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Summary:Cellulose acetate obtained from Ravi Rayon Ltd. was fractiomated into

nine different fractions by fractional

precipitation using acetone as a

solvent and water as a precipitant. For fractional precipitation, an appara-
tus is designed which gave better results. Using light scattering and visco-
metry methods, the relationship between moelcular weight and refractive index

increment, second virial

coefficient, radius of gyration and viscosity is

developed. The integral and differential molecular weight distribution curves

are also pliotted.
Introduction

The properties of polymers depend
not only on molecular weight, its dis-
tribution but also on irregularities of
chain structure etc. These are related
to polymer molecular weight by a
general equation [1]

P = KM?

where P is the property of polymer
having molecular weight M, related
through the constants K and a. For
multivariables this equation can be
written as:

m
P =Aig

Vaii
where 7 is the sign of product; a is
constant Vi is the ith variable and a;

the exponent of ith variable.

The most frequent method for experi-
mental determination of the distribution
of molecular weight in a high polymer
sample requires fractionation as nearly
homogeneous as possible with respect
to their molecular weight. The sample
should be separated into completely
homogeneous fractions by which

weights and molecular weight distribu-
tion curves could be constructed. In
practice, it is difficut to acheive this
degree of separation. As a result it
becomes necessary to reconstruct dis-
tribution curves from weights and
average molecular weights from more
or less homogeneous fractions. To
effect this reconstruction, it is common
practice to make use of the "integral
weight distribution curve". None-
theless, the frequency distribution
curve is a discontinuous functions,
that is defined only for integral values
of degree of polymerization P. It can
be written as a continuous function
np (p), if the average degree of poly-
merization is large. Under this condi-
tion P is for fractional purpose, a
continuous variable. the np (p) should

be equal to the number of moles of
poelymer whose degree of polymerization
lies between p and p+dp, thus

dn = n (b)) dp ————e
n np (p) dp

A similar equation can be written for

“ (p) = Mpnp(P)
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h M = M, n_and®_ are known
where M, = p p

as the diferential frequency and
weight distribution curves. If we

define @ (p) as the "integral weight
distribution curve" &(p) represents
the total weight of polymer whose
degree of polymerization is less than
or equal to p. Clearly.

0
2 (p) =0 p(t) dt.

where t is a dummy variable ; @ (p)
and ¢, (p) are related by
d&(p /dp = ‘”p (p) -——= (3)

Thus, if 2 (p) is known as a function
of p, wp (p) and np (p} can be

determined [2,3] from equation (2) and

(3).

As fractional precipitation method
gives reliable results and does not
require any sophisticated instrument
[2], so we have used this method to
get different fractions of polymers with
respect to molecular weight. Though
a number of research workers [4-8]
have already used this method, to find
the molecular weight viscosity relation-
ship, but they have used osmometry
to find the molecular weight of the
fractions, moreover the molecular
weight distribution curve is not cons-
tructed. Therefore in this work, we
are going to draw moelcular weight
distribution curve and develop the
relation between molecular weight,
refractive index increment, second
virial coefficient, radius of gyration
and viscosity, using light scattering
technique and viscometry.

Experimental

The apparatus designed for fractio-
nal precipitation is schematically shown
in figure 1. It is a double walled glass
vessel (A,B) closed to air by water
seal (D). (J) is the holder of the

stainless steel stirrer (C), by the
rotation of which the contents of the
vessel are stirred. The solution of
the polymer can be put in the vessel
through stopcock (E). The tempera-
ture of the contents of the vessel can
be controlled by circulating water from
a thermostate through the jacket. The
precipitant was added through stop-
cock (F). The precipitated or separa-
ted material was taken out through
another stopcock (G). All the stopcock
used were of glass. The capacity of
the inner vessel was 4.5 litres.
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Fig.l: Schematic representation of the

apparatus used for the fractional precipita-
tion..

Fractionation

For this purpose, granules of cellu-
lose acetate* (supplied by Ravi Rayon
Ltd. Lahore, Pakistan) was used as
a solute, acetone as a solvent and
water as a precipitant. To determine
suitable concentration of cellulose

*
Degree of substitution is 2.4
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acetate for fractionation, three diffe-
rept concentrations (0.5, 0.75 and
1.0%) were employed. The solid gra-
nules were dissclved in acetone. That
solution was further diluted to the
required concentration. From prelimi-
nary screening, only 0.75% proved to
be more suitable for fractional precipi-
tation,

Procedure

Firstly 0.75% solution of cellulose
acetate in acetone was introduced in
the fractionating wvessel (Fig.1)
through stopcock (E) then the tempe-
rature of the system was brought at
31°C by water circulation. The preci-
pitant was added drop by drop through
the inlet (F) and vigorous stirring
was carried out simultaneously. The
precipitant was added until the mixture
appeared to be densely cloudy. The
temperature of the contents of the
vessel was then raised to such a
degree that the cloudiness of the solu-
tion disappeared. Normally 10-15°C
above the bath temperature was suffi-
cient, The solution was slowly cooled
down at 31°C % 0.01° to allow the
polymer for precipitation; the stirring
was stopped and reprecipitated poly-
mer was allowed to settle for 24 hours.
In this case the precipitate was a
moderately viscous solution that could
be drained in the receiver by opening
the stopcock (G). The stopcock was
closed after the last portion of the
fraction had passed through it. Thus
preventing the supernatant liquid from
draining through. This liquid was
again subjected to the same procedure
until no precipitation occured. The
fractionated material was again subjec-
ted to the same fractionating procedure
to obtain more homogeneous fractions.
The different fractions obtained in this
way were dried under vacuum at room

temperature to avoid change in the
structure and molecular weight during

drying. After complete drying of
samples (by drying wupto constant
weight), the weight of the samples

was noted and redissolved in acetone
for further studies.

Refractometry

A Brice Phoenic Differential Refrac-
tometer, supplied by Phoenix Precision
Inc. Co. was used to measure refrac-
tive index increment (dn/dec) of every
fraction. The apparatus employed a
partitioned, stoppered cell and a pre-
cision of * 2.10 6 refractive index
units. The cell is housed in a thermo-
state with % 0.02°C fluctuations in tem-
perature. The instrument is equipped
for measurements with light of wave
lengths 436 nm and 546 nm. 1% solution
was normally employed to determine
dn/dc at the temperature of 25°C.

Light Scattering

For light scattering measurements,
Brice Phoenix light scattering photo-
meter model DM 2000 was used, in
which the light detectors and measu-
ring system were replaced by Photo-
volt Corporation, New York. This
alteration made the calculations easily.
The instrument is equipped for use
with incident radiations for 436 nm
and 456 nm but only 546 nm wave
length of light was used for all the
measurements. The scattering cell
which fitted with air tight cap was
thermostated by circulating the water
at required temperature through the
jacket.

To determined the molecular weight,
second virial coefficient tand radius
of gyration by light scattering, the
following usual equations were used:
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lim K¢ = RKC =1 /M (1+2BC+ ----)----(4a)
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Fig.2: Depdence of refractive index increment on molecular weight of fractionated

acetate measured by using light of {0} 436 nm and {0) 546 nm wave length.

Here K denotes K (dnlclc)2 and K is
a numerical constant at a given wave

length. of
Kc!R(O’C)against Sin2/2 at a given

For analysis, plots

concentration were extrapolated tog-
0 to obtain Kc/R(e cywere analysed

IR
RO = @ 90 {benzene)

with equation (4a). Similarly the
values of Kc/R(e o)Wwere obtained by

extrapolated to zero concentration at
a given angle and analysis was made
by equation (4b). The Raleigh ratios
(Ro) were calculated by using equation
(5) given by Gruber et al. [9].

(I + CoszC»SinC)flgo (benzene)----(5)
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where Ielgo(benzene)and R90(benzene)

are the scattered light intensity at
an angle; scattered light intensity by
benzene at 90° angle and Raleight ratio
for benzene, measured at 90° angle
respectively.

Viscometry

The Ostwald viscometer supplied
by Gallenkamp was used for all visco-
metrical measurements. Viscometer was
immersed in a bath at constant tempe-
rature (25°C * 0.02°). Data on five
concentrations were plotted by using
the relation [10] given below.

M Jje=M]+k[M° ¢ 4 cmmoommoees
sp

to obtain [n] from the intcepts. Here
Nop™ Npe™! @nd np o =2tl20 t, where
4 and EO are the flow times of solutions

and solvent respectively; % and 24
are the density of solution and solvent
respectively.

Results and Discussion

We have tried to correlate the change
in refractive index increment with the
change in molecular weight. The
results show that first the refractive
index increment increases as the mole-
cular weight of the polymer (Fig. 2).
When the molecular weight is suffi-
ciently high the curve starts bending
towards the molecular weight axes and
ultimately it becomes parallel. This
" shows that the refractive index incre-
ment is not only a function of molecular
weight but also of other parameters
like interactions, structure of the
polymer, ete. [11]. Such type of
dependence is also observed by other
scientists {12], moreover the values
of & n/ic obtained for a few fractions
of the same system [13] also fall on
these curves. To find more clear rela-

tion between A nfAc and molecular
weight, M( An/c) is also plotted
against M. in figure 2. This figure
shows that in this way one gets a
straight line and the refractive index
increment can be related to the mole-
cular weight of the polymer through
a linear relation given below:

M(B!'I/C)'2 =g 4 bM —eemeemmeee (6)
, o
(An/c)S = a/M = b =-------mn- (7)

where a and b are constants depending
upon solute, solvent, temperature and
pressure of the system.

The molecular weight, second virial
coefficient and radius of gyration of
every sample (fraction) is calculated
from light scattering data using equa-
tion (4), that is Zimm plots method.
The gradual change in the shape of
the Zimm plots was observed by the
change of fraction number that is mole-
cular weight. This may be due to the
change in shape of the polymer by
the change in molecular weight. From
these observations and from the
results obtained for radius of gyration
and molecular weight, it is easy to
conclude that the shape of the polymer
changes from rod-like to coil-like mole-
cules (the rigidity of the molecules
decreases) when molecular weight of
the polymer increases. Such type of
conclusions were also drawn by Stein
and Doty [13]. The radius of gyration
increases linearly as the molecular
weight increases and it is plotted in
fig.3.

This figure shows that the values
for all fractions except few fall on
the line. The log of second wvirial
coefficient is also plotted against log
of molecular weight in the same figure
(fig. 3). From such type of depen-
dence it can be concluded that the
intramolecular interactions which effect
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Fig.3: Dependence of radius of gyration and second virial coefficient on molecular weight

of fractionated cellulose acetate.

chain dimensions are negligible in all
cases, that is the excluded volume
effect is small. Such type of depen-
dence is usually observed in case of
good solute solvent system [11]. The
relation between radius of gyration and
molecular weight as calculated from
figure (3) is below:

2. 172

(51 172 2 312107 + 145107 M —oee (8)

As radius of gyration is dependent
upen different parameters like tempe-
rature, pressure, inter and intramole-
cular interactions etc, so this equation
is valid only for this system and under
above mentioned conditions. The log
of second virial coefficient decreases
as the log of the molecular weight

(fig. 3). This dependence is as one
expects from the equation (9) given
by [11}].

B= (2/3)%/ %1 N, o3 B3 3 /(M03/2 M/

Here vy is the empirical parameter
which relates the radius of gyration
to the radius of equivalent solid
sphere. B is a constant and indepen-
dent of molecular weight;o is also a
constant, o and o both increase as
the molecular weight increases. Mg
is the molecular weight of unimer of
the polymer having molecualr weight
M; N, is the Avogadro number; More-
over results obtained by [13] also fall
on the same plot. The second virial
coefficient is the parameter depending
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upon the interactions of the system.
The polymer having lower molecular
weight will be easily soluble than with
higher molecular weight. This means
that the polymer with lower molecular
weight will interact more with the
solvent than the others and hence high
second virial coefficient and vice
versa. From such type of depdence,
the equation obtained is given below:

log B= - 2,62 - 0.66 log M

As in other cases the constants
are dependent upon different para-
meters like temperature, pressure,
solvent and soclute etc.

The viscosity of every fraction is
measured at 25°C for five different
concentrations. From this data the
relative and specific viscosity is calcu-
lated and plotted against concentration

to find intrinsic viscosity of every
fractionated sample. Log of intrinsic
viscosity was plotted against log M,
the M. Houwink constants (k,x) were
determined from the slope and inter-
cept of that curve. In this way the
relation between molecular weight and
intrinsic viscosity is established and
is given below:

4 .
[n] = 1,42 x 10 M

Results showed that log [n ] is
linearly dependent upon log M. This
means that the samples are well frac-
tionated and they are almost homoge-
neous [14] with respect to their mole-
cular weight. To varify this equation,
the molecular weight of the same un-
fractionated sample is determined by
light scattering and viscosity, using
equation obtained by us (equt.11) and
relation already available in the litera-
ture [14]. The degree of dispersity

Table-1: Percentage of the fractionated samples as obtained by
fractional precipitation and 1 (pn) values for them,

Fraction Degree of Percent weight of I{p ) x 102
No. Polymerization different fraction "
9 86 0.4 0.2
8 95 3.6 2.2
7 113 9.0 8.5
6 176 0.5 13.2
5 220 16.3 21.7
4 265 10.6 35.1
3 433 30.3 55.6
2 471 23.1 82.3
1 600 6.2 97.1
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Fig.4: Integral and differential molecular

tional precipitation.

is calculated by using this data and
the results obtained by using the
equations [11,15] given below:

The results show, that the relation
developed by us (equation (11)) gives
more accurate and reliable results.

To draw integral and differential
molecular weight distribution curves,
the I(Pn) values are calculated from

the primary data of different fractions

300

400 500 600

weight distribution curves as obtained by frac-

obtained. These values are given in
Table-1 and are plotted in figure 4,
against degree of polymerization (p),
and is called "integral curve". From
this curve the H(pn) values are calcu-

lated and plotted against degree of
polymerization in the same figure. Both
these curves shows that the polymer
molecules having molecular weight
higher or smaller have low probability.
The polymer molecules with molecular
weight equal to about 250xM0 have

maximum probability.

These curves also show that, though
the probability of large molecules is
very low, but it does not reach to a
value of zero, moreover this distribu-
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tion follows the patern of linear poly-
mers [16].
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