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Determination of Intrinsic Viscosity of Polymer Solutions
by a Simple Viscosity Determination

O. F. SOLOMON and I. Z. CIUT

Institute of Chemical Research, Bucharest, Romania

In order to determine the intrinsic viscosity of polymer
solutions, the specific viscosity is measured for a few values
of the concentration , and the plot of the diagram is
then extrapolated with respect to , at zero concentration.

However, this method, while accurate, is not practical as it
requires the determination of viscosity for at least three
concentrations of solutions. For this reason, faster methods
have been sought which allow the intrinsic viscosity to be
determined by a simple viscosity determination.

There are a number of empirical equations that show how
intrinsic viscosity varies as a function of the concentration
c of the solution, e.g., Huggins’ equation1:

 (1)

or Schultz and Blaschke’s equation2:

(2)

However, the latter is unsatisfactory because the constant ,
while independent of the intrinsic viscosity for a particular
polymer-good solvent system at a given temperature, is
constant only within a limited range of specific viscosity.

Govaerts and Smets4 propose replacing with .
Hart3 discusses Govaerts and Smets’ equation and shows that 

is a unique function of specific viscosity to high specific
viscosity values when a good solvent is used, and that
depends little on intrinsic viscosity when a bad solvent is used.

Kraemer’s equation5 is also known:

 (3)

or the graphical method proposed by Hart3 which uses the
equation:

(4)

All these equations solve the problem of determining the
intrinsic viscosity by a simple determination of viscosity,
knowing a constant that depends on the polymer-solvent
system considered.

By studying the molecular weights of various solutions6 of cis-
1,4-polyisoprene rubber, which required the determination of
a large number of intrinsic viscosities, by extrapolating the
plot of the diagram with respect to we arrived at the
equation:

(5)

where = intrinsic viscosity, = specific viscosity, =
relative viscosity, and = concentration of the solution in
g/100 ml.

This equation makes it possible to obtain intrinsic viscosity
values by a simple viscosity determination without using a
constant that also depends on the polymer-solvent system.

It may be shown that the proposed equation is indeed
significant for intrinsic viscosity, i.e. it represents effectively

. Indeed, if is expanded in series one
obtains:

If the first three terms are used, the following ones may be
ignored because, for small concentrations, has values less
than 1—it follows that by replacing in the radical with
series expansion:

HONEYWELL Ex. 1022, Page 1 of 9 
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.

IPR2024-00493



684 O. F. SOLOMON AND I. Z. CIUTA

TABLE I

Polymer-solvent system
meth.

graph.
calculated

by eq. (5) Bibliographic index
Graft copolymers of

synthetic rubber
in toluene

Symposium Macromol.
Milan-Torino,
1954, p. 284 0

0.02
0.01

Polyethylene fraction
in p-xylene 0.54 0.52 J. Polymer Sci., 23, 887 (1957) 0.02

Polystyrene in
toluene 1.03 1.04

Makromol. Chem., 35, 78
(1960) 0.01

Polystyrene in
benzene 1.09 1.10

Makromol. Chem., 35, 78 
(1960) 0.01

Cellulose J. Polymer Sci., 32, 64 (1958) 0.02
0.06

Polystyrene in MEKa 0.82 0.85 J. Polymer Sci., 17, 1 (1955) 0.03

Polystyrene in
toluene 1.48 1.51 J. Polymer Sci., 17, 1 (1955) 0.03

Cis-1,4-polyisoprene
rubber

Exp. 4
" 3
" 22
" 5
" 15

1.80
1.95
1.40
2.20
1.11

Our study 0.02
0.03
0.02
0.03
0.005

a MEK = methyl ethyl ketone.

TABLE II

Polymer-solvent system , graph. Conc, % ,
calculated

Bibliographic index

Graft copolymers of
synthetic rubber in
toluene 0.80

0.80
0.80
1.51
1.51
1.51
1.16
1.16
1.16

0.2
0.4
0.6
0.2
0.4
0.6
0.2
0.4
0.6

0.806
0.80
0.81
1.55
1.54
1.53
1.15
1.14
1.19

Symposium Macromol.,
Milan-Torino,
1954, p. 287

Cis-1,4-polyisoprene rubber Our study
Exp. 22 1.40

1.40
1.40

0.228
0.456
0.626

1.38
1.35
1.30

Exp. 5 2.20
2.20
2.20

0.26
0.53
0.74

2.17
2.15
2.05

Exp. 15 1.10
1.10
1.10

0.232
0.464
0.632

1.110
1.113
1.118

Exp. 3 1.95
1.95
1.95

0.284
0.568
0.748

1.95
1.91
1.94

(continued)
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TABLE II (continued)

Polymer-solvent system , graph. Conc, % ,
calculated

Bibliographic index

Cellulose
1.32
1.32
1.32

0.19
0.285
0.38

1.34
1.35
1.38

J. Polymer Sci., 32, 64 (1958)

Polystyrene in toluene
1.48
1.48
1.48

0.2
0.4
0.6

1.51
1.48
1.47

J. Polymer Sci., 17, 1 (1955)

Polystyrene in MEKa

0.82
0.82
0.82

0.2
0.4
0.6

0.83
0.85
0.85

J. Polymer Sci., 17, 1 (1955)

Polyethylene in p-xylene
0.54
0.54
0.54
0.54

0.22
0.44
0.29
0.88

0.56
0.52
0.525
0.49

J. Polymer Sci., 23, 887 (1957)

a MEK = methyl ethyl ketone.

formula (5) thus becomes:

(5)'

When , , so the second term of the
radical disappears and we have, at the limit:

that is to say, the expression of the intrinsic viscosity.

The equation (5), proposed by us, has been verified in many
cases by recalculating a large part of the intrinsic viscosities
obtained by applying the extrapolation method in the case of
the polyisoprene rubber solutions studied, and in the case of
other polymer-good solvent or polymer-bad solvent systems,
for which data have been extracted from the scientific
literature.

The intrinsic viscosity values obtained by the formula we have
proposed and the values obtained by the extrapolation method
are given in Table I.

If the points on the diagram are not exactly on a straight line,
the plot of the line, which by extrapolation gives the value of
[n], is then subjective and it is possible that the differences
observed between the values we have obtained by calculation
and those obtained by extrapolation are due to this cause.

It is recommended for the concentration of the working
solution to be around 0.2% because in this case the association
effects of the macromolecules are reduced and we are thus
within the assumptions made for the equation (5).

In order to illustrate our claims, we have calculated the value
of for three different concentrations of the same system
using the formula (5), the values obtained for at
concentrations of around 0.2% being generally the closest to
the values obtained by extrapolation.

These values are shown in Table II.

As may be seen from the data presented, the values
calculated using the formula (5) are consistent with those
obtained by extrapolation.

In cases where numerous determinations of intrinsic viscosity
are required, the use of the formula (5) is appropriate.
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Synopsis

By studying the molecular weights of various solutions of cis-
1,4-polyisoprene the authors arrived at the formula 

, which allowed the calculation of the 
intrinsic viscosity of the polymer solutions by a single viscosity 
determination. The formula was veri ed for different systems 
of polymer-solvent and the values are in accord with those 
obtained by extrapolation. An operating concentration of about 
0.2% is recommended.

Résumé

En étudiant les poids moléculaires du cis-1,4-polyisoprêne les 
auteurs ont établi la formule: avec 
la quelle on peut calculé la viscosité intrinsèque d’une seule 
détermination.  La formula a été vérifiée pour différents 
systèmes polymèrs-solvants. Les valeurs obtenues pour aux 
concentrations autour de 0,2% étant en concordance avec les 
valeurs obtenues par extrapolation.

Zusammenfassung

Die Verfasser studierten die molekularen Gewichte des cis-1,4-
Polyisoprens und stellten die Formel: 

mit deren Hilfe man die Viskositätszalil 
mittles einer einzigen Bestimmung erhalten kann, fest. Diese 
Formel wurde für verschiedene Systeme Polymere-
Lösungsmittel geprüft. Die erhaltenen Resultate stimmen mit 
den enigen durch Extrapolierung erhaltenen überein. Man 
schäg eine Arbeitskonzentration von ungf. 0,2% vor.

Received June 25, 1961
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