH,
(|:H3 Polypropylene 1, 4-Polyisoprene
CH,—CH
+4CH,—C} —ECHz—Clﬂh e | W

| C— CH,
CH,

Polyisabutyle

N
0 I
CH,

Polyvinyl pyrrolidone 3, 4-Polyisoprene

-+ CH,—CHY}- ~tCH,—CH{- ~ CH,—CH=CH—CH,};
él Polybutadiene
Polyvinyl chloride CH,—CH
Polystyrene _{. CH,—CH k _[— 2 [ ?’n_
(I: CHO
_{_ CH,—CCl, _}; Nﬁ \ NOH Polyacrolein
2
Polyvinylideneychloride Polyacrylamide oxime CH,
CO—CH
+ CH,—CHI- CH, *t %
| Polyacetaldehyde
CONH, 0700
Polyacrylamide n -f CH,—CH i;-
_{_ -]_ Polyacrylic anhydride ‘
CH,—CH COOCH,
y " _{' CHz—'(l: —=CH— CHz'}H Polymethy! acrylate
N
L Cl CN
Polyviny! pyridine Polychloroprene (Neoprene) o _(|:
2 l n
OOCCH2CH2CH3 CN Poly a-cyanomethacrylate
Polyvinyl butyrate Polyacrylonitrile _{_ CH,—CH _}n_
|
CH,—CH
T CH, | = {-CHZ—-CHZ-};—{-CHZ—(I?H—]F OCH;,

N Polyvinyl methyl ether
, CH,
Ethylene-propylene elastomer

Polyviny) carbazole
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T
—ECHz—lC—CHz—CH =$—‘CH3]F

CH3 CH3
Butyl rubber

CH;

|
—fCH,—CH,—CH,—C}-

coo®
Ethylene-methacrylic acid copolymers (lonomer)
CH;
I
fem—c,
COOCH,
Polymethyl methacrylate (PMMA)

- CH,—CH}-
!

CH,—CH(CH,);
Poly 4-methyl-1-pentene

—{cnz—(l:u-}E

COCH,
Polymethyl vinyl ketone

—[CHZ—-(ljn]F

OCOCH;

Polyvinyl acetate

—ECH;—(ITH«};

OH
Polyvinyl alcohol (PVA)

—[—CH;-—-?H—CH;-—|CH-};
cl OOCCH;

Polyvinyl chloride-co-vinyl acetate

H
é
CH,
AN

H n
trans 1,4-polybutadiene

CN

Acrylonitrile-butadiene-styrene terpolymer (ABS)

0
I

CH,
I

oA e~O)-o—r—
CH,

Poly 2,2-propane bis(4-peny! phenylphosphonate)

- -n

-{CHZ—(ljuqF
CH

CH,
1.2-Polybutadiene
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o-(cnz)—o-—c-ecm)_c

Polytetramethylene sebacate Potassium polymetaphosphate
’ ~ -
o) CH,

| —~cH—ci e
(CHy)5-C—NH ’ | |

. (0] 0]
Poly 11-undecanoamid (Nylon 11) ~
il
_ CHZ\ (CHp),CH, |
CH,— CH CH - -r

Polyvinyl butyral

(0] 6]
~
n D

Polyviny] formal Polythiazy!
0}

)
I |
CHZ@CHZ—O~C—CHZ—CHZ—S—CHZ~—CH2—C—O

Poly p-xylylene thiodipropionate

% C @ } fen-gi- CH?S}“

Poly 1,4-xylylenyl-2-methylpiperzine Styrene-acrylonitrile copolymer

Polymethylene bis 4-phenylurea

)
|
NH— c —NH—NH— C—NH
- n

Polymethylene bis 4-phenylurethylene
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(0]

«EO—CHZ—-CHZ}— I
o —{CHz—CHz—C—NH}

Polyethylene glycol n

Poly B-alanine (nylon 3)

0—CH,—CH 0
_E é,j; {(CHI);-PZ—NHE”:

Pol 1 lycol
olypropylene glyco Polycaprolactarn (Nylon 6)
0 H;C CH;,
| [
AEO——CH;—C} ~ECH2—-—C=C—CH2}
n n
Polyglycollic ester Poly 2,3-dimethylbutadiene

O—CH,—CH,—0— c@“ AECHZ—CHZ—SSSS-J—
n

Polyethylene tetrasulfide

Polyethylene terephthalate
CH,
) o) |
I I +si—cHg-
%NH—{CH;);NH—C—(CH;}A—C} | n
n CH3
Poly hexamethyleneadipamide (Nylon 6,6) Polydimethyl silmethylene

c HN—@ -@NH r O—CH,— CH,—O0

n
Polyethylene methylene bis(4-phenylcarbamate)

CH,

(0]
a || I S0;
—C O—CH,—CH,—0—-C
CH,

n n
Polyethylene N, N’-piperazinedicarboxylate Poly 3,5-dimethyl-1,4-phenylene sulphone
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(CHp)—COOCH,—C¢Hs ’ (CHZ)— COOH

|
NH—CH—CO —E NH— CH co—}

Poly a-L-glutamic acid
Poly y-benzyl-L-glutamate

CH3O OCH3 C=C—C=C
OH-O-r=c=s

Poly 3,3" dlmelhoxy 4,4’-biphenylene carbodiimide
Polydiethynylbenzene

0 0 CH—O
| I {_ | 3?
0—C @—O—CHZ)TO@C—O CHCI,

N Polydichloroacetaldehyde
Poly 1,3-bis p-carboxyphenoxypropane anhydride

O

|
—IE(CH;);O—C—NH—(CHZ}G-NH—

Polytetramethylene hexamethylenedicarbamate

o

Loy Hr%

Polyhexamethylene

' o CH;

“@" % {HCH&O c@“

Poly 2,5-dimethylpiperazine terephthalamide Polybutylene terephthalate

”
@—C o— CHz—O—CHZ—O —EO—CHZ}
n

n Polyoxymethylene
Polydihydroxy methylcyclohexyl terephthalate



376 Principles of Polymer Science

B i
_|:_NH—-(CH - NH— ?—c - —E(CH;)E—NH—C—NH}:
C.H, Polyhexamethylene urea

Polyhexamethylenedi-n-butylmalonamide

0 O O
Il
—ECH—(—CH +C—NH CH>—\IH~:]’» —ENH—(—CHz)ﬁNH——C—C}
n n
Polymethyleneadipamide (1,6 Nylon) Polydecamethyleneoxamide

II
«{O—HZCO—CHZ—O c@

Poly 1.4-cyclohexanedicarbinyl terephthalate

oo~ fo-i

Polyphenylene oxide

Polycarbonate
(6] (6] (0]
I | Il
«[—NH—QCHZ)ENH—C—(CHZ)-B—C% ABCHZ)I-BNH—C—NH%
n n
Polydecamethylenesebacamide (10,10 polyamide) Polydecamethylene urea

o
CH: )—N } { @o C—(CH;}—C

Poly 1,4-phenylene sebacate

n

Poly N,N". -hexamcthylene-2,5-d1kctop|perazme

ﬁ (o]

[l

NH'fCHzi._NH“OzS@fSOz} {O_@_O—C—('Cm %C
n

Polyhexamethylene m-bezenedisulfonamide Poly 1,4-phenylene adipate
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) o

—ENH-QCHZ-)S-NH—Q—QCHZ);Q}

Polyhexamethylenesebacamide (nylon 6,10)

0

c—< :>—o—c —0 I

(I:H O—CH;);0— c©_ ;|>
3

Poly 2,2-propanebis 4-phenyl carbonate Polytetramethylene isophthalate

A _i_c”z_

Gdron TP

CH,OH (|:H2 \N)\/ (I:HZ
H,C CH,0H NZ "N

— CHZ_T_J\NJ._I\IJ_CHZ_

OH CH,

Phenol-formaldehyde resins |
Melamine-formaldehyde resins

—HZC-—NH—;CO-——NH—CHZ——T—CO—NH—

T

—NH—CO—IT 0 co
CH, @

NH—CO—N—CH,— Poly m-pheny! carboxylate

n

T

Urea-formaldehyde resins

C: \C—0—CH,—CH—CH,—0—C" ‘C—O—-CH;—CiH—CHz—O

Il Il I |I I
o) 0 o 0 0 (o}

I | I n
—C c=0

©

Polyglyceryl phthalate
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Poly 2.2°-octamethylene-5,5'-dibenzimidazole

Polybenzobenzimidazole

iseNeuiv vy

Poly 2.2°-4,4" oxyphenylene-6,6"-oxydiquinoxaline

0] 0

CH2)9—- N N

0] (0]
n

Polynonamethylenepyromellitimide

NQC =N
|
N
H
n

Poly 2.2-m-phenylene-5,5'(6,6"-benzimidazole)

IZ—0

?m CH;
|

sl>i ?i—o

CH; CH;,

n

N
PN
CHp;-C ﬁ
N——N
n
Poly 3.5-octamethylene-4-amino-1,2 4-triazole
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ASTM Methods

ASTM

Type of test or method

c177
D 149
D 150
D 265
D 495
D 523
D 542
D 543

D 568
D 570

D 630
D 638

D 648

D 671

D 695

D 696
D 731
D 732

D 746

To measure the thermal conductivity of an insulating plastic
Measurement of dielectric strength of an insulating polymer material
Determination of dielectric constant and dissipation factor for a insulating
polymer material

To measure the relative susceptibility of a standard test thick polymer
specimen to pendulum type impact load (or Izod — Charpy impact test)
Estimation of arc resistance i.e. ability of plastic material to resist the
action of high voltage arc

To measure the surface relative shininess on a surface of plastic material
at a specified angle by using gloss meter

Measurement of refractive index of transparent plastic materials by Abbe
refractometer and microscopical methods

Evaluation of resistance offered by plastics to chemical agents when they
are immersed in the latter (immersion test)

To evaluate the flammability of flexible plastics

Determination of water absorption and hygroscopicity of plastic materials
by oven drying and TVI drying test

To evaluate the tflammability of semi tlexible or self supporting plastics
Tensile test for estimation of tensile elongation and tensile modulus for
semi-finished or finished plastic matenals

To monitor the short term effects of temperature on a polymer material
by determining heat deflection temperature (HDT)

To determine the resistance to deterioration of plastic specimen from
cyclic stress (or flexural fatigue test)

Determination of compressive properties (i.e. behavior of a plastic material
under applied compressive load) viz. modulus of elasticity, yield stress,
extent of deformation, compressive strain and strength and slender ratio
etc. of polymer plastic matertals

To measure the coefficient of linear thermal expansion of plastic material
Molding index of thermosetting resin molding powder by cup flow test
To determine the shear strength of a molded plastic or a cut from a
polymer sheet against an applied load

To measure the temperature at which plastics become rigid and brittle
(brittleness temperature)
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ASTM

Type of test or method

D 785
D 790

D 792
D 794
D 864
D 1003
D 1044
D 1238
D 1435

D 1499

D 1505
D 1525

D 1692
D 1693

D 1703
D 1712
D 1729
D 1822
D 1824
D 1895
D 1929
D 1939
(and D 2393)
D 2152
D 2236

D 2240

D 2290

Determination of Rockwell hardness of a polymer, plastic material

To estimate tlexural properties viz. flexural modulus or modulus of elasticity
of plastic materials

Determination of specific gravity of a plastic material (in the sheet, rod,
tube and moulded torms) and (in the form of moulding powder, flakes
and pellets)

To monitor the long term heat resistance of polymeric materials

To measure the coefficient of cubical thermal expansion of plastics

To measure the appearance of cloudiness (or haze) in the polymer when
the light is scattered from the bulk or surface of the specimen

To test the resistance of transparent plastic materials to abrasion

Melt index test for polymers

Evaluation of stability of plastic materials to out door exposures such as
climatic changes polluted environment and moisture variation in atmosphere
etc.

Determination of resistance offered by plastic materials when they are
exposed to radiation produced by carbon arc lamps

Determination of density of plastic materials by density gradient method
To monitor the short term effects of temperature on polymer material by
determining vicat softcning temperature

Measurement of flammability of cellular plastics in a horizontal position
Evaluating the widening of a brittle fracture made on the surface of
polyethylene sample in the presence of external crack sensitizing agents
such as detergents, lubricants, sunlight or oil etc. (environmental stress
cracking resistance test)

Measurement of apparent viscosity or melt index of polymer by capillary
rheometer

Sulfide staining test for measuring the resistance offered by plastics to
hydrogen sulfide

Matching or evaluation of color differences of plastic materials with
reference to a standard by using calorimeter, or spectrophotometer

To measure the tensile impact strength of a very thin or flexible polymer
specimen

Measurement of viscosity of concentrated polymer solutions, or polymer
melts by Brookfield viscometer based on rotational rheology
Determination of apparent (bulk) density. bulk factor and pourability of
plastic material

To determine the ignition temperature of a polymer material specimen
Estimation of resistance of plastics especially ABS plastics to

exposure to acetic acid by acetic acid immersion test

Estimation of resistance of polyvinyl chloride to acetone by acetone
immersion test

To monitor the short term effects on a polymer sample at elevated
temperatures by torsion pendulum test

To determine the resistance of a soft plastic material to permanent
deformation, indentation, or scratching by durometer (or Durometer
hardness)

Evaluation of resistance of plastics for the development of stains caused
by staining agents present in tood. cosmetic, detergents and pharmaceuticals
etc.



D 2471
D 2565
D 2583
D 2843

D 2857
D 3014

D 3123

D 3417

(and D 3418)
D 3593

E 162

G2t

G 22
GSs3
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Estimation of gel time and peak exothermic temperature of thermosetting
polymer resins

Determination of resistance offered by plastic material when they are
exposed to light produced by water cooled xenon arc

To determine the Barcol hardness of both reinforced or non-reinforced
rigid plastic materials

Measurement of density of smoke generated from burning plastics (smoke
burn test) ’

Determination of dilute solution viscosity of polymers

Comparison of relative extent, time of burning and loss of weight of rigid
cellular plastics (against a standard), in vertical position

Spiral flow of low pressure moulded thermosetting polymer resins
Studying of temperature induced phase changes in polymers,

degree of curing process and thermal degradation of polymers by differential
scanning calorimetry (DSC), thermogravimetry analysis (TGA) and
thermomechanical analysis (TMA)

Determinaton of molecular weight distribution (MWD) in polymers by
gel permeation chromatography (GPC)

To estimate the surface flammability of a plastic material by using a
radiant heat energy source

To estimate the resistance of plastic materials for fungi

To estimate the resistance of plastic materials to bacteria

Monitoring the deterioration or degradation of polymers by the effects
due to their exposure to fluorescent ultraviolet light and condensation



10"
1015
10"
10°
Io()

10°
10!

exa
peta
tera
giga
mega
kilo
hecto
deca

Appendix I

SI Prefixes

E 10718 atto

P 10713 femto
T 107" pico
G 1077 nano
M 107 micro
k 1073 milli
h 1072 centi
da 107! deci

o grEDwo e



Appendix J

Some Fundamental Physical Constants

Symbol Unit Value

Avogadro constant N, mol™! 6.0222 x 102
Boltzmann constant k JK! 1.3807 x 1073
Plank constant h Is 6.6262 x 107
Faraday constant F C mol™! 9.6485 x 10*
Gas constant R J mol™! K™! 8.3143

bar cm® mol™! K! 83.144

atm cm® mol™! K™! 82.057
Elementary charge e C 1.6022 x 107"°
Speed of light in vacuum  C, ms™ 2.998 x 108
Permittivity of vacuum &, Fm! 8.8542 x 10712
Permeability of vacuum Lo Hm! 4 ux107’
Nuclear magneton Un IT! 5.0509 x 107%




Appendix K

Physical Quantities and SI Units

Physical Unit Symbol Value in SI units
quantity

time minute min 60 seconds
length angstrom A 10 m = 0.1 nm
mass unified atomic mass unit U =ma ("2C)/12  1.6605 x 1077 kg
area barn b 107 m?

volume liter L 10 m?

current ampere |

energy electron volt eV 1.60218 x 107'° )
pressure bar bar 10° Pa

plane angle degree ° ‘ (7/180) rad
temperature celsius temperature °C (T/K) - 273.15




Appendix L

Important Derived SI Units of Physical
Quantities with their Symbols

Physical quantity Physical unit Unit

Name Symbol Name Symbol Derived Base
frequency v hertz Hz 57!

force F newton N Jm! m kg s~
energy/work/heat E joule J J N m

power P watt w Js! m™ kg s7?
pressure, stress P o pascal Pa N m m! kg s7?
electric charge Q coulomb C As

electric potential U volt \Y jc! m? kg s A
electric C farad F cv! m2kg' s* A’
capacitance !

resistance/ R ohm Q VA~ m2kgs? A
impedance

electric G siemens S Q' m2 kg s A?
conductance

electric L henry H VA~'s m’ kg s A”?
inductance

electric dipole u debye D 3335x103°  10® Frem
moment cm

magnetic flux B tesla T Vs m™ kg sZ A
density

magnetic flux 0 weber Wb Vs m?kg s2 A
luminous flux lumen tm cd sr

illuminance lux Ix Im m~2.

absorbed D gray Gy T kg™ m?s?
radiation dose

radiation dose sievert Sv Tkg!

equivalent

radioactivity A becqueral Bq 57!

dynamic viscosity 1 poise cP 1 mPas m kg s
kinematic viscosity v stokes St 1.10% m? 57!

heat capacity C, or Cv clausius  Cl 4.184 1K'




Appendix M

Other Units and Conversion

1A0A)=10"m

1 light year (1 ly) = 9.461 x 10"* m

1 astronomical unit (1 au) = 1.496 x 10'! m

1 inch (1 in) = 2.540 cm = 0.0254 m

1 foot (1 ft) = 30.48 cm = 0.3048 m

Land mile (1 mile) = 1609.344 m = 1.609 km

1 year (1y)=3.156 x 107 s

1 liter (11) = 1000 cm® = 107 m®

1 pound (1 1b) = 453.592 g = 0.453592 kg

1 calorie (1 cal) = 4.1868 J

1 electron volt (1 eV) = 1.60218 x 107*°J

1 horsepower (1 hp) = 745.7 W

1 atmosphere (1 atm) = 1.013 x 10° Pa=0.1013 M Pa
I mm of mercury (1 mm Hg) = 133.322 Pa = 0.000133 M Pa
degree celsius (1°C) = (T/K) - 273.15

degree fahrenheit (1 °F) = ((T/°C) x 9/5)

British thermal unit (1 BTU) = 1.05579 kJ

dyne (1 dyn)=1x 107N



Appendix N

Definition of the Basic Units

Ampere: The ampere is that constant current which. if maintained in two straight parallel
conductors of infinite length of negligible circular cross section and placed one meter
apart in a vacuum, would produce between these conductors a force equal to 2 x 107
newton/metre of length.

Candela: The candela is the luminous intensity in the perpendicular direction of a surface
of 1/600 000 square metre of a black body at the temperature of the freezing platinum
under a pressure of 101 325 newton per square metre.

Kelvin: The kelvin unit of thermodynamic temperature is the traction 1/273.16 of the
thermodymamic temperature of the triple point of water.

Kilogramme: The kilogramme is the unit of mass and is equal to the mass of the
international prototype of the kilogramme (kept in Sevres).:

Mass fraction: It is the mass of a given component divided by total mass of all the i,
components, i.é. m, = m/Y,; m;. Mass fraction is also called weight fraction, since same
gravity field is applied every time under normal conditions.

Metre: The metre is the length equal to 1650763.73 wavelengths in vacuum of the
radiation corresponding to the transition between the levels 2p,q and 5ds of the Krypton-
86 atom.

Mole: The mole is the amount of substance, which contains as many elementary units as
there are atoms in 0.012 kg of C'?. The elementary units must be specified and may be
an atom, a molecule, an ion, an electron, a photon etc. or a given group of such entities.

Mole Fraction: It is the number of moles, n; of a given component divided by total
number of moles of i component, i.e. x; = n,/X; n;. Mole i.e. unit representing the amount
of substance. The amount of substance equal to one mole is invariably equal to its
molecular weight. In other words mole is defined as weight of substance divided by its
molecular weight.

Radian: The angle subtended at the centre of a circle by an arc of the circle equal in
length to the radius of the circle.

Second: The second is the duration of 9 192 631 770 periods of the radiation corresponding
to the transition between the two hyperfine levels of the ground state of the cesium-133
atom.
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Steradian: The solid angle subtended at the centre of a sphere by an area on the surface
of the sphere equal in magnitude to the area of a square having sides equal in length to
the radius of the sphere.

Volume fraction: It is the volume of a given component divided by the sum of volumes
of all the i, components, i.e. ¢, = V,/X,V,. The volumes refer to the volume of components
before mixing.
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Abrasion, 147, 380
effect(s), 16
resistance, 16, 78, 211, 278
ABS
polymer(s), 95, 227, 228, 234
resin(s), 64, 72, 186
Acetate rayon(s), 9, 207, 212, 238
Acrolein, 73
Acrylamide(s), 71, 72, 299, 300
Acrylic acid(s), 47, 53, 54, 71, 210
Acrylic ester(s), 43
Acrylic
fiber(s), 71, 206, 208, 210, 212
polymer(s), 27, 86, 95, 210, 289
Acrylics, 9, 95, 204, 211, 289
Acrylonitrile, 11, 29, 37, 42, 48, 49, 54,
64, 70, 71, 344, 350, 356
Activator(s), 226
Active center(s}, 27
Addition polymer(s), 10, 26, 29, 49, 198
Addition polymerisation, 10, 26, 28, 41,
55, 81, 287
Additive(s), 23, 43, 86, 93, 106, 107, 215,
216, 220, 221, 223, 224
Adenine, 243, 244
Adhesive(s), 43, 49, 66, 67, 68, 203, 204,
215, 220, 276, 280, 289
Aggregate(s), 146, 261, 276, 281
Aggregation, 261, 276
AIBN, 28, 31, 39
Alkyd resin(s), 14, 15, 73, 82, 206
Alternating copolymer(s), 5, 24, 53, 141,
271
Amino acid(s); a, 241, 242
Amorphous
halo, 137
phase(s), 145
polymer(s), 96, 135, 136, 137, 143, 147,
151. 153, 155, 163, 213
Amylopectin, 238, 239

Amylose, 238, 239
Anionic polymerisation, 28, 29, 30, 31, 32,
33, 35, 36, 42, 82, 272, 296
Antioxidant(s), 23, 93, 197, 215, 216, 218.
221, 223, 224
Aramide(s), 15, 74, 361
ASTM, 87, 88, 98, 99, 100, 101, 102, 103,
104, 106, 107, 108, 379
Atactic, 5, 13, 21, 70. 85, 93, 124, 137,
149, 154
Auto-acceleration, 37, 114
Autoclave, 47, 247
Average molecular weight
concept, 110
number, 60, 110, 114, 117, 118, 120,
133, 305
viscosity, 110, 121, 122, 132, 306
weight, 110, 112, 117, 124, 133
Azeotropic
copolymer(s), 359
copolymerisation, 53
Azobisisobutyronitrile, 28, 31, 83

Batch recator, 46
Baekelund, L, 332, 333
Bakelite, 14, 15, 24, 75, 76, 350, 351
Bending, 89, 90
Biosynthesis, 241
Birefringence, 230
Bisphenol A, 11, 23, 61, 80, 83
Blending, 64, 71, 72, 209, 276, 281
Blend(s), 147, 161, 276, 282, 283
Block copolymer(s), 271, 272, 273, 274,
361
morphology, 273, 274
synthesis, 272, 273
Blowing agent(s), 225, 226
Bond(s)
covalent. 18, 19, 215, 217
double, 2, 26, 27, 47, 196, 246
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ionic, 18
single, 307
Bond angle, 22, 90, 164, 199
Bond energy, 47
Bond stability, 197
BPO, 28, 31
Branched polymers(s), S, 6, 7, 8, 9, 15, 21,
33, 61, 97, 123, 164, 165, 241, 288
Brownian motion, 152
Brittleness, 97, 264
Bulk polymerisation, 37, 43, 70, 114, 362
Buna N, 9, 72, 82
Buna S. 9
Butadiene, 9, 37, 48, 49, 53, 54, 63
Butyl lithium, 28, 70
Butyl rubber. 9. 62. 86, 89, 213, 214, 362

Calendering, 220, 222, 235
Capillary viscometer, 121
Caprolactam, ¢, 36, 55, 74, 83, 346
Carboxymethyl cellulose, 43, 188, 369
Carbon black, 104, 216, 217, 219, 276
Carbon fiber(s), 15, 190, 200, 286
Carbowax. 79
Carothers, W.H., 333, 334
Carother’s equation, 57
Casting, 45, 46, 70, 220, 221, 222, 223,
228, 255, 362
Catalysis, 14, 63
Catalyst(s), 26, 27, 30, 32, 33, 34, 42, 44,
57. 61. 62. 64, 66, 70, 76, 77, 81, 114,
136. 209, 210, 211, 221, 224, 356, 358
Cationic Polymerisation, 28, 29, 32, 42, 75,
81. 83, 350, 352
Ceiling temperature, 41, 47, 48, 82, 198,
200
Cellophane, 9, 223, 237, 238, 362, 368
Celluloid.9, 14, 15, 217, 368
Cellulose, 8,9, 19, 139, 188, 189, 200, 206,
207, 216, 236, 237, 238, 239, 290, 345
regenerated, 207
fiber(s), 15. 207, 236
Cellulose acetate, 88, 89, 188, 207, 229, 362
Cellulose nitrate, 14, 15, 86, 89, 166, 217,
362
Chain(s)
branched, 3, 6, 83, 107, 238
linear, 5, 6. 83. 107
orientation, 150
Chain flexibility, 136, 139, 163, 199
Chain folding. 264

Chain growth polymerisation, 26, 41
Chain modifier, 38
Chain scission, 158, 197
Chain transfer agent(s) 38, 39, 50, 362
Chain transfer constant(s) 38
Chain segment, 13, 139, 152,164, 165, 171
Characteristic ratio, 22
Chemical potential, 119, 175
Chitin, 240
Chlorinated rubber. 194
Chloroprene, 11, 63, 64, 82
Cis
configuration, 64
isomerism, 13
Chloroprene polymerisation, 64
Co-catalyst(s), 28, 33, 34
Coil
density, 259
perturbed, 182
unperturbed, 165, 181
Coefficient of expansion, 102, 103
Cold vulcanisation, 247, 248
Collagen, 113, 240, 368
Colloid(s), 15, 43, 44, 115, 127, 260, 261,
275, 277, 278, 279, 280, 281
Colorant(s), 23, 216, 219, 221, 224
Comb polymer(s), 265
Combinatorial entropy, 282
Comonomer(s), 50, 210
Composite(s), 107, 208, 215, 220, 283, 289
Compounding, 220, 362
Compression moulding, 219, 231, 233
Condensation polymerisation, 26, 27, 270
Conductor(s), 104, 264, 318, 319
Conformation
coilar, 20
helical, 20, 137, 141, 150
molecular, 241
Constitutional
repeat unit, 1, 8
isomer, 13, 25
Contour length, 20. 164, 165, 197
Copolymer(s), def, 5
alternating, 6, 53, 14
block, 6, 11, 21, 29, 32, 49, 82, 147,
191, 192, 272, 273, 274
graft, 6, 11, 21, 147
random, 6. 147
azeotropic, 53
free radical, 54, 55
Coupling agent. 362



Crazing, 107, 109, 359
Creep, 14, 72, 213, 362
Creeping, 360
Critical
solution temperature, 175, 200
stress, 108
Critical micelle concentration, 44
Cross-linking reaction, 191, 192, 193, 194,
195
Cross-links, examples, 191, 192, 193, 194,
195, 204, 205
CRU, 1, 263
Cryoscopy, 117, 128
Crystal structure, 141, 256
Crystalline polymer(s), S, 10, 15, 69, 86,
136, 137, 147, 152, 153, 154, 163, 200,
283, 286
Crystallinity, def, 10
degree of, 74, 107, 136, 137, 141, 153,
207, 237, 285, 345, 348
Crystallizability, 85, 136, 140
Crystallization, 136, 140, 142, 150, 155
Curing .
epoxy resin(s), 80, 81, 162
plastic(s)
rubber(s), 194, 195
thermosett(s), 195, 226
Cyanoacrylate, 71, 215
Cyclisation, 190, 191, 253
Cytosine, 243, 244

Decomposition, 23, 25, 28, 31, 39, 83, 152,
156, 158, 159, 161, 162, 210, 226
Deformation, 90, 91, 99, 163, 183, 184,

185, 212, 219, 259, 275, 355
elastic, 163, 183
permanent, 184, 275
viscoelastic, 185
De Gennes, Pierre, 317, 318, 319
Degradation
biological, 197
chemical. 160, 197, 215
enzymatic, 197
hydrolytic, 197
photo, 197
thermal, 156, 161, 162, 197
ultrasonic, 196
Degree of polymerisation, 1, 21, 38, 41,
43,57,61,111, 114,177, 199, 206, 276,
303. 307
Denaturation, 242
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Density, 61, 78, 86, 89, 93, 122, 127, 136,
138, 139, 144, 151, 163, 167, 211, 225,
226, 259, 273

Deoxyribose, 243, 245

Depolymerisation, 196

Dextran, 239, 368

Dextrin, 238, 368

Diblock copolymer(s), 11

Die, 220, 221, 222, 223, 224

Die casting, 220, 221

Dielectric, 42, 103, 104, 105, 151, 255

Dielectric constant, 66, 104, 105, 106, 228,
262

Differential scanning calorimetry, 308

Diffraction pattern, 137, 149, 150, 151

Diffusion
coefficient, 131
in solution(s), 162

Diisocyanate, 55, 78, 83

Dilatometer, 103

Dilatometry, 103, 137, 363

Dimension(s)
coil, 164, 165, 166, 180, 198
linear polymers, 165, 227, 288
unperturbed, 22, 165, 180, 181

Diol, 55, 78, 285

Dispersity, 113, 129

Disproportionation, 30, 31, 41, 360

Dissipation factor, 104, 105

Distribution function, 60

Disymmertry, 126

Divinyl benzene, 11, 27, 64

DMA, 276

DNA, 8, 150, 243, 244, 245, 246

Dopant(s), 104, 262, 263

Double helix, 244, 245

DP, 1, 28, 38, 39, 40, 42, 57, 58, 59

Drawing, 136, 187

Draining, 66, 178

Droplet, monomer, 44, 83

Dry spinning, 229

DSC. 153, 154. 155, 156. 157, 159. 160.
162,308 |

DTA, 153, 156, 159, 160, 161, 162

Dynamic
light scattering, 133, 278
osmometry, 120, 348

Ebulliometry, 117
Elasticity, 10, 20, 23, 64, 183, 184, 185.
206. 208. 212, 214, 247
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Elastic modulus, 199, 212’
Elastomer(s), 212, 213, 214, 363
thermoplastic, 5, 15, 49, 273, 296, 281,
283
properties. 8, 62, 64, 66, 137
resistance, 104
Elongation, 183, 184, 186, 204, 205, 208,
212,213
at yield, 186, 187
at break, 186, 187, 204. 206, 214
Emulsion. 44, 45, 65, 69, 261, 277
Emulsion polymerisation, 27, 28, 44, 45,
64, 66, 67, 82, 215, 277, 338
End group analysis, 117, 345, 348, 363
End to end distance. def, 22, 165. 363
unperturbed, 22, 165
Engineering plastic(s), 17, 75. 80
Entanglement, 123, 135, 283
Enthalpy of polymerisation, 47, 158, 197
Entropy
combinatorial. 282
configurational, 171, 280
polymerisation, 47
Enzyme immobilization, 255
Epoxy resin(s)
curing, 21, 80. 81
synthesis, 81, 297
Ethyl cellulose, 99, 188
Ethylene
monomer, 2, 11,37,47, 48, 49, 53, 61, 63
polymerisation, 2, 14, 61, 62, 136
Ethylene glycol, 2, 3, 11, 15, 56, 61, 72,
196. 209
Ethylene imine, 210
Exchange reaction, 269
Expansion coefficient, 102, 103
Expansion factor, 165, 166, 178, 306
Extenders, 69, 363
Extrusion, 62, 63, 72, 219, 227, 228, 231,
234, 255

Fiber(s). 206, 363
spinning, 229, 230
synthetic, 206, 208, 211

Filler(s), 23, 106, 107, 108, 216, 221, 225,
276, 283, 287, 363

Fineman-Ross method, 51, 52

Flame retardant(s), 15. 16, 24, 215, 216,
218, 363

Flexibility, 49, 61, 72. 77, 135, 139, 140,
152. 163. 199, 216, 217. 257

Flexural strength, 87, 363
Floor temperature, 82
Flory, PJ., 314, 315, 316
Flory-Huggins interaction parameter, 171,
173 v
Flory-Huggins theory, 171, 172, 173, 199,
363
Flow behaviour, 112, 183, 184
Foaming agent, 225
Foam(s), 62, 78, 215, 226, 252
Formaldehyde, 14, 75, 76, 77, 205
Forces
dipole-dipole, 18, 139
intermolecular, 18, 139, 217
ionic, 18
valence, 9, 18, 19, 139
vander waal’s, 18, 19, 139
Fractionation
by elution, 115
by precipitation, 115, 128
Fracture, 147, 150, 380
Free radical
initiator, 28, 49
polymer, 136, 287
polymerisation, 28, 31, 41, 54, 64, 68,
70, 80, 82, 83, 136
Free rotation, 237
Free volume, 270
Freely jointed chain, 20, 22, 171, 199
Freely rotating chain, 22
Friction, 64, 66, 178, 215, 230
Frictional coefficient, 289
Fringed micelle, 135, 200, 363
Functional polymer, 286
Functionality, 2, 4, 24, 26, 61, 72, 82, 83
Fusion, 160

Gel effect, 37, 363

Gel filtration, 115

Gel permeation chromatography, 115, 128

Gel point, 363

Gelation, 288

Gelatin, 8, 291

Generic name, 73, 95, 261

Geometric isomerism, 1113, 21, 25

Gibbs energy, 166, 170, 214, 282

Glass fiber(s), 74, 228

Glass transition temperature, 137, 151, 153,
154, 155. 160, 162, 203, 210, 213, 249,
253, 261, 364

GPC, 115,116, 117, 340, 345, 349, 364, 381



Graft copolymer, 21, 24, 123, 147, 278, 282,
287, 364
Gutta percha, 7, 8, 14, 20, 246, 364

Hard
fiber, 230
rubber(s), 7, 24, 5, 337
Hardening, 214, 224, 229, 246 4
Hardness, 10, 72, 88, 138, 200, 217, 228
Head-to-head, 11, 21, 339, 359
head-to-tail, 11, 21
Heat capacity, 151, 161
Heat deflection temperature, 98
Heat distortion temperature, 205
Heat stabilizer, 216
Heeger, A.J, 319, 320, 323, 324
Helix
o, 214
double, 244, 245
Hemoglobin, 241
Heparin, 230, 240, 291
Hetero-chain polymers, 5
Hevea braziliaensis, 247, 364
Hexamethylene diamine, 11, 73, 79, 83
High performance plastics, 228
History of polymers, 14
Homochain, §, 7
Homologous, 140
Homopolymer(s), 5, 24, 49, 53, 61, 62, 82,
85, 141, 155, 265
Hooke’s equation, 183
Huggin’s equation,123
Hydrodynamics, 181
Hydrogen bonding, 18, 19, 87, 136, 138,
139, 167, 207, 208, 237
Hydrogenation, 191, 192

Ideal polymerisation, 53
Identification of
polymer(s), 85, 87, 88, 90, 95
monomer(s), 90, 95
Immobilization, 255
Impact strength, 71, 138, 205, 206, 222,
228, 282, 380
Industrial scenario, 16
Industrial polymers, 203
Industrial polymerisation, 45
Inherent viscosity, 122
Inhibitor(s), 60, 295, 296, 364
Initiator(s)
anionic, 24, 28
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cationic, 24, 28
decomposition rate, 39
efficiency, 39
free radical, 28, 39, 51
redox, 28
Injection blow moulding, 219, 232, 364
Insertion polymerisation, 34
Insulator(s), 104, 105, 106, 161, 208, 262,
285
Integral distribution curve(s), 129
Interfacial polycondensation, 56, 82, 364
Interpenetrating network, 283, 284, 285, 364
Intrinsic viscosity, 122, 123,131, 177, 178,
179, 180, 181, 182, 199, 364
Ion exchange resin, 190
Ionomer(s), 10, 49, 261, 262, 269. 364
Isomer
constitutional, 13, 25
geometric, 11, 13, 21, 25
Isoprene, 37, 62, 63, 212, 213, 214, 246,
247
Isotactic, 5, 13, 29, 30, 31, 32, 62, 71, 83,
85, 93, 94, 364
IUPAC, 11, 24

Kevlar, 15, 73, 336

Kinetic chain length, 41, 83, 365
Kraemer, 122, 123

Kwolek, S, 329, 330

Lactam, 34, 72

Ladder polymer, 9, 24, 152, 190, 285, 286

Lamellar, 135, 142, 143, 273, 274

Laminating, 80

Latex, 6, 14, 44, 45, 65, 67, 213, 215, 247,
280, 282, 284, 365

LDPE, 6, 10, 15, 17, 60, 61, 86, 136, 140,
168, 205, 227, 369

Leather, 70, 257

Leaving group, 291

Lewis acid(s), 28, 32, 36, 55

Lewis-Mayo method, 51

Light scattering, 115, 124, 125, 126, 128
angular dependence, 125

Light transmission, 146

Lignin, 283, 365

Linear chain, 6, 7, 21, 22, 62, 91, 107, 141,
158

Linear low density polyethylene, 11, 136,
369

Liquid crystalline polymer(s), 15, 286, 287
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Liquid polymers, 345

Living polymer(s), 29

Living polymerisation, 30, 83

Long range order, 152

Lubricant(s), 109, 177, 215, 240, 249, 252,
380

MacDiarmid. A.G. 322, 323

Macroanion, 29

Macrocation, 32, 42

Macromoleule, 2, 7, 8, 14, 15, 19, 20, 21,
47, 145, 166, 182, 236, 237, 241, 243,
249, 259, 289, 290

Mark-Houwink equation, 112, 123, 132,
179, 365

Mark-Houwink-Sakurada equation, 123, 182

Mark H.F, 325, 326, 327, 328, 329

Mass fraction, 131, 144

Mayo equation, 38

Mechanical
property, 7, 59, 74. 87, 99, 107, 137,

138, 142, 145, 146, 151, 183, 203,
209, 225. 228, 252, 265. 266, 282

behaviour, 274

Melamine-formaldehyde resin, 77, 78, 82,
97. 205, 215

Melamine resin(s), 14, 15, 24, 77, 106

Melt, 5, 27, 56. 57, 138, 141, 143, 144,
152, 154, 209

Melt spinning, 211, 230, 365

Melt viscosity, 59, 138, 177,203, 211, 219,
261, 365

Melting temperature, 86, 99, 151, 155, 164,
302, 308

Membrane osmometry, 118, 119, 182, 199

Merrifield, B, 316, 317

Merrified synthesis, 242, 291

Methyl methacrylate, 37, 48, 53, 54, 70,
95. 199, 256, 301, 369

Methyl styrene, 24, 48, 54

Micelle(s), 44, 45, 83, 252, 273, 275, 276,
288

Microscope
electron, 146. 147
polarising, 142

Mobile phase, 95

Mobility
segmental, 188, 204

Model
Hooke’s, 184, 185
Maxwell, 185

Newton, 185
Modifier, 38, 42, 44
Modulus of elasticity, 10, 184, 199. 212
Molecular architecture, 266, 268, 271
Molecular weight, 1, 3, 14, 21, 27, 34, 35,
38, 41, 43, 45, 50, 54, 59, 60, 61, 85,
97, 109, 110, 111, 112, 113. 114, 115.
116,117, 118, 119, 120, 121, 128, 131,
132, 135, 137, 138, 139, 203, 210, 239,
249, 252, 256, 259, 264, 270, 274, 276,
281, 285, 286, 288, 290
Molecular weight distribution, 35, 47, 50,
85, 109, 110, 113, 114
Molecular weight average, 110, 112, 113,
117, 120, 131, 180
Monodisperse, 5, 110, 241, 337, 344, 345
Monomer, def, 1, 365
Monomeric unit, 5, 237, 239
Monomer feed ratio, 51
Mould, 216, 219, 220, 222, 224, 227, 228
Moulding
Blow, 219, 224, 233
Compression, 231
Extrusion, 234
Injection, 64, 232
transfer, 232
Multimer, def, 193
Myoglobin, 241

Name(s)
generic, 73, 95, 261
IUPAC, 11, 24
trivial, 11, 77
Natta, Guilio, 15, 24, 33, 312, 313
Natural
fiber(s), 9, 147, 206, 207, 208, 220, 228,
230
resin, 9, 206
rubber, 6, 8, 14, 15, 20, 64, 137, 140,
143, 166, 191, 194, 212, 213, 246,
247, 248, 337, 344, 348
Neoprene, 14, 15, 24, 213, 214
Network
interpenetrating, 283, 284, 285, 365
Newton’s law, 184
Newtonian viscosity, 183, 184
Nitrile rubber, 86, 214, 282
Nitrocellulose, 188
NMR, 88. 93, 94
Nobel prize, 310, 312, 313, 314, 316. 319,
329



Non-solvent, 180, 181, 182, 229

Novolac, 76, 82, 365

Nuclear magnetic resonance, 88, 93, 94

Nucleic acid, 8, 14, 243, 259, 289

Number average, def., 110

Number fraction, 60, 110, 111

Nylon, 10, 14, 15, 16, 17, 18, 19, 20, 21,
24, 25, 30, 36, 55, 73, 81, 86, 87, 88,
89, 97, 100, 124, 134, 136, 139, 140,
154, 167, 184, 200, 206, 209, 210, 212,
216, 220, 227, 336, 340, 343

Nylon salt, 73

Olefin(s), polymer, 2, 32, 46, 67

Oligomer, 55, 361

Optical properties, 146, 225, 264

Orthorhombic, 141, 274

Osmometry, 118, 119, 121, 182, 199, 340,
343, 348, 350

Osmotic pressure, 117, 118, 120, 132, 173,
174, 182

Ostwald viscometer, 121

Palit, S.R., 331, 332
PAN, 15, 25, 71, 158, 292, 341, 352, 369
Paper, 19, 23, 66, 216, 219, 220, 227, 236,
237
Pearl polymerisation, 43
Pectin, 241
Peptide likage, 241
Perturbed coil, 182
PET, 15, 72, 87, 88, 167, 211, 352, 269
Phase separation, 168, 170, 174
Phenol-formaldehyde resin, 14, 75, 76, 97,
158, 162, 176, 205, 219, 227, 369
Phenolic resin(s), 17, 68, 76, 206, 215, 223,
227, 302
Photo initiators, 39
Photo polymerisation, 83
Pigment(s), 108, 215, 216, 219, 283, 287
Plasticity, 17
Plasticization, 14, 15§, 200, 335, 341, 354,
359
Plastic(s), def, 204
compounding, 220, 341
disposal, 220
foamed, 225, 226
processing, 220, 224
reinforced, 73, 220, 222, 228
PMMA, 24. 86, 87, 88, 93, 94, 121, 167,
183, 199, 205, 215, 289, 369
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" Polyacetylene, 262, 263, 264

Polyacrylic acid, 10, 11, 29, 140, 183, 189,
259, 260
Polyacrylonitrile, 24, 29, 43, 71, 152, 154,
166, 190, 191, 205, 210, 212, 286, 289,
292, 335
Polyaddition, 47, 57
Polyamic acid, 75
Polyamide(s)
aromatic, 74, 197, 286
fiber(s), 209, 211
Polyanion, 290, 291
Polyacrylate, 70, 204, 21
Polyblend(s), 16, 63, 220, 281, 282
Polybutadiene, 9, 11, 16, 17, 29, 49, 63,
64, 89, 139, 151, 154, 274, 276, 281,
282
Polycarbonate, 15, 24, 27, 30, 80, 86, 89,
96, 102, 156, 197, 228, 234, 282
Polychloroprene, 9
Polycondensation
degree of, 54, 55, 57
kinetics, 56
interfacial, 56, 82, 364
molecular weight distribution, 58
Polycyanoacrylate, 355
Polydimethyl siloxane, 121, 154
Polydisperse, 5, 110, 114, 115, 119, 131,
163
Polydispersity, 82, 114, 272, 274
Polyelectrolyte, 10, 176, 188, 199, 259, 260,
261, 278, 366
Polyester
fiber, 16, 17, 18, 30, 209, 211, 212
unsaturated, 9, 15, 73, 196, 205, 206,
215, 223, 226
Polyetheretherketone, 15, 81
Polyethylene
branching, 20, 139, 241
crystal structure, 21, 139, 141
high density, 6, 61, 86, 136
low density, 6, 61, 86, 136
linear low density, 10, 136, 364
Polyethylene oxide, 12, 3§, 79, 86, 116,
124, 197, 199, 264, 266, 268
Polyethylene terephthalate, 24, 72, 82, 209,
220, 284
Polyformaldehyde, 36, 75
Polyimide, 74, 83
Polyisobutylene, 29, 62, 83, 136, 151, 166,
186, 197, 204, 337
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Polylactic acid, 290
Polymer blend(s), 147, 161, 162, 283
Polymer composite(s), 15, 283
Polymer crystal(s), 141, 149, 150
Polymer(s)
branched, 5, 6, 7, 8, 9, 15, 21, 33, 61,
97, 123, 164, 165, 335, 350, 358
constitution, 1, 9, 113, 158
cross-linking, 4, 5, 6, 8, 27, 68, 79, 85,
86,97, 191, 192, 193, 194, 195, 204,
205, 215, 252, 255, 268. 281, 283,
284, 285, 288, 291, 335, 342
crystalline, 10, 39, 86, 136, 137, 147,
152, 153. 154, 163, 200, 256, 283,
286, 362
deformation(s), 91, 99, 163. 183, 184,
185
dimension(s), 22, 145, 164, 165, 166,
177, 180
functionality, 2, 4, 24, 60, 72, 82, 196
history, 14, 15
hydrodynamics, 181
inorganic, 5, 7, 8, 24, 82, 249, 251, 252,
255
nomenciature, 10
size, 22. 141, 145, 164, 165, 176, 178,
279, 280
solid state property, 4, 10, 82, 200
solution(s), 16, 21, 86, 112, 115, 119,
120, 121, 122, 124, 125, 127, 138,
162, 163, 164, 165, 171, 172, 173,
175, 176, 177, 178, 182, 184, 229,
260, 264, 275, 279
solution viscosity, 110, 121, 128, 163,
176, 177, 179, 229
swelling, 97, 107, 162, 163, 167, 180,
346, 353
water soluble, 8, 10, 15, 68
Polymeric sulfur, 8, 249, 250
Polymerisation
anionic, 26, 28, 33, 36, 82, 211, 272
cationic, 26, 28, 32, 42, 73, 82, 83, 362
degree of, 1, 21, 3, 8, 41, 43, 57, 61,
111, 114, 177, 199, 206, 270, 347
free radical, 28, 31, 41, 54, 64, 68, 70,
80, 82, 83, 114, 136, 222, 344, 345
industrial, 45
kinetics, 16, 36, 39, 40, 41, 42
propagation, 26, 30, 31, 32, 33, 34, 35,
37, 38, 49, 50, 54
rate(s), 36, 39, 40, 42

termination, anionic, 26, 32. 349
termination, cationic, 26, 32, 349
Ziegler-Natta, 14, 30, 35, 82
Polymerisation enthalpy, 47, 158, 197
Polymerisation entropy, 47, 171
Polymerisation free energy, 47, 168, 169
Polymerisation reactor(s), 45, 46, 211
Polymerisation temperature, 47, 256
Polymerisation technique(s)
bulk, 37, 43, 70
emulsion, 27, 28, 44, 45, 64, 66, 67, 82,
338,363
industrial, 45
solution, 27, 43, 70, 82, 366
suspension, 27, 43, 70, 82, 366
Polymethyl methacrylate
synthesis, 70, 301
nmr, 94
Polyoxyethylene, 81, 290, 342
Poly p-phenylene, 263, 272
Polypeptide, 21, 24, 207, 208, 241, 242,
366
Poly p-phenylene vinylene, 79, 271, 272
Polypropylene
nmr, 93, 94
tacticity, 34, 154
Polysaccharide(s), 8, 14, 20, 21, 236, 237,
238, 239, 280, 288, 342, 346, 349, 352
Polystyrene, 29, 49, 62, 64
Polysulfide, 9, 82, 214, 223
Polytetrafluoroethylene, 9, 14, 27, 66, 86,
95, 140, 158, 220, 269, 289, 368
Polyurethane(s),
elsatomer(s), 213
foam(s), 76, 226
synthesis, 78
Polyvinyl acetate, 9, 24, 29, 67, 83, 86, 92,
124, 154, 168, 188, 190, 204, 302
Polyvinyl alcohol, 9, 11, 13, 24, 29, 43, 67,
86, 92, 154, 188, 190, 200, 204, 302,
338
Polyvinyl butyral, 24, 67, 190, 204
Polyvinyl chloride, 1, 9, 11, 16, 19, 21, 29,
49, 64, 65, 91, 96, 102, 124, 136, 151,
152, 154, 156, 158, 161, 197, 204, 227,
369
Polyvinyl crown ether, 8, 258
Polyvinyl fluoride, 65, 95, 205
Polyvinyl pyrrolidone, 9, 29, 68, 86, 124,
290
Polyvinylidene chloride, 64, 140, 350



Polyvinylidene fluoride, 66, 102
Precipitation polymerisation, 43, 83
Prepolymer(s), 73, 81, 196
Process technique(s)
blow moulding, 219, 231, 233, 234
calendering, 219, 221, 222, 235
compression moulding, 219, 231
die casting, 221, 222 ’
extrusion moulding, 231, 234
fiber spinning, 209, 211, 229, 230
foaming, 225
injection moulding, 219, 228, 231, 232,
364
thermoforming, 224, 225, 227
vacuum forming, 224

Q-e scheme, 52, 53, 82
Quasi elastic light scattering, 344

Radius of gyration, 22, 125, 164, 178, 198,
366
Random coil, 164
Random copolymet, b, S5, 24, 123, 141,
366
Rayleigh ratio, 125, 127
Rayon, 9, 206, 207, 212, 227, 229, 366
Reactivity ratio, 50, 51, 53, 54, 61, 82, 343,
349
Reactor(s), 45, 46
Reclaimed, 231
Recombination, 270
Recyclic, 23
Redox system(s), 28, 31, 44, 64, 82
Reduced viscosity, 122, 179, 180
Refractive index increment, 125, 133
Regenerated fiber
cellulose, 5, 207, 237, 238
Reinforced plastic(s), 73, 220, 222, 228
Relative viscosity, 122, 132
Repeat(ing) unit, 1, 9, 10, 24, 60, 82, 89,
90, 91, 107, 161, 198, 199, 237, 240,
249, 259, 264, 265, 266
Resin(s)
polymeric, 77, 228
epoxy, 9, 21, 24, 30, 80, 81, 89, 97, 162,
205, 206, 285
Retention volume, 95, 116
Rheology, 183, 201
Ribonucleic acid, 243, 246
Ribose, 243
Rigidity, 16, 222, 247, 256, 265, 285

Index 399

s

“ Ring opening polymerisation, 34, 36, 37,
79, 82
RNA, 8, 243, 246, 289
Rod(s), 99, 126, 140, 143, 182, 270, 222, 286
Rubber
Buna N, 9, 72, 82, 344
Buna §, 9
butyl, 9, 62, 213, 214, 345, 350, 352
chlorinated, 194
cold, 64, 247, 248
natural, 6, 8, 14, 15, 20, 64, 86, 89, 124,
137, 140, 143, 166, 191, 212, 213,
246, 247, 248, 282, 337, 341
nitrile, 86, 214, 282
processing, 193
properties, 137, 213
silicone, 9, 214, 289
styrene-butadiene(SBR), 9, 16, 21, 49,
82, 86, 88, 124, 140, 214, 370
synthetic, 9, 63
types, 9, 13
vulcanisation, 7, 14, 15, 193, 194, 200,
213, 214, 247, 248, 281, 367
Rubber elasticity, 20, 23, 64, 212, 213

Saran, 24, 49, 368
Scaling concepts, 318
Scattering methods, 124, 125, 126
Second virial coefficient, 120, 125, 126, 133,
173, 174, 182, 198
Sedimentation
coefficient, 127, 128
equilibrium, 112, 127, 128
rate, 127
velocity, 127, 350
Semi-synthetic
fiber(s), 207
polymer, 9
Shear modulus, 99, 100
Shear rate, 177, 185
Shear stress, 185
Shear thinning, 184
Shear thickening, 184
Shellac, 24, 206, 366
Shirakawa, H, 321, 322
Silicon, 7, 9, 24, 81, 206, 215, 223, 228,
251, 252, 289
Silk fiber, 9, 206, 208
Size exclusion chromatography, 115, 128
Solubility parameter, 86, 87, 133, 167, 199,
216, 336, 343
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Solution(s)
association, 341
concentrated, 142, 165, 184, 229, 286
Flory theory, 171, 172, 173, 174
viscosity, 110, 121, 128, 163, 176, 177,

179, 200

Solution temperature, 17§, 200

Solvent
good, 86, 120, 133, 165, 166, 179, 180,

181, 199, 276, 278, 280, 342, 343

poor, 120, 166, 180, 181, 182, 199, 278
non, 115, 180, 181, 182, 229

Spandex fiber, 15, 273, 360, 366

Specialty polymer(s), 259

Specific viscosity, 122, 178

Sphere(s), 126, 143, 171, 182, 222, 273,
286

Spherulite(s), 135, 141, 142, 143, 144, 343,
349, 366

Spinning, 209, 211, 229, 255

Spiro polymer(s), 285, 286

Stablizer(s), 43, 107, 209, 215, 216, 217.
223, 276, 282, 288

Star polymer. 8. 15, 350

Starch, 8, 9, 19, 200, 215, 236, 238, 239,
344, 345, 249

Statistical thermodynamics, 170

Staudinger. H, 2, 14, 24, 310, 311

Steady state, 40, 42, 50, 100

Step growth polymerisation, 26, 47

Stereo isomerism, 13, 348

Stereo regularity, 29, 34, 337

Stereo regular polymer(s), 15, 140, 353

Steric factor, 339

Steric hindrance, 152

Steric parameter, 22

Stoke’s law, 128

Strain, 48, 107, 183, 184, 185, 186, 187,
200. 355

Strength, 10, 16, 17, 20, 23, 62, 70, 71, 72,
87, 88, 104, 108, 135, 136, 137, 138,
139, 186, 187, 205, 207, 208, 211, 212,
214,216, 221, 227, 228, 246, 265, 281,
283, 379

Stress
cracking, 62, 107, 108, 109
crazing, 360
critical, 108, 109

Stress-strain curve(s), 184. 186, 187, 200

Stretching, 89, 90, 91, 109, 136, 137, 207,
210, 213. 225, 230

Styrene-butadiene, 11,49, 82, 140, 191, 213,
214, 274, 370

Styrene copolymer, 11, 72, 140, 190, 191,
200, 228

Substitution, 158, 253, 254

Surface
resistivity, 104
tension, 221, 252

Surfactant(s), 43, 44, 45, 252, 273, 276,
277, 280, 288, 338, 342

Suspension, 27, 223, 261, 277

Suspension polymerisation, 27, 43. 44, 45,
82, 366

Svedberg equation, 128, 348, 359

Swelling, 97, 107, 162, 163, 167, 180, 207,
213,214

Syndiotactic, 5, 13, 21, 25, 29, 32, 34, 70,
137, 246, 366

Synthetic
fiber(s), 9, 147, 206, 208, 209, 210, 211,

212, 228

rubber(s), 9, 63

Tacticity, 11, 21, 174, 366
Technology
plastic, 235
rubber, 202
Teflon, 9, 14, 15, 21, 24, 86, 89, 197, 204,
339, 341, 344, 349, 368
Tensile strength, 10, 23, 61, 69, 87, 136,
138, 212, 213, 214, 228, 246, 367
Termination
by chain transfer, 31, 37
by coupling, 30, 31, 40, 41
by disproportionation, 30, 31, 41
in anionic polymerisation, 26, 32
in cationic polymerisation, 26, 32
in coordination polymerisation, 33, 82
in free radical polymerisation, 28, 30,
31, 39
Terylene, 10, 15, 24, 26, 30, 59, 72, 154,
336, 344, 345
Testing of polymer(s)
chemical, 86, 106
electrical, 103
physical, 86
thermal, 97
Thermodynamics
of polymerisation, 47, 82
solution, 168, 169, 170, 171, 173, 200
statisical, 170



Thermoforming, 224, 225
Thermogravimetry, 157, 367
Thermoplastic elastomer(s), 15, 49, 273,
276, 281, 283
Thermoplastics, def,
Thermosett resin(s), §, 17, 228, 379
Thermosett(s), 5, 86, 88, 97, 367
Theta solvent(s), 121, 165, 179, 1807 367
THF, 124, 199, 255
Thickener(s), 68
Thiokol
resin, 15
rubber, 14, 79, 82, 213, 214
Thixotropy, 199, 223
Toughness, 10, 16, 72, 80, 88, 200, 208,
226, 282
Tracking, 106
Trans,, 14, 20, 34, 63, 140, 246
configuration, 6, 14
isomerism, 14, 292
Triblock copolymer; 11, 274, 276

Ubbelohde viscometer, 121, 122
Utracentrifugation, 127, 367
Ultracentrifuge, 127, 128
Unit
constitutional, 9
monomer, 5, 14, 164, 224, 237, 239
repeat(ing), 1, 9, 10, 24, 60, 82, 89, 90,
91, 107, :161, 198, 199, 237, 238,
240, 249, 259, 264, 265, 266
Unperturbed dimension, 22, 165, 180, 181
Unsaturated polyester, 9, 15, 196, 205, 206,
215, 223, 226
Upper critical solution temperature, 175
Urea-formaldehyde resin, 14, 17,77, 97, 205
Uracil, 243
Urethane(s), 222, 284
UV absorbers, 217
UV spectroscopy, 88, 93

Valence force(s), 9, 18, 19, 139

Vegetable fiber, 207

Vinyl acetate, 43, 48, 49, 53, 54, 67, 70, 210

Vinyl chloride, 1, 23, 43, 49, 54, 64, 65,
83, 217

. Index 401
Viny! fluoride, 66
Vinyl pyridine, 53, 217, 285
Vinyl pyrrolidone, 37, 69, 72
Vinylidene chloride, 49, 65
Vinyon, 49, 54
Virial coefficient
light scattering, 125, 126
osmometry, 120, 173, 174, 182
Viscoelastic liquid, 186, 275
Viscometer(s)
Viscosity, 121, 122
concentration dependence, 179, 180, 181
Newtonian, 183, 184
reduced, 122, 179, 180, 260
relative, 122, 131
specific, 122, 178
Viscosity average molecular weight, 110,
121, 122, 132, 180
Viscosity-Molecular weight relationship,
176-182
Volume, def, 145
elution, 116
fraction, 167, 174, 178, 283, 388
Vulcanisation, 7, 14, 15, 193, 194, 195, 200,
213, 214, 247, 248, 281, 367
Vulcanised rubber, 19, 89, 213, 214, 247

Wet spinning, 229, 367
Wool fiber, 9, 207, 208

X-ray diffraction, 135, 137, 147, 148, 149,
150, 230, 245
X-ray scattering, 150

Yield
point, 108, 186, 187, 367
strength, 186
stress, 187, 379

Young modulus, 249, 261

Ziegler-Natta catalyst(s), 33, 34, 136, 211,
367

Zimm method, 126

Zimm plot, 127, 367

Z-average, 367

Zinc oxide, 247
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Principles of Polymer Science deals with several aspects covering
synthesis, characterization, behavior and processing of polymers from
anintroductory level to a bit advanced coverage. A discussion on natural,
inorganic and speciality polymers has been made in separate chapters.
Additional and useful supplementary material such as common
laboratory experiments, multiple choice and conceptual based
questions with answers, brief sketches of polymer pioneers and a
glossary of technical polymer words has been appended. It covers
all aspects of polymer science in great depth familiarizing readers to
the fascinating world of polymers.

The main features are:
* Neatand simplified illustrations and understandable tables

* Several problems including numerical problems, multiple choice
and concept based problems with their answers

* Laboratory experiments on synthesis of common polymers and
their identification and characterization

» Glossary

This book is written for undergraduate and graduate students in
chemistry, chemical engineering and material science, along with
chemists and chemical engineers working in industries who often desire
a ready reference book.
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