POLYMER CHARACTERIZATION 67

Problem 9. Calculate the number average and weight average molecular masses of polypropylene
polymer with the following composition :

CH; CH;
| |
(a) =-4 CH;—CH ﬁuﬂ is 2§% (b) =-—f CH;—CH -]—m is 35% and

CH;
|
c) = CH—C is 40,
—+ 2 H -]—[m is 40%

Solution : Molecular mass of (a) = [(12 % 3) + (6% 1)] x 400 = M= 42 x 400 = 16800
Molecular mass of (b) =42 = B00 = M, = 33600

Molecular mass of (¢) =42 % 600 = M3 = 25200

As ny =25 ny=35 andny=40

— nyMy+naMa+nyM;

Thus M,
n +ny+nAj
(25 % 16800) + (35 x 33600) + (40 x 25200)
- 25+ 35 + 40
2604000
= 100 = 26040
-_— n Mf-rn:Mﬁ-n—n;Hi
And “nﬂ|-'-f1+n3.’4rf;+n3!-f;
_(7.056 x 10%) + (3.951 x 10'%) + (2.540 x 10'%)
2604000
_7.1966 x 10'°
| | 2604000
g = 27637
%mse&nm AND MOLECULAR UTION IN POLYMER
polymer is composed of a_large number of monomer units and any_polymer sample_contains,
molecules of different chain lengths. This heterogeneity of ' the polymer sample is called its polydispersity
Eeae - Polydispetsed svstem

——————

“Molecules are of different sizes

~* All molecules arc of same size (sumple 3 - differen
“zFemical compounds like H:O. aleohol (polymers are polvdispersed sy siems)

= are monodispersed systems), ' .

ol Fig. 2.1 \ .
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68 .~ ORGANIC POLYMER CHEMISTRY

z:ppmd to a monodispersed sample_in which all the chains are identical chemically as well in size,
Tﬁ! _weight average molecular weight M, is always larger | than the number average molecular weight
H‘. unlﬁi the sample is mnnodlsp:rsud in which case M, M' The ratio M ..-"M..,, 1s called tl'u:
pol Ly index (P.D.1) of a polymer sample.

polydispersity co-relates_with_the concept_of 4

‘average’ molecular weight bu it does not co-relate with
the dispersity pattern of the polymer sample. For example,
40,000 is the average molecular weight of the polymer
sample. Tt means that the value of molecular weights of
molecules ranging from 20,000 to 80.000 or from 500 1o
100,000, the figure is uncenain.yTherefore two polymer @
samples of the same 40,000 iverage molecular weight
have similar prppertics in some respect while different in
other respect:\Jhus it is necessary to know both the
average molecular weight and tbe dispersion patiem of
the given polymer sample){his dispersity can be
expressed by a simple molecular weight distribution curve
with respect to the lowest 1o the highest molecular wei ghi)
Such a curve for a polymer sample is plotied between the
number of molecules (n;) of a particular molar, mass (M;) = 03;.._..5 u,_. ael M
and their corresponding molecular weight. (The curve | rolds 1=
shows the relative positions of the various average molecular wc:ghts in a p-ulydlspcrsed polymer sample.
Here M, > H and that ZE is closer to M.,, than 1o H
‘cﬁ:f? rsity is a very important parameter. [t gives an idea of the lowest and the highest molecular
wr.lght species as well as the distnbution pattern of the intermediate molecular weight species. It arises
due to vanation in the degree of polymerisation attained by different molecules duning the polymerisation
leﬁ:nd polymers obtained by different polymernisation techniques show different polydispersities.

r

figure (2.3) shows molecular mass distribution in two polymer samples have the same
numbet-average molecular weight but different polyd:sgcmnr,s Sample | has a narrower dispersion pattern
_and hence, a lower polydispersity than sample 2.

|_— Samyple |
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“~~For all synthetic polymers

M,
- ] Mo ‘nmns a known
Fay_ Py * wroups fo
v — TR e
4 My M, M, - *
n, ,-"
Fig._ E.I
Yet there is another way to look into the polydispersities of polymer sample.
F is highﬂ than |.
As the molecular weight distribution becomes broader that is. as mw_ﬂ: value

of MHJM,, increases. J

/ THE PRACTICAL SIGNIFICA.HGE_DE POLYMER MOLECULAR WEIGHT

Many commercially useful polymers are selected on the basis of their physical properties such as
melt viscosity. impact strength or tensile strength. These properties are dependent on the molecular weight
of the pal:.*rmr or its degree of polymensation. For example, melt viscosity increases with m lmlul:ullr

) — meht vlml}'.‘___b
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%;mmmmlly uscful polymer should have a low melt viscosity to permit ease of processing, bul,
_ ot the same time should show good strength.

The tenslli_ggg |rnpact slrcnglhs also increase with molecular weight.

-

Mechanical strength =&

-

D:;m: nI'FuIt merisation —
v 'f’:hcn a graph is plotied showing change nf nm:h.amcnl strength against degree of polymerisation
_(DP), it comes as shown in the figure (2.6). Qualitatively, the nature of the curve is more or less the same
for all polymers. Every polymer has a threshold value (TV) for its degree of polymerisation. This value
varies from one polymer to another. Below this value polymer does not possess any strength.and exisis
as friable powder or as liquid resin.

‘ . -Atcertain DP value (shown as X on the graph) the polymer attains more or less full strength. This
! value also varies from one polymer to another. For example :
| | Palymer [ Threshold DP valye. rl_]_F_:.*___lhlf__ufpd_nl X
¥ Cellulose, 50 _ 230
Vinyl polymers oo 400 .
} \ It has been found that polymers do not show sla-ngth for DP values of lower than 30 and the optimum

" ‘strength of the most of the polymers is obtained at DP value of around 600. The_useful range of DP js
J g,, _ from 200 to 2000..

¢ (P MEASUREMENT OF MOLECULAR WEIGHT, .~
\-dﬁrodugdp_n

‘There are various physical and chemical methods for measurement of molecular weight of polymers.
These methods are functional-group_analysis, measurement of colligative properties (osmometry). light
_scaliening or ultra tcnl:nl‘ug;utmn or measurement of dilute solution viscosity. All these methods are absolute
except dilute-solution viscosity method. By thcsc methods molecular weight can be calculated directly.
Dilute solvtion viscosity method (viscomelry) ) however, is not a direct measure of mol molecular weight. All
lmlncular weight methods require solubility of pnlymcr and all invglve extrapolation to y infinite dilution )
| Or operation in a solvent in which ideal solution hchaﬂuur s aunmcd But some types of end group analysis
do not require all these,

..The methods used for molecular weight determination of polymers are follows :
(_LA-  End-group analysis.
+ B Colligative property measurement (Osmometry).
C.~"Light scattering.
D. Ultracentrifugation.
Viscometry.
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2441, End-Group Analysis

Molecular weight determination through group analysis requires that the polymer contains a known
number of determinable groups. per molecule. The long- -chain nature of polymers limits such groups to
end groups. Thus the method is called cnd+gruup analysis. Since methods of end-group analysis count the
number of molecules in a given weight of sample, they give the numhcr-avtrlgt molecular weight of the
polymer (M,).

The method is not so useful at high molecular weight [is;:\-r: 25 .000), as_the fraction of end groups
becomes too small to be measured with accuracy.

In this method, first, the total number of functional groups [~ OH. - COOH, - CHO. - NH,. OCOR
elc.] present in a given weight of the sample is determined by usual chemical methods.

This 1s expressed as functional group equivalent/100 gm. From a knowledge of the functional group
equivalent and the I'um.tmnainy* the number average molecular weight can be calculated using the equation :

T |
M= fu nctionality . L/

" functional group nquwnl_:_nl_____...

" Functionality is defined as the number of T reactve t'un:uon.ll—grl:ﬁlps present in each macromolecule.
Thus, the functionality of carboxyl-terminated and hydroxyl-terminated polybutadines (CTPB and ‘and HTPB)
is two, as each molecule possesses two reactive functional groups.: ,

\ .~ HOOC—R—CH;—CH =CH—CHy}-R—COOH =, -2 icpaliic = _2

. S i

HO—R—{CH;—CH = EH—CHa}—R—GH e

w:;',-f""l'he procedure is as follows :

An _accurately weighed quantity (less than 1 gm) of, for example CTPB sample is dissolved in the
_ethanol-toluene (1 : 3) mixture . This is titrated against a 0.1 N alcoholic potassium hydroxide solution
using ph:nu!;:hlhnlmn as an indicator, The end point is the appearance of a slightly_pink colour. Then.

Carboxyl value = N“f:ﬁ l mg of I{n___gm__

“where V= Volume of KOH consumed in ml..

-

L= N = Normality of KOH solution.
Wem = Weight of the sample taken.
- : - YN (56.1) .
Carboxyl equwn]::mf 100 gm W(IME] x 56 | lﬂW
In a panicular experiment, if 0.8734 gm of the sample has consumed 5.1 1 ml of 0.1242 N llcnl'mllc
KOH solution, then

: 2:1%0,1242 .
Carboxyl equivalent/100 gm = 10 % 0.8734

=0.0725
Assuming a functionality of 2, we get

— 2% 100
. Mo 0.0725 ﬁ?ﬂ} .
method is valuable for linear polymer molecules havings determinable end groups and for those
obtaned by a_known_polymerisation mechanism without side reactions. This is because ;3\2 reactions
dunng polymerisation (such as branching or chain transfer) may introduce ermors in U e_assumed
fractionality and hence. lead to_crroneous results,
The Lht'.'l'ﬂll.ﬂl m:lhndﬁ are often limited by insolubility of the polymer in mlw.nts smubl: for the

titrations,

[ S
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flT--li

‘#R' 5}1 Colligative Property Hnuurunnm (Osmometery)

The colligative property methods are based on vapour-pressure_lowering, boiling point elevation
_{ebulliometry). freczing point depression (cryoscopy) and the osmotic pressure (osmometry). The
“colligative | properties and molecular weight for infinitely dilute solutions are related to each other. The
actvity of thc solute in a solution becomes equal to its mole fraction as the solute concentration becomes

sufficient| Il. The activity of the solvent must equal its mole fraction under these conditions. The
pression nf the activity of the solvent by a solute is equal to the mole fraction of the solute.

"The _following equations are used for polymer solutions to determine the number average molecular
weight (M,).

""’H—_

lim—=—— ey

l
M

=

!
PAYS N,
n_RT _,
—-_—=— L

c20C M,

\ﬂim ATy A Tjr and m are the boiling point elevation, freezing point depression, and osmotic pressure,
“{ respectively, p is the density of the solvent; A Hy and A Hyare the enthalpies of vapuun:nuun and fusion,

5

respectively of the solvent per gram and C is the solute concentration in gms/ml.
ssThe osmotic pressure technique is more useful for polymer solutions than other colligative
lncl'mrqun There are two types of osmotic pressure methods.

Napuur—ptuu asmometry -
- (b) Membrane osmometry.

' {:ﬁj’/ Vapour-Phase Osmometry :
l
|

- Hﬂw : Vapour phase osmometry is an indirect measurement of vapour-pressure lowering. This
is used for measuring M, of polymer sample. The method is based on the principle that at a given

lemperature the vapour pressure of a solution is less than that of the pure solvent. an a drop each of a

l solvent and the solution is kept in an atmosphere saturated with the solvent vapour. Since the vapour
pn:ssun: of the solution is Iuwcr than that of the pure solvent, condensation of the solvent lakes place

from the saturated vapour phns: on to the solution droplet. The solution droplet, therefore, starts getung
_diluted as well as heated up by the latent heat of condensation of the solvent condensing on il. Due to the
| ‘temperature rise and increased concentration of the solvent, the vapour pressure of the solution droplet
increases. The process of condensation and the temperature rise continues till the vapour pressure of the
m'l'_*nn droplet becomes equal to that of the pun: solvent. The total rise in temperature AT, will be

H.’TQn '
" AH,——

rw-l AT=

. where A H, is the heat of vapnuns:tmn _
" The apparatus used for this method is called as “vapour-pressure I?Pﬂ] ;Thl: solution
and the solvent droplet are placed directly on two thermistors in a wheatstone bridge circuil
that the termperature rise can be measured very accurately as a function of output voltage AV. AV is is related
to the moléecular w::fh'! of the mlut: (polymer) by the equation :
AV K

'. “Eﬂfn + KBC

~where K is the calibration w
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% Instrumentation : .

-4 A solvent vessel made of glass is placed in.an aluminium bloek,, This aluminium block is closed by
a stainless steel lid through a Teflon gasket. This vessel provides the space for the aimosphere of solvent
vapour wherein the transistors are suspended. The stainless steel hid is covered by another metal block
through which several syringes for placing the solution and solvent drops on the themistors are introduced.
The entire assembly 1s thermostated to mamntain a constant temperature.

jﬁm “iethod : First, the solvent is added (o the solvent vessel through a synnge and solvent drops are
" also placea on each thermistor. Since there will not be any condensation on eil r of the thermistors, there
is obviously no temperature difference and hence, the instrument should read zero. In the next step, the
instrument 1s calibrated with a standard sample of a known molecular weight, Its four 1o five solutions of
known concentrations are prepared. A drop of the solution of one particular concentration 1s placed on a
thermistor. Now, the solvent stants condensing on the solution droplet and the nise in temperature occurs
which is direetly measured as the bridge imbalance output value Av. The process is repeated with solutions

of different concentrations and AV values for each concentration are noted.

Thermustor probe

Synnge in
Synnge "‘.r'/ down (loading)
guide -\hfp__: — —— position

711

| for thermostating

Thermistors —___ |
SRR FEEE the syringes
Glass vessel for R S E Y
solvent and wick Bk T Chamber

Foam

:'“‘nt ".
fﬂg 2.7. lulmurml nhlmhlr nf vipnur plﬁlu_qlw

~ A graph of AV/IC vem:s C is plonied and extrapolated 10 zero concentration. The ordinate intercep]
will then be u:awr_-, C-0 K can be calculated by using the equnnun.

7 K=M.(avIO),_,

[Hhc{e M is the molecular ntigﬁ of the standard snmpf:
- The molecular weight of the unknown sample can be calculated by repeating the same. procedure.
with the same solvent. By krmwmg the ordinate mten:epl {ﬁWC} th- molncutnr weight of the

unknown sample will be gwen b;r
M K

M, =

(@VO¢ 0
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s
‘Iﬁ ,ajﬂ Membrane Osmometry. :

jl

—

This Technique is used to determine the number- -average molecular weight of polymers. It is based
on the phenomenon of osmosis. But it 1s not a useful technique for slggy_u% sqL_{;s of low molar mass,
because it is difficult to find membranes that are impermeable to such solutes. Osmotic pressure

measurements are used for studing polymers because

osmotic changes are larger than the changes in boiling point ="

elevation, freezing poimt depression and vapour pressure |- -2 N sbrom =

1nmnnb Another advantage of osmote pressure method 1s [ -_— Pressure -2-7

“hat the presence of a shight trace of an impurity of low - ——t ="
molecular weight may cause serious error in freezing point  F---2-2-27) L-o-o-o-o ]
or boiling point elevation whereas it would pass throughthe [[=-T="="="=1 -"-PBpc—_—J
cellophane membrane and, therefore, would not change the -:-EET@:—:-E - — = Soluenl — _ -
pressure measured. ot/ Nt i
Osmotic pressure (1) of a solution is defined as the .

pressure that must be applied to the solution so as to totally _Semipermeable membrane
prevent the flow of the solvem through the semipermeable - Fig. 2.8.

membranc into the solution.
“ There are different types of osmometers. These osmometers are divided into two categories,

depending on whether the static or the dynamic equilibrium method has been used to determine the osmotic

pressure. e
w (i) Static equilibnum method (ii) Dynamic equilibrium method.

%_AIE: equilibrium_method :

The apparatus ; The apparatus consists of two metallic blocks made of stainless, one face of each
block ™havi

ng a series of concentric grooves. Thu;: grooves, in turn, are interconnected by
vertical-honzontal channels. A semipermeable membrane is placed in between these grooved faces of the
two metallic blocks. On bolting the apparatus, the two internal grooved faces of the metallic blocks come
in close contact through the semipermeable membrane. The solvent and the solution are kept in the space
Tormed between the grooves on the two blocks and are prevented from freely mixing by the membrane
sepmung thcm The vertical Lhi’.'al'll'll:['i of the blocks are connected to glusa an:lln.nes through a drill in

'I ls_!s_ql_mm l'lr:lld

Solution
compariment

Concentne
grooves

— Solvent-

compariment

'HIIlllr

HERENEEN

RN ENNNN)

."'.r_..- -

Semipermenble
"?ﬁ ._I'I'IEJ:_:EIII'I!

f
_,_/r_./.r./;/.r.-"'.-"'f e,

(A) — _ZAB)

; Iklnllrrr_'EiﬂElm Details of the solution
of one of fhe two metallic blogks. and solvent compartment

g

Fig. 2.9. Schematic diagram of static équlllbrium osmometer

“Experiment : First, the two compartments_are filled with solvent_and the : suluuun of known

concentration. Due to the osmotic pre ssure, the solvent will stan passing through thc m:mbnm: to the
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solution side. So the liquid level in the capillary attached to the solution side will rise. This will continue
untl the hydrostatic pressure developed in the capillary due to the rise of solution level exactly balances
the osmotic pressure. Once the osmotic equilibrium is attained. the solvent stops entering the solution side,
Then, the height difference between the solution and the solvent levels in the two capillanes is measured.
This difference is known as the osmotic head. The same procedure is repeated with solutions of different
concentrations and the corresponding osmotic heads are measured. |

Theory : The van't Hoff eguation relating the osmotic pressure of a polymer solution with the molar

mass of the polymer is : ) =
‘ ! : | Tl
=RT|— +8:C+ ByC + ... | —
H" -

e ]

~la

.

The quantity %15 called reduced osmotic pressure and B2, B) elc. are the second, third vinal coefficients. If the

third term is n-eglamd. a graph of o/RTC versus C, extrapolated to C =0, gives the intercept on the n/RTC

' 1 ) . ol
axis as —, that is , LS. T O ot o 7% LT
= My —— b b 11-' o |
. 1 | r ‘rr..-.“' A ol
a8 i n RT n a2 i F o |
[E)’Tﬁ o (ch]";, L touldied
" - -—

il
From the intercept, the number-average molecular weight can be-caleulated.
The dement of this method is that since the diffusion of solvent through the mgmbrane is a_very
slow process, the time taken to attain equilibrium is very high.
~ (i) Dynamic Equilibrium Method :
T=—The high speed membrane osmometer (HSMO) 1s commonly used now-a-days, ILis a rapid method
and attains equilibrium within-3 to 7 minutes. There are two pans in this osmomeler. The_upper pant
Servo . =
motor ‘Amplifier
T
- ~N

1- T e

Membranc

‘
s N — Solvent
S —
Solvent Huhbl
Elevator reservair = Light
E D source

-~
Optical
detector
.

__~Flg. 2.10. Schematic diagram of essential components
s of @ high speed membrane osmometer i

/_/_,-
~

h
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