\KO  po YMIE B JNen

binary mixtures, comprining the solvent up Non-yo|
ention, 1 should be noted that the mixture ‘“Wing”‘ vent iy Meryy
to-non-solvent ratio will have the loast solyep p:,:,* lf,» i
having the hughest ratio will have the highest “"IVNZ, .
the binary mixture of the lowest solveni power |y :“-’,dc:nwm N,,,'
dered polymer sample. The polymer in allowed 10 gw ,l” e
then the entire content in stirred well 1o enhance (e p,? “fully g
wolution of the lowest molecular weight species in the 4 oM of
Depending on the quantity of the polymer tuken, the 4,

should be adjusted to achieve the complete dissolution (}’flnﬂ, timg
soluble components. At this stage, the stirring is stopped lh:“ o
tion filtered off and the filtrato collected. The first fmcti(,’n i r’::‘lu.
vored by completely evaporating the solvent from the filtrage ‘:r(,*
the swollen mass left undissolved by the first lot of the bi;mar;
mixture (i.e., to the solid obtained by filtration), the binary mixture
with the next higher solvent power is added and stirred and the
whole process repeated till the second fraction is recovered. In this
way, by successive dissolution with binary mixtures of increasing
solvent powers, a serics of fractions with increasing average mole-

cular weights can be separated.

i,
lvent ixtyp,

13.3.3 Gradient Elution Technique

The gradient elution technique too works on the partial dissolut.io'n
principle explained above. In this technique, the polymer is precip
tated on glass wool packed at the top of a column filled with silica
or alumina, as shown in Fig. 13.4. The polymer is eluted succed
sively with solvent/non-solvent mixtures of increasing solvent po¥er:
The lowest molecular weight fraction will be eluted first and t:‘
highest one will emerge last from the column. The cmci@cy f’f th:
method is increased by maintaining a temperature gf adient I ;u
column. The upper end of the column is kept at 2 sligbﬂ)’ hig .
temperature than the lower end. The temperature gradient maj i
each molecular species undergo 4 series of dissolutions and pffctpc
tations at different levels of the column and, hence, improves
efficicncy of fractionation.

13.3.4 Gel Permeation Chromotographic Technique ;4
A rather quick and efficient method for polymer f,acg;onaf'“n urve
simultaneous computation of the molecular weight distribq!l"“ )

‘s pruvided by the gel permeation chromotography (GPC)
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different porosity grades, i.e., having a pore size ranging g
to 1,000 A. The column can be packed either with gel g Orn §p
same pore size or with beads of different porosities. Wh::ds of
column is filled with a suitable solvent, the solvent o th'e
only the free volume between the beads (void volume) bUtuples
volume of the pores (pore volume) inside the gel beads. The
phase occupying the void volume acts as the mobile phaseso]ve'nt
that occupying the pore volume acts as the stationary Phas,e ‘("lil}le
ig

13.5).

1ot |
alsg the

) N\
_:?: Stationary phage
3" (pore volume)

Mobile phase éﬁ A

(void volume) "\,

Fig. 13.5 Schematic diagram showing gel beads, the pore
volume and void volume in a GPC columr.

The GPC operates on the principle that polymer molecules in
solution separate according to their size and not chemical interaction
or.chemical retention. The separation is based on the differenc: in
the hydrodynamic volumes of polymer molecules of varying mole
cular weights, in their dissolved state. When a dilute solution (58}
0.5% concentration) of the polymer sample in a suitable solvent s
injected at the top of the columa and the column s eluted with the
solvent, the polymer solution along with the solvent starts stre®”
ing down the column. The mobile phase around the gel beads'nO‘W
contains polymer molecules, wheieas the stationary phase Wld:"f
the gel beads does not contain any. Due to this difference 0 Pg:s/.
mer concentration between the mobile and the stationary hé
the polymer molecules start diffusing into the stationary lecvl®
as to equalise the concentration. Athough all the polymer mor o
try to enter the pore volume, the pore size restricts the cﬂo en®”
allows molecules up to a certain hydrodynamic size only ente”’
ic pores. Molecules of bigger size are thus excluded” froﬂ:lt.
ing the pores and are washed down the column by the 501"

P otcgfaphy'
Lor this reason, GPC is also termed size exciusion chrom
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nest olecular weight fraction therefore elutes out of the col

. | ' (

l]]%( mong the molc?:cules that can enter the pores the 1) l‘mm_

job tar weight sp2C1eS, due to their lowest hydmdynamic):‘J'iSt
ize,

molcc“‘: - diffuse faster into the pores and. h
srcﬂamu ‘art of the pore volume: while thc;sccgt;e;n(chupy ‘lhc
it " giffuse slowly and are able to occupy oxily. i, past O?-tr}r::dx?tc
e. As the column is eluted further with a pure s:)lvempt)lr)ee
i hase becomes devoid of polymer molecules, whereas: the
i y phase contains a large quantity. This difference in con-
. drives the polymer molecules in the opposite direction
w start diffusing out of the pores. In this diffusion proces;
. and out of the pore volume), the smallest molecular weight
species are retained in the column for the maximum period and,

pence, €lute last. The molecules of intermediate sizes elute in bet-

ween.
If we denote the pore volume by V, and the void volume by Ve

hen the largest molecules, which are totally excluded from the
pores, elute out of the column when 2 solvent volume equal to Vo
elutes out after the injection of the sample. The smallest molecules
which permeate the maximum volume of the pores elute out at a
volume of (Vo + V). The intermediate size molecules elute between
Vyand (Vo + Vo)- Hence, the elution volume Jirectiy givesan esti-

mate of the molecular size. In practice, however, BO attempt 18
alibration curves 1n the form

made to actually compate V,or Ve C .

of log M versus elution volume VE ng a series o
‘standards’ of known molecular weights and narro
weight distribution. Chromotograrne of these s(andar‘d.s
the elution volume corresponding to the peak positi
obtained for each «standard’ sample (Fig 13.6) 15 read.

knowledge of the molcCular weig

urve
corresponding elution volume (€€ Table 13:2). 2 cihbf:i‘t'%';b@n
of log M against Vg is dra¥n (Fig. 13-7)- e pcahsP provided the
bration method has beeD found 10 give reliable TEH (ribution (1-€
Standards used are of narrow olecular V¢ h-‘ f:\c; «d’ and the
MM, < 12) and the chemical tyPes =
Sample are th ol

e same. y columns
. . ' r & 3
One for |njcc(|ng the Samplc a bo(:;] the Colun\n\' s d\ﬂCfCﬂ“‘\
y difference

colum

n. sthl’OUg - > >

rofir. The solvent elutes =" —. the refractive inde
actometer is used 1°
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Fig. 13.6 Gel permeation chromotograms of a number of «
Polystyrer}e samples showing elution volumes co:rt;ndard
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Table 13.2 GPC data for calibration standardg

in toluene solutions at 25°C* (ml”tYre

Te)

Polystyrene - —  Average molecular _ Elution yg;
standards, weight of t_lle log A1 Ponding (g (hem Cig
serial no. standard, M/ Ve (nu;tand“d.
1 450,000 5,553%
2 240,000 5.3802 33,00
3 100,000 5.0000 34,80
4 50,000 4,6990 %.00
5 19,000 4 2788 38.00
6 9,000 3.9542 40.00
7 4,000 3.6021 41.5
8 2,000 3.3010 43.10
- T

*Data computed from Fig. 13.6.

between the polymer solution and the pure solvent eluting out of
the sample and reference columns, respectively. This refractive index
difference directly gives the concentration of the polymer being
eluted at different elution volumes. From a kanowledge of elution
volume and refractive index and by comparison with the calibra-
tion curve, we can directly get the weight and the molecular weigh
of different fractions eluting at different elution volumes. Inthe
case of completely automated equipments, th: data are processed
and recorded in the form of a plot of elution volume versus recor-
der output of the differential refractometer. The elution volumt
corresponds to the molecular weight and the recorder output to the
weight concentration of the: polymer. This plot directly gives the
molecular weight distribution. Such a distribution curve for
polystyrene sample is given in Fig. 13.9. This curve can alsobe
used to find out the M, and M, values of the polymer sample
now ex.plained. From the curve, the heights (%) of the recorder out-
put axis corresponding to different elution volumes (Vg) are read
and from the calibration curve, molecular weights correspondiné
to these elution volumes are noted. The valyes are tabulated ¥
shown in Table 13.3. The height of the curve in Fig. 13.9 at a0’
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Pressi®’
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. yolume 15 2 measure of the concentration of mole-

Jution
onding molecular weight, This height A can

parti‘?“la
he cofT esp
M, and the molecular weight M to M, of

yated to 7 M
ve come 4cross in Chapter 3. The My

perefor® :
‘ equatlons we ha
Je can be calcu]ated as follows.

dM
a8l ™ rable 13.3, we have
M) X 18= 16.2107 and E(h-M) = 29,552,925

sh= 52.
NoWs
an p> ’452.40><10’=
| "E(/M)’ 152107 27,907(or,say)
' 2,000

y  shM) - 29,552,988 =653
=~ 45140
(or, 58Y) 65,500
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Table 13.3 GPC data for a Polystyrene Samples

Elution Recorder out-
volume, Vg put height, A Wejéht' (h[M) x 10
(ml) (mm) (mm) (hey
(g
T =
31,5 0.5 500,000 W0
32,0 3.0 395,000 00075 1 1aggy
325 6.0 310,000 0.0193 1500
33.0 9.5 240,000 0.0395 2284
33.5 14.0 190,000 0.0736 2650
34.0 19.0 150,000 0.1266 2850
34.5 2.5 120,000 0.2041 2,940,000
35.0 30.0 94,000 03190 282000
35.5 35.0 74,000 0.4729 2,599,00
36.0 385 58,000 0.6637 2,233,000
36.25 39.0 52,000 0.7500  2,028%%
’6.5 38.75 45,500 0.8516 176318
310 36.75 36,000 1.0208 13200
375 3.5 29,000 risst oW
38.0 29,0 22,500 1.2888 24
= 25.0 17,500 14285 4
20 209 14,000 1.4928 o
39.5 16.5 11,000 1 5000 181,500
100 3.0 8,600 1.5116 1180
40.5 1.0 . . 74,800
48,600

B
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