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ESKIL HULTIN

Biokemiska Institutet, Stockholms Hégskola, Stockholm, Sweden

he viscosity of solutions of polymeric homologous substances has been
the object of much interest during the last few decades, and many formulas
have been suggested. A review of this subject has recently been made by

Ewart ! to which the reader is referred.
As early as 1887 Arrhenius 2 put forward a formula giving the relationship
between the relative viscosity 7, of a solution and the concentration ¢ of the

solute. We may write it in the following form

n, = A° (1)

where 4 is a constant.
Berl and Biitler ® found that the logarithmic form
log 7, = Kc (2)
where K is a constant, was applicable to solutions of starch nitrates.

Staudinger and Heuer ¢ found that there exists a simple relationship
between viscosity, solute concentration and molecular weight, valid for dilute

solutions:
Nep = chgmM (3)

where 7,, = the specific viscosity,
¢,» = the concentration in basic moles per litre,
K, = the viscosity-molecular weight constant, and

M = the molecular weight.
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Staudinger 5 also called attsntion to the fact that the constant in equation
(2) is proportional to the molecular weight, and Hess and Sakurada ¢ showed
that Staudinger’s formula (equation 3) can be regarded as the first approxima-
tion of the logarithmic formula, if natural logarithms are used, i. e.

In
lim 2% — lim —¥ (4)
c=»0 c c—>0 c
The formula
In 9, =K,c,M (5)

will be referred to here as the modified Arrhenius-Staudinger formula *,

When the viscosity is used for the determination of molecular weights
and for the characterization of depolymerization processes, it must be ob-
served that the limes value (4) is the value required. By increasing concen-
tration, the values of (In 7,)/c generally differ less from the limes value than
do the values of 7,,/c, and values of (In 7,)/c can frequently be used instead
of the corresponding limes values. If necessary, a calculation of the limes
value may be performed by Mead and Fuoss’s method °, who give the formula

In 5, ‘
— =[] —Blne (6)
where [n] = the intrinsic viscosity 1°, and
p = a constant, which is characteristic for the solute.

The present author!! has previously deduced ** a formula for the viscosi-
metric assay of enzymic activity:

1
d—

— 2. st (7)
*ode

where A = the activity of the enzyme in the reaction mixture,
¢, = the concentration of the substrate in grams per gram of solution
in the reaction mixture, and
t = the time in seconds.

* There are two logarithmic expressions for viscosity which are sometimes confused, es-
pecially as both may be written log n/c. One is (log %,)/c, discussed above, and the other is log
(nsplc), proposed by Bungenberg de Jong, Kruyt and Lens? and extensively used by
Staudinger &8,

** The equation (5) in that paper inludes an approximation: the number of basic molecu-
les N is substituted for the number oflinkages actually present between the basic molecules.
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The deductioi was based on Staudinger’s formula (equation 8). If,
however, we apply the modified Arrhenius-Staudinger formula (equation 5),
we get

P
dt

The present author!? has recently deduced some equations for the rate
constant k of the depolymerization of high-polymer substances and for the
degree of depolymerization a. These equations are also based on Staudinger’s
formula, and the same arguments can be applied as to the enzyme assay. In
cases where the modified Arrhenius-Staudinger formula is valid, we thus get
the following equations, corresponding to the equations (8), (10), and (13)
in that article respectively:

d
In #, 9
k= 2K, 0o My — (%)
1
k= 2K, M, "M (10)
; .
1
a = 2chgmM0 m; (11)

The functions c/s,, and c/Inz, are thus of special interest for substances
for which Staudinger’s formula and the modified Arrhenius-Staudinger for-
mula are valid respectively.

If the expression 1/y,, is used in those cases where the expression 1/Iny,
would be correct, we get appreciable deviations at high viscosities, especially
in calculations of molecular weights, and polymerization and depolymerization
degrees. In calculations of enzymic activity and rate constants, however,
where the derivative is considered, the error is less disturbing, as the depoly-
merization is carried out for a period when 1/z,, is practically a linear function
of the time. The curve 1/y,, has one asymptote, since

, 1 1
lim ( — —~~) = (12)
Inn o In /e nsp

and both the curve and the asymptote are given in Fig. 1.
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0 / Fig. 1. 1fns, as a function of 1/ln n,.
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SUMMARY

1. The modified Arrhenius-Staudinger formula In 5, = K,c,.M, where
7, = the relative viscosity, K, = the viscosity-molecular weight constant,
¢,n = the concentration in basic moles per litre, and M = the molecular
weight, is used for the deduction of formulas for the assay of enzymic activity
and the determination of rate constants.

2. For the enzymic activity A, the following formula is given: 4 =
¢} - d(1/ln 5,)/dt, where ¢, = the substrate concentration in grams per gram
of solution, and ¢ = the time in seconds.

3. For the rate constant %k, the following formula is given:
k= 2K,c,M,-d(1/ln ,)/dt, where M, = the basic molecular weight.

4. For the degree of depolymerization a, the following approximative
formula is given: a = 2K,c,,My/In 7,.

This investigation was financially supported by Statens Naturvetenskapliga Forsk-
ningsrdd. The English translation was revised by Mrs William Cameron. For this help
I wish to express my cordial thanks.
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