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ABSTRACT

The molecular weight distribution (mwd) characterization of polymers is routinely conducted in solution by Gel
Permeation Chromatography. The method however has some limitations. The GPC can resolve limited no. of peaks
within a short time scale of GPC run. Also the method does not give satisfactory results in high and ultralow
molecular weight range. In this article | propose an alternative method to extract the mwd and the polydispersity
index of a polymer sample by viscometric analysis of dilute solution of the given sample. The advantage of this
method is that it can be applied to multimodal distributions and can resolve large no. of peaks and is applicable

for all molecular weights. The method is also cheaper and can be performed in a usual undergraduate laboratory.
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I. INTRODUCTION

The molecular weight distribution is an important physical criteria which deeply influence the end use properties of
a polymer. The average molecular weight is tuned to a desired value to obtain the required properties. But often the
control on the average molecular weight is inadequate and one needs control over the entire molecular weight
distribution to get the desired result. The polydispersity index is a measure of the breadth of the polymer mwd but
is an in sufficient parameterization for complicated mwds. Sometimes the same value of PDI for two different
samples have entirely different properties. In certain situations, it is often desired to control the amount of polymers
in certain molecular weight ranges [1]. Thus properties like tensile strength , impact resistance and hardness the
finished product are closely related to the mwd of the constituent polymer material.

Viscometry is considered to be a reliable method to determine average molecular mass of a polymer when

dispersity data is not needed. The governing equation which relates the limiting viscosity [77]with the viscosity
averaged molecular mass is known as the Mark- Houwink-Sakurada (MHS) equation:

[7]=kMy
where k and a are constants for a given well-defined polymer-solvent-temperature system.
To get the mwd it is generally resorted to the standard method of Size Exclusion Chromatography (SEC) or Gel
Permeation Chromatography (GPC). SEC provides information on the molar mass distribution but it is not an easy
technique for aromatic polyesters due to their poor solubility in commonly used SEC eluents .In other cases the

refractive indexes of the polymer and the solvent are very close to each other (dn/dc ~ 5-10-2 mL.g-1) so

inaccuracies are observed. This is one of the reasons why the determination of molar mass by SEC with a refractive
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index or light scattering detector for some polymers is controversial in some specific solvents and errors estimated

in such cases is close to 50% [2].

The objective of the presented work is to develop a novel technique to extract the mwd from viscometric data
alone. As is recognized viscometry is one of the simplest technique for polymer characterization and is most easily
accessible. In this work the usual 2-dimentional viscometric data (Kinematic viscosity versus concentration) is
extended in the third dimension viz. temperature or polymer solvent system. With the extension of data points it
becomes possible to extract the standard deviation of the normal distribution which is introduced to model the real

time mwd of the polymer sample.

I.LEXPERIMENTAL AND CALCULATIONS

A solution of 1 gm in 100 ml of polystyrene in benzene was taken. An Ubbelohde viscometer with capillary
diameter 0.63 mm was purchased from SI Analytics ,Germany and SI Analytic automatic viscosity measurement
comprising of Xylem Analytic Viscoclock to measure the flow time with an accuracy of 0.1% was also purchased.
The solution viscosity was measured for four different concentration starting from 1gm in 100 ml to 0.2 gm in
100ml. The viscosity of pure benzene was also measured. These measurements were taken at two different
temperature viz: 30°C and 25°C. To maintain temperature the viscometer was kept in a Siskin Viscobath with a

stability of &= 0.01°C. The intrinsic viscosity was calculated by using Huggins and Kramer equations:

e = o))

Np =—"— (@3]

s .
[n]—kl[n]26=?" (Huggins)  (3)

In
[n]—kz[n]ZCz% (Kramer) (4)

where k1 and k2 are the Huggins and Kramer coefficients, respectively and C is the concentration of the polymer
solution in g/ml . For each sample 14/C and (In ny)/C were plotted against the concentration C (Huggins and
Kramer plots) and the intrinsic viscosity was obtained by extrapolating the plots to infinite dilution[3]. The

respective graph for 30°C and 25°C are shown below.
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Fig.1 Reduced and inherent viscosity —concentration curve for polystyrene in benzene at 30°C
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Fig.2 Reduced and inherent viscosity —concentration curve for polystyrene in benzene at 25°C

111. CALCULATION AND RESULT
The result of the experimentation on polystyrene in benzene is tabulated in the following table:

Polystyrene in Benzene At 30°C [771] At 25°C [772]

Intrinsic viscosity [77] 100 ml/gm 110 mi/gm

The viscosity averaged molecular mass is defined as:

jF(M_,a)M“adM
My =2 — )
jF(M o)MdM
0

Where F is the appropriate mwd with mean M and breadth o.
We model the given distribution by a normal distribution of unknown mean and breadth:
1 —(M =M)?
exp( >
\27o? 20

Then according to Mark Houwink Sakurada equation:

F(Mo)= ) (6)

j F(M )M ¥ dM
] =K = —— 7)
j F(M ,o)MdM

Where we have changed the limits of integration from (0 to infinity) to (—infinity to +infinity) as negative values of
x are not allowed as the molecular mass of a single chain cannot be negative.

From the above table:
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F(M,o)M*dM
[n] _k I

+00 - (8)
[772] 2 jF(M ,O-)M 1+a2dM

Where K, , @, are the value of the MHS constants at 30°C and K, @, at 25°C.

+00

Now consider the integral: j

NA\2
1 (M IZ/I ) )M l+adM
N 270°
It can be rewritten by change of variable X = (M —M)/\/EO'

exp (=x2)(v20x + M) 20dx )

_*j" 1
"N 270
Which on further rearrangement gives:

exp(—x2)(25) " (x + %)“a V20dx (10)
(o2

+00 1
'[o\/27z0'2
207 ¢ 2 v\l+a
=\/2_2 Iexp(—x )(X+Y) " dx (12)
0  —»

with Y = M

V2o

Pulling out Y we get:

2+a +®©
- 29 [oRxI0) L 2y ox (w2

N 270?

Since the normal distribution in the integral above had a standard deviation of the order one therefore vanishes

before x approaches Y in general |X| <<Y .Therefore one can Maclaurin expand up to second order.:

= 20" Texp( X )(Y)l+a(1+(1+ a)= X +a(a2+1)(Y) ) dx (13)

N 270?

Now it is possible to integrate:

_ 207 ( M ]M[\/; a(a+1) \/_
\/27r0 V2o 1 2Y 2

Equation (7) then becomes:

] k20'2+a[ M J“ 1 37, a(a+1)\/—
A2 V2o M 1 2Y

(14)

(15)
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Taking the log of equation (15)

In[7] = Ink +aln M + Inf1+ 2@+ a7

On further expansion of In(1+x) upto first order:

a(a+l

Y

The above equation will result in two equations one for each temperature. The system of two equations can be

In[7]=Ink+alnM + (18)

solved for two unknowns, Mand\? .

Below we tabulate the values of MHS constants of Polystyrene in Benzene at two temperatures:

MHS constants 30°C[4] 25°C[4]
k (mlig) 1.623x1072 1.13x102
a 0.695 0.73

Plugging in the numbers we get:

M =88787.39, M, = 283594.30 and o = 36780.19.

IV. CONCLUSION

It has been shown in this paper that viscometric measurements can determine the value of the breadth of the
molecular weight distribution along with the usual estimate of the viscosity averaged molecular weight. The
number average molecular weight can also be calculated from the above method and a succinct expression relating
the number averaged molecular weight and viscosity averaged molecular weight is derived.
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