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contans the sample solution while lower part contains the solvent. The two paris are separated by memns
of a semi-permeable membrane, The movement of an air bubble inside the capillary indicates the solven
]|ﬂ§'.lll_'|hi-'l|!|ulifm. Such movement of the air bubble s detected h";' a photocell. The servo mechanism
15 used 1o move the solvent reservoir in the upward or downward dicection and also o adpust the hydrostni
ph::r_r..;num such that the solvent Mow s willy stopped, The pressure head of the reservoir gives the osmatic
head. [ ;

3. Light S Weg ™

’ 7 TFa strong beam of Dght s passed through vacuum, it is twansmitied in the direction of travel and
the pmh-Er_I.h;:h_llghl cannol be detected. However, when light 15 passed through o medium contaening
l'l_lil:r:it particles, 0 gets scattered in all directions in space. Light scattering accounts for many natwal
phenmmenon such as runbow, colourful dawn and dusk, the Blue colour of the sky and the sea.

Lipght seattering method 15 wsed w0 determine the m:lF!:l average malecular weight, M., of the
polymer sample. When a beam of light s passed through a polymer solution, o sullers scattering. Ii is due
10 scatterning of light that most of the sols appear rbad, Turbw iy, T, may be defined as the fraction of
incidem light which is scattered per ¢ length of the solution through which it passes, It is given by the
Expression, = e
T
V 1 .,
l s
. 1]
"'-—-"“-G: Ip denotes the intensity of the incident light.
. I denotes the intensity of light after passing through a thickness x of the medium. _
.ﬁ'cmdm! o Debye the wrbidity (1) of a solution is related w0 molecular weight (M) of polymer
l'llflll.ﬂ.t] by the F_ulh:rwmg eluation,
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i_—Where B = vinal coeflicient. 1
% C= conwentration af the solution { 51,)

and R, = Rayleigh ratio at 90° observation angle.
M equation holds good only for particles which are
I

ler than the wavelength of light used. X and M are R
light-scattering culibralion constants d-lﬁ!rﬂ_d ms: " [ %
U 2wt (dnide)? i,
1 | ﬁl: 4 ¥
l 1 e
T 32nt o (dnide Fig. 2.11. Determination of molecular
and H="*-£:i--—r“ weight of polymers from turbidity
— 37 Ny =3 measurement

where © has a numernical value of 3.14,
n 15 the refractive index of the solution,
:::EI 15 the specific refractive index increment (change of refractive index with concentration).
A is the wavelength of the incident light and Ny is the Avogadro’s number,

A

Now equation (1) can be wrilten as,

KCY _(HCy 1 D
RoJc—0 {tl--.n W | =

-
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The sigmiflicance of equation (ii) i ihat limiting valse of [H %} iy equal mr-i-.l'il?,.:'udun C=i), Thus

e

i a proph s plotted beiween !I'- atd € and then extrapolated 1o #ero concentration, the iglercepl with.

y-nxis will pive the value ol I.-'E,.,. .

carther, polymer molecules are randomly coiled and the incident light is simultancously scatiered by
dillerend regions of the polymer conl. The resalt i that the seattered light emerging Trom dilferent regions
wierlere with ane another. Die to this, the imensity of the scaitered light diminishes.
The value of Rayleigh rtin Ry varies with 0 and Debye equation can be modified as.:
Ko _He I '
Ry 1 M, Prim
where 1 (1) 1w the particle-scatienng Tacuw describing the angular dependence of the scattered light.

A ABC ven L)

Now J'*fﬂl-l-—;.!‘zﬂ”:

where § = (dn/a) sn (IN2) and B, s the mdius of gymation. R, is dilferent for different shapes of polymer

mslecule i solution. Radws of gyration s delined os the average root mean square distance of the stoms
Troan the centre of the ms,

5 5 ———
-

K "'J?

i
Z2

1l
y,

0 0oz 04 0.6 e |0 1.2

KC Mg

(N1}

LLE ]

sap® B+ (KA

. Fig. 2:12. Zimm piot showing the light scattering from a sample of palystyrene In butanane
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IT {ni) 15 incorporated in equation (i) we get,

%{ i [ +2BC+ < sin*] e (V)
0 H

Zamm wilized above equation to determine the molecular weight of a polymer. It involves double

extrapolation of the plois of KC/Rp versus |:.i|1.z (02} + KC|. Here K is the scallenng constant which

depends upon the refractive index of the solution: sin® (072 is proportionad 1o 5 The experimental ligh

seatienng values are plotted over a wide range of concemratons C and angles 0, Lines are drawn through

ponts o constant angle and extrapolated 1o zero concentration. Also, hines are drawn through points o
vonstant concentration and extrapolated 1o zero angle. The two sets of limiting values are then extrapolated

| :
B commaon ilercept &t zero value of the abscissa from where we get the value of —. This method of
H-"-

graphical extrapolation is called the Zimm plot.
By light scattening technigue, molecular weight of polymers in the range of 10,000 to 10,000,000
' can be casily determined. Vanous parameters used in this experiment like Ky or T can be determined using
‘ A el light scattering photometer and n and dinide by differential refraciometer.
|
I

Light Scattering Pholometer

Maodem lightscanenng instruments use_either a_mercury_arc or a laser as a source and detect the
scattered light photoelectrically. The Tollowing (Fig. 2.13) is the l:]:ptrmu:nlnl arrangement of a light
scatiening photometer,
e L1 the source of light. The light, afier leaving the source, passes through 3 pair of lenses K and
also through o monochromatising filker IF. It then passes through the slit & and stnkes against o beam
splitter M. After passing through the polariser N, the beam of light falls on the polymer solution kept in
the cell ©.. Afier leaving the cell, the incident beam s absorbed by a light tmp LA, The scatiered light
bath from the cell and nebdiday standard S reaches photocells My and Pha respeciively. The phoiocell
Fliy s mounted on a rotating arm o penmit measurement of the light scaticred at several angles.

Since the amount of light scatiered by solution is very small. every care should be taken to see that
the sodution is free from impurities such as dust particles which would themselves scatter light considerably
and introduce senous errors.

As we see from the qu]ﬂ[iﬂlll
N = 1 .
+* [ .

the turbadity of the solution of a given concentrabion increases with increase in molecular weight of
macromolecule while the osmotic pressure decreases wath increase in molecular weight. it js evident that
the light 5.-....-|||r.-r:n|; method is more aceurate i the case of polymers of very high molecular weighis
F"-IIHL"I'tr!'- above 1000000 where osmotic pressure |N|anjl Enrﬂ: |rm-:-:ut I;rr:h.ulllr
T I' 1

A2 4E1Uﬂracmtﬂiun.uﬂ$ b -9t A v y
: This method 1s also known as sedimentits It 15 the most modern and widely used method
to determane the :m-i:.-mlwm_ mers, This method was developed l'l-}' I Svedbegg and his

coworkers ( 1925-31),

Sedimentation s the fall of L'ﬂlhld.l.l particles in a viscous medium under the influence ol graviry.
The rate of sedimentation ol ,HIJ!n-Pr.I'I-IﬂI'."d particles under the nfluence ol gravaty s smoll. However, it can
be increased considerably by applying uhrcentnfuge technigue. When a polymer soléton 1s h.-ﬁ_:n:d o
a very ligh cemniugal foce, it undergo sedimentation and :lnﬂcu:gln sellle down., The rate of
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sedimentation under the influence of a constamt centifugal force is related 10 their molggular weight. The
rate of scdimentation can be increased considerably by increasing the number of revolutions per second.

o . i hovesble phetacel
- P2 !Et_ri'ﬂuu.:rl'mlcq:él'l ;
{ St Calibrated turbidity standerd (transbucent pless}
Ce _ﬁnlmlunc-r.'ll
Th ) Theemisind

—-=K _Polanser
="H _Light beam splae:
A Achomabe FrEgE.

H  shi
K _Comdensing lenscs
IF lantertorenge filier

L Light sousee {ngh-pressurs mercury lamp)
LA Light absorber (besm siop)

Fig. 2.13. Schemalic diagram of an experimental set-up for light-scattering measurements
Two different methods based on the use of ultracentrifuge have been devised., They are (i) the

sedimentation velocity method and 111) the sedimemation equilibrium method. The first method yields the
Ayr | nurn__l'El'-ﬂ"-'ﬂﬂE': molar mass, and the second method yields the mass-average molar mass.

*4{iy The Sedimentation Velocity Method. "
Tt is o quicker method in which the polvmer solution is placed in a Wurﬂﬂ the influence

of a very high gravitational field. Due 10 -Ilfr‘l:_iji:l_'! centifugal Torce, the polymer molecules will stan

”d_\L“E“_"Jll'-BJ" applying Stoke s tis possible 0 correlate the sedimentation_coefficient with
molecular weighl by the Tollowing expression known as the Svedberg equation o e————
S A e e avedbery equation ;@
| - ﬁ" - = i) - Il . i
\ Dyli-pWy |

where 5g and [y are the

=

seclirtus Platvom il’!‘hﬂﬂiﬁ'ﬁmmp constants respectively.
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A quannty called the sedimentation coefficient is denoted by 5. 1t 1s the sedimentation rate for o unil
centrifugal acceleration. For a given molecular species in a given solvent at a given temperature, § is a
constant. It s expressed in the umit Svedberg, named afier the Swedish chemist T. Svedberg. who did
fundamental work on the development of certifugal technigue. Svedberg was awarded the Nobel Prize in
Chemistry in 1926 for his work. Constamts 55 and Dy can be obtained by extrapolating the sedimentation

cocfficvent (5) and the diffusion cocfficient (D) at different concentration to Zero  concentration. In the

Svedberg equation V 15 the specific volume of the polymer in solution and p is the densaty of the solven,
Value of constamt & = £.314 2" mol™ and T is the temperature.

Dunng ultracentmfugration. a polymer solution s under the influence of very strong gravilalional
ficld. The centnfugal force acting on the solule particle of mass m at a distance » from the centre of rotation

is mia'r, where @ 15 the angular velocity. A buoyant force is also acting on the particle. 5o the resultan
force

= Centrifugal force ~ Buoyant force
= mar = M atr «ss (1]
where i, s the mass of dispiaced solvent. Il p s the density of the solvent and v 15 the volume of
the solutc pamicie. then m, = v p. Bul the measurement of v is very difficult. 50 another quantty called
the partial specific volume ¥ 5 generally used. It 15 defined as the merease i volume when one gram of
a dry polymer solute 15 dissolved in a very large volume of the solvent. Hence. the quantity my will be
the increase in volume obiained when a solute pamicle of mass m s added 1o the solvent. Thus s s v,
Now equation (i) can be written as :
Resultant force = m w® r—mw® £ 7 p
=muw’ r(l -¥p)

This resultant force will cause the partscle to accelerate. But the medium 15 exerting a fnctional force
which s proparfional to the sedimentation velocity dr'dr, Thus

Frictionsial fonce = [ [ﬁJ
]

where [ 15 the Inctional coefficient,

The fnctional force opposes the resultant force and the two forces are equal, when the steady state
18 reached. thus

Frictional force = Resuliand force

dr

or j’[ﬂJ:uml!r{I vl

Now, sedimentation coefficient § = sedimentation velociyleentnfugal scceleration
deids _mi(1=Tp) _ MyNa (1= V)

Ir.. fn—
w r f I
=  SNuf

i My = i~%p

where Ny 18 the avopsdro’s number,

The diffusion coeflicient D and fricional coeflicient § are related by Stokes-Ensiein diffusion
equation

0= RTIN, f= kTif
: g T
Hence f=k =
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|
or S=———_.In(rfr))
ml (rn=n)

The angular velocity @ can be calculated by knowing the speed of rotation of uliracentrifuge. The
bearn of light. which is passing through the system and then falling on the photographic plate records the

position of the boundary at various interval of time.
Problem 10 : A polvmer sample is placed in an ultracentrifuge which is operaring ar 50,000 rotations

per minute (rpm). If the sedimentarion cocfficient of this polymer iz 7.1 x 1071 5, how Jar will the solntion
boundary move in 30 minutes af a distance of 6.5 em. from the axis of rotation ?

Solution : We know that
§= {dridi)
wr

dr _
dl—.i‘mlr

=2y = 2x 1]-;‘ SDMISEdes"

% = (7.0 % 1071 &) (5237 rad &~1) (6.5 em)

=127 % 10~ em g™
Ar=(1.27 x 107 em 5~") (30 x 60s)
= 0.129 cm. )
Problem 11 : A sample of soluiion of a bovine serum albumin is placed in an ultracentrifuge which
is aperating at a speed of 45.000 rpm. If the boundary position of the solution moves from an initial r-valne
af 6.15 em 1w a final r-value of 6.83 em in a rime interval of 157 min., colculate the sedimentarion
coefficient of bovine serum albuntin.

Solutlon : From the eguation

3= In {rairy)

@ (2 = 1y)
In (6.83/6.15)

[In x%‘:lﬂy{lﬁ min x 60 5 m"]
m

| % =501 1073
/" JAif) Sedimentation Equilibrium Method  * —

" In this method, the rotor speed is lower (about 10,000 rpm) than in the sedimentation velocity
method. where the rotor speed s of the order of 60,000 rpm. When an equilibrium between sedimentation
and diffusion is reached, there is no net flow. In other words an equilibrium is said to be established under
the influence of gravity in a sedimenting column when the amount of matenal dnven outward by
cenirifugal force 15 exactly balanced by the amount diffused in opposite direction due 1o Brownian and
thermal motions. The expeniment takes several days 1o reach the equilibrium state. = E

During ultracentrifugation, polymer molecules petr distributed according to their molecular weights
under the influence of centrifugal force. An equilibnum concentration gradient is established along the
cell. Thus at this stage, when the sedimentation and diffusion balance out '

We have, §=
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malecular weights is given by the equation
=  2RTIn {sz{'.'l

"W (l-vp) A=)
where "fu 15 the weight-average molecular “rlghﬂ w s the angular velocity of the rotor (in radians N,
i 15 the density of the solution, ¢ is the concentration at distance r| and ¢5 15 the concentration at distance.
ra from the axis. The concentralion rano (cy'c;) is determined by photometnic_n Mum Il we plot a
Er-lph between In ¢ and =, it should be a straight line with slope equal 1o .M'wm (1 =w pW2RT. Thus
weight-average molecular weight can be calculated from the measurement of slope.

Lowest moleculasr  Highest malecualar
weight specics uweight species

G G G

direction of the
cenirifugnl force

Avequilibrivm
stale !

Ao ol
fotalion

Fig, 2.16. Distributlon of polymer malecubes al various distances from azis of mstion under influence of
equilibrium ceniriiugal force
The commonly used ultracentrifuge set up has an aluminium or titanium alloy rotor which can operaie
from 2000 rpm 10 65000 rpm. It is operated electrically and a camera is used to photograph the solution

cell ar different times.
The solvent should be dust-free and should have relatively low viscosity. The density and refractive

index of the solvent must be quite different from that of the polymer sample. This will be good for effective
sedimen

¥ . i ey |'. II'- L""-_ all 2 2y - LT H:'L."., | ".I'l-
iscometry | e il .

o

‘I-"Esn:unm!l}' is an uselul t-l:thnlqu: for dctmmmng the ﬁmmwamﬂiﬂg‘_mﬂmﬂ, J‘ht

ViSCOosity ty of a polymer solution is Ln-ru.u:l:rahh- 1'IIE|1.I!I than that of the pure solvent. ILis due 1o the presence
of macromolecules which raises the viscosity of the solvent because of of the | mhumug:mmcs int

|EE_I! muolecules.

@_E: method was introduced by H. Staudinger. If ng is the viscosity of pure solvent and n_that of
selution of a given macromolecule, then 1/7g is known as the relative e viscosity_(n,) of the _solution,
he. vy S
T PN A ™

ce o
h ' i b }
Ufimﬂiﬂm 'l.ns&';r; {n,l,] may I:-:E:ﬁn:d as the relative increase in viscosity and is given by

-.——- --'-—-f.-il.

| P |
= -]_tt [
i 'fln Mg g

Th-: FINIO Tigec ie., the relative | increase in s;n:?: ﬂsmsuy per unit :un::umdﬂﬂfﬂ‘m!“ﬂﬂ“!'
i5 kno I'.nml-n as E—M As reduced viscosity is not m:h:-p.:nd:m of conceniration, it becomes
ﬂl‘.'l.‘l;ﬁﬁnur_lu exirapolate a plot of Tz e u,gmnsl ¢ 0 zero concentration. This ﬂﬂpﬂlﬂ_ﬂﬂm
as the ininnsic viscosity :ﬂ!! This_ nmy' be_expressed by the following expression :
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_1 n= Ill'l'i‘ - I:I[ “l-"l]

b S ]

where ¢ is the concentration of the macromolecule in_gmes pg:;;_,_lji_ﬂ_l_ml_-‘.) =
Intnnsic_ viscosity is  also known s the

Sudinger index or limiting viscosity mumber. In order

to_gel wirnsic viscosity of a macromoledule, it-
w_s‘rcﬁ's_n_r}_ to determine specific viscosity of
the solunon of macromolecule  of  different
traltons in a given solvent,
taudinger observed. in_ 1950, that for a serics of
amples of the same polymer in a given solvent and ot
a constant temperature, the.intrinsic viscosity is related
o the molar mass of the polymer by the following
equation. known as Mark-Houwink _equation. or
H__—_._M"dm sEqraton; m - Variation of reduced viscosin
S mim KM Se® W s

-

1|‘F|'.'

where M, is the vikcosity-average molecular weight
of the polymer and K and o are constants for o
particular polymer/solventftemperature  system.) The
value of ‘a’ depends upon the peometry or shape of C—»
the polymer molecule. The values of a vary from 0.5 =" Fig. 217.
to 1. For polymers behaving as random coils, @ is about
0.8 and for globular proteins hiving a compact structure, it is sbout 0.5,
an unknown polymer system, the K and o values have 1o be generated. This is done by
fractionating the polymer sample into several fractions and for each fraction, the molecular weight is
determined either by osmometry or by the light scamtering method and the corresponding intrinsic
viscosities are also measured.
_Agnin if logs of both sides of Staudinger equation is taken, we have
= In [1] = log k + & In My,

Table

i.. Fraction mumber Molecular weight M, = 10-* m ||
L~ 8237

1

2 90
3 13690
4

5

15120
19.720

Molecular welght and viscosity data for a polymethyl nerylate sample in benzene solution.

A log-log plot of [n;) versus M, gives a straight line with slope equal to_a and intercept equal 10
In K. Thus, the constants a and K can be easily determined, i

Problem 12 : The imtrinsic viscosiry of myosin”is 217 em” gm'. Calculare the approximate
concenfration of myosin in water which would have a relarive viscosity of 1.5

Solution : We know that ;= lim ﬂf_ﬂ]

=2

-
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v~ There_are 1wo types of viscomelers used for this purpose
Tiwe Ostwald viscometer
"'-qul TIn: Ubbelohde :.uep:m:d level viscometer LL'SI.},L =

L 3 i

=i (L

I'H:"E.T.l, The hlm types of viscometers used for measuring viscositles of dilute pelymer sclullons : (a) the
Ostwald viscometer and (b) the Ubbelohde suspended level viscometer

\=fd) Ostwald viscometer : It is a 1 simiple glass capi . The viscometer is dried and the same

mlum: of the solution under examination is taken. Otherwise. the effective pressure head will vary from
orie solution 1o another. The process is repeated and Now times of various sample solutions are taken.
The experimental procedure with respect to the Ostwald viscometer 15 rather tedious as each time,
we have to empty. clean and refill the viscometer with a fresh solution before measuring the flow time.
) USLV : The mun advantage of this apparatus is that only a single solution of the known_
on s n:qum_-d tn start the experiment. A known volume of polymer solution is taken in the
ws:-nmm and the Now time s measured. Subsequent conceniralions can be obtained by adding known
volumes, of pure solvent and mixing inside the viscomeler itself.
?ua‘_ﬂ: are certain precautions which are siricily followed 1o pet the correct_result.
" All measurements should be done al constant temperature because the viscosity is highly
dependent on temperature, -
1) "The apparatus should be hold perfectly vertical during the experiment nl:hzrwm:. even with the
same volume of the solution, the pressure head will vary.
i) All solutions should be free from suspended impurities because it will obstruct the free fMow
of the solution with in the capillary and will give incorrect flow times,
(iv) The flow time for a particular volume of the solution or solvent must be sufficiently long so

- that the difference in flow time between two successive concentrations is at least of the order
of 3 1o 5 seconds,
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2.5. ANALYSIS AND TESTING OF POLYMERS :

There are vanous standard methods of physical and m:m:r:al analysis of polymers. Some of them
are descnbed below ¢ -~

(1) Chemical analysis of solymers- ", ;

il Spectroscopic methods

il Xe-ray difimction analysis

fivh  Microscopy

(¥} Thermal analysis
and ivi) Physical testing.

2.5.1. Chemical analysis of polymers :

The chemical analysis of polymer is simalar to analysis of lew-molecular weight organic compounds.
There are many standard analyuical technigues other thon usual methods, for analysis of clements and
functional groups. There are many specific books available for idemtification and analysis of plastics.
Chemical reactions sech as degradation reactions of polymers provide additional means of chemical
analysis. Mass spectroscopy and gas chromatography are iwo powerful mﬁmquu Tor analysing low
medecular weight products of reactions (usually degradation) of polymers.

(w} Mass spectroscopy @ The polymer s allowed to react o form low molecular weight fragments.
They are condensed at hquid-air lemperature, then volailized, womized and separated in a mass
spectrometer. From the abundance of the vanous iomc species found, the structures of low molecular
weight species can be elucidated.

{ih} vas chromatography : Gas chromatography is & special form of the general chromatographic
techmique, in which the moving phase is a gas and the sEanonary |I'|u:.r. may Itn: either liquid or solid. TI'I!.'
technique is suitable for separation of matenials which are votatile without -d:l:{rmp::lhlllm

In gas-chromatography the sample is introduced into the moving carrier gas stream (nitrogen or
hydrogen) and 15 carned by 11 through the column. The column contians erther the active solid (gas-sohd
chromatography b or a liquid of low vapour pressure held upon an incn suppon or only liquid in a camilary
column (gas-hiquid chromatography). The active solid or non-volatile bguid forms the statonary phose
whereas the camer gas forms the mobile phase. The components of the mixture sample distribute them
selves between the two phases. The adsorption or solubility in the fixed phase would differ from substance
1o substance. therefore these components are camed along the column at different rates and finally they
emerge al the end of the column in distingt zones separated by the camer gas. On emerging the vapours
of the components are detected by suitable instrumental methods accompained by an automatic recording.

_,,.i}‘.z Spectroscopic Methods :
ﬂptl:lmsm-pu. methods like IR, NMR, EPR are helpful in the analysis of polymers.

!-mt diffraction study :

It was suggesied by M.Von I at it might be possible o diffract X-rays by means of
_crystals. The reason of this-suggestion was that_the wavelength of X-rays was of about the same order
I:J.IJ = cm) as the inter-atomic distances in a crystal, X- -ray diffraction sl:udy has proved to be I'Iigllj'_

g:urun,g structures and dimensions of the crystals.

jwm:d out that scattening of X-rays by crystals could be considered as reflection from #
successive planes of atoms in the crysials, However, unlike reflection of ordinary light, the reflection of
X-rays can take place only at ceriain angles. which are determined by the wavelength of the X-rays and
the distance between the planes in the crystal. The fundamental cquation. which gives a simple relation
between the wavelength of the X-rays (A). the interplanar distance wn the crystal () and the angle of

rertm:um (B, 15 known as the Eragg equanon, ,

(. 2dsinBmni \ B - f'fr"

| e — - _

- - =

i -
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The wavelenghts of X-rays are comparable 1o ineratomic distances in crystals; the information
obtained from scallering al wide angles shows the spatial arangements of the atoms. Low-angle X-ray
wcattering is useful in deieciing larger periodicitics, ' '

There are two types of the X-ray diﬁnﬁf&i‘i'hgﬁniques used in the study and analysis of polymenc

olating crystal-technique (i)-Powder technique.
Rotating crystal technique : X-rays are usually produced by bombarding a metal target with a
of high voltage electrons. This is done inside a vacuum wbe T, The X-rays generated in the tube T

are now passed through a slit so as 1o obtain a narrow beam which is then allowed to strike a single crystal
C mounted on the tum-table. The crystal is rotated gradually by means of the tum-table so as o increase
the glancing angle at which the X-rays are incident at the exposed face of the crystal.

£

Fig. 2.19. An_K-ray.Spectrometer

The wavelength of X-rays produced depends on the targel metal and the applied voliage. The
intensities of diffracted X-rays. angles and distances may be detecied by their action on photographic films
of plates. The angles for which diffractions are maximum give the value of B. The process is cumied oul
for each planc of the crystal. X-rays of a given wavelength are diffracted only for cenain specific
onentations of the single crystal sample. Therelore it must be placed in all possible oricniations during
the expenimenit, usually by rotating the crystal about one of its axis 1o achieve the desired orientations with
respect e X-ray beam.

Power technigue (The Debye-Scherrer method).: This method is more convenient, but gives
mgs~information than the single crystal (rowiing-crysial) method. The powder, infact, consists of many
small crystals which are oriented in all possible directions. As a resull of this, X-rays are scattered from
all sets of planes. The sample is kept in the form of a cylinder. inside a thin glass wbe. The intensity of
diffracted rays are detected by means of photographic film agranged in the form of & circular arch, In this
method. no rotation is necessary since the powder unm]j-ulmndy contains microcrysials arranged in all

“ » possible onentations.

Application to Polymers ;

The erystal structure of 4 polymer is determined from X-ray patterns of a fibre drawn from the
polymer. Because of the alignment of the crystalline regions with the long axis of the molecules paraliel
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i the fibre axis, the patiem is essentially identical to o rotation pattern from a single crystal. In such a
pattern diffraction maxima occur in rows perpendicular 1o the fibre axis, called layer lines.

Ciwmin Conformetions : As the penodicity of molecular structure of a polymer is characterised by
the existance of a repeal unit, so the periodicity of its crystal 1s chamctensed by a repeat distance. The
repeal distance is directly determined by measuning the distance befween the layver lines. The repeat
distance of 2.55 A" in the crystals of polyeithylene is readily identified with a single repeat unit in the
planar zig-zag conformation. The position of the atoms in the unit cell are then denved from the relative
intensities of the diffracted beams. The diffraction patterns of polymers. do not give all information. The
bond lenghis. bond angles and armangements of atoms along the chain are determined lrom other sources.

Methods for analysing the diffruction patterns from helical structures is highly versatle technique

for the determination of the repeat unit,
Chain packing 1 The packing of the chains is descnibed in terms of the unit cell and its contents.

The volume oceupied in the crystal by o single repeut unit 15 the volume of the unit cell. The volume of
the unit cell is obtained from the repeat distance and the positions of the diffraction spols on the layer
lines. This volume measures the density of the crystals, which is useful in determaning the degree of

ervsaallinity.
Disorder in the Crystal Structure :

X-ray diffraction also give the information about the disorder in the crystal structure. This disordering
results in the broadening of the diffraction maxima. However, the distortion of perfect crystals imo
paracrystals is now considered important in many polymers.

Orientations :

Unless the crystalline regions in polymers are onented. as by drawing a fibre, the diffraction maxima

merge into nngs, made up of the maxima from a large number of crystallites in many different onientations.

If onentation is intermediate between these extremes, the rings split into arcs, and a quantitative evaluation
uEJh: erystallite orientation is made by measuring the angular spread and intensity of these arcs.

254, Microscopy : ™|

There are vanous technigques used for polymer analysis.

"1, Light Microscopy : Reflected-light microscopy_has been used for examining the texture of solid
opague polymers. The polymer 1s taken in the form of thin film and light is transmitted tljlpuiﬁ il. THEIE

“nre two common lechniques of light microscopy, _
one is polanzed light microscopy and_other is lﬂ *—:E_l-:l:lr_nq source
phase- contrast microscopy. In poladzed light n_ﬂ—{“nrﬂ:lmlnﬁ

micrascopy. crystilline materials rotate the plane of

polarized light. The morphology of spherulites in T

«— Oibjeetive lens

some polymers is complicated which is observed in . 2
_the light microscope between erpssed polanzers, = Prmary wnage .
When using a hot-stage polanzing microscope, — Projeeton lens

crystalline melting point is taken as the temperature
of disappearance of the last traces of crystalliniy.

In second technique ie., phose-contrast " = Final i
__microscopy, - observation  of  structural  features YRR Wﬂmm
involve difference in refractive index rather than — ) SISO
“absorption of light, Jet af molecules '
' Interference microscopy allowing . ___:__::i.-murlphlﬁ#
measurement of thickness as low as a few angstrom -
units has proved valuable in the study of polymer .0 "T" “PEMFW s
single crysials. Accelerating
i_-1. Electron Microscopy : ltisa powerful ool voltage and shits
for “ilic stidy of- e morphology of erystalline Fig. 220, An difiraction apparsius :
—_ =
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polymers. Resolution of smaller objects can be achieved in electron microscopy, the practical limn of
“resolution is a few angstrom units.

The electron mucroscope is an optcal instrument. The image forming radistion 1 a electron
microscope 15 3 beam of electrons, the lenses are either in magnetic or electrostatic field and the image s
made visthle either photographically or by means of a Mluorescent screen.

The detiracnon patern s charactenste of the structure of individual mokecules. The panciple of thes
procedure s much simalar to that of powder method of X-ray analysis, The disadvaniage of this microscopy
15 that the miense clectiron beam acting for a considerable length of ume destrovs the specumen i many
cases. As the cleciron beam 1 unable o penetrate through metalhe surface. a very thin film replica of the
surface = made and analvsed with eleciron microscope. The spocimen undergoes changes caused by
heanng dunng the bombardment of electrons in its evacuated environment. [nspate of these hmitations, the
clectron microscope on account of s inherent high resolution power and greal depth of focus, pives
promisc Ao stnking developments m near future,

.EI‘II'I-HII'II_ Electron Microscopy @ In scanning clectron microscopy, a fine beam of clectrons is
'H:ﬂ-ﬂ'l'hﬁd across the surface of an opague specimen to which a light conducting film has been applicd by
L:'l-':lpumllm Secondary electrons or X-ray photons emitied when the beam hits the specimen are collected

vide a signal. The resolution s the order of 10D A,

' "k Thermal Analysis ;
- 111.:n: are various thermal analytical methods lor the analysis of polymers, such as
RN . . n'IL’I‘IT'II-'I'LTI-I-'rII'I'J'I.'Hﬂ'E nml:.-m ~{il) Thermo mechanical analysis
(i) Ebectracal thermal analysis ~Arv) Differential thermal analysis

and™ (v} Differentaal s.mruung_..nlmun:m___,_
In these methods some propenty of the sysiem is measured as a funcuion of the temperature. We shall
discuss here only difterential thermal gnalysis and d:[ﬁ:mmmT seanmng colounimetery.
\.ﬂ!‘ﬂiﬂmul.lnE thermal analysis (DTA) 5
In DTA the sample and an iner reference substance. undergoing no thermal transition in the
ltmptr:m.rt r.|l'|p.- ol inlerest, are heated at the same rate. The lemperature difference between the sample

S B TR LA il e TR ot B oY IR IR AR B
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Qf/{\B.Ph}'li:ﬂTHﬁna ; G P - v

There dfe vanous  lest ‘micthods for measuring the ph:,ﬂn::]_p_tl;l_-p;m_n of polymers. A hntfdﬂs:nphm
u-l's.-nm: e mechanical FTFH!EFI:IE.‘- are given below :

Tensile Slrl'ﬂzlh { Stress-Strain Propertics in Tension) One of the most mformative mechanical
e_Enm'-:mT rany matenal is the determination of its stress-strmin curve in tension. This is usually done
by measuning continuously the force developed as the s:\rnplr; is :Iﬂng.al::d at constant rale of extension.
The tensile strength curve for plastics shows mndul.us or stiffness, yield stress :nd strength and clongation
ot k t break, This type of curve is typical of a plastic such as E:ii}tlhylene Tensile properties are usuilly
“measured at rates of strain of 1-100% per min. AL hqgh:r rmi:s uf smﬂn tensile stength and modulus
usially increases while elongation decreases.

w{B).Fatigue Tests : When subjected 1o cyclic mechanical stresses, most materials fail at a siress
E"H onsidefably lower than that required to couse rupture in a single stress cycle. This p!u:mr.rhunnn is called
fatigue. Aliermating lensile. compressive stress and cyclic Mexural
stress arc the vanous modes of fangue lesting in common use,  —Elongaiion ai break
Results are reporied as plots of stress versus number of cycles 1o
fuil. Fatigue Tailure may anse from the absorption of energy in < longation |
a material that is not perfectly clastic. This energy is manifested 3 al yicld —b{

as heat, leading to o temperature Ase, a lower modulus, and mph;l

' Llliimaie

ENIW E b sirengih
. ey Impact rupturing in_polymer samples m:r ‘
be divided inio two I:IIH.S-H vield

- {1} Brittle rupture Sies

(i) Ductile rupiure. !* !

-, (i} Brittle rupture : In bnitle rupture specimen 1% T
broken inio pieces. Brinle failure is charactnised by lack of __tmin —#

distortion of the broken pans. There are two aspects of brittle Fig-2.23. Tenslie stress- strain curve
rupture. The temperatrue below which brittle failure ocours under E .

# a given sel of expenmental conditions and measures of the toughness of materials ai ambient 1emperature.
The test methods used 1o obiain both types of infarmation are highly empirical. Since the specimen 15
destroved, multiple testing is usually applied 10 allow statistical evaluation of the results. The brittle poant
15 determined by subjecting a specimen to impact in a siandardised but empinical way. The emperature of
the test s vaned until that emperawre is found where, stamistically. hall the specimens fail by brittle
ruplur: The bnitle posnt s roughly related to the glass transition temperature.

IHMIHH : In ductile rupture the specimen is permanently distorted near the point of

failure.
poft and weik !-hrd and brittle olt and tonigh Hard and strong Hard and lough
) i (c) (d) (&)

Fig. 2.24. Tenslle lll"lli-ﬁilj_ curves for seversl types of palymeric materials

Impact strength of plastics is measured by tests in which a pendulum with a massive siriking edge
15 allowed to hit the specimen. From the wravel of the pendulum afier breaking the specimen can be
calculited the energy required 1o cause the break.
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