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The intrinsic viscosity of a molecule consisting of
n elements is expressed in terms of the hydrodynamic
force F; exerted on solvent by an element [ as!

Ny, &,
7] = — My %((Fe-e:)(ffrt‘y))- (1)

Here IV, is the Avogadro number, M the molecular
weight of the solute, 7, the solvent viscosity, ¢ the
rate of strain, and R; the position of the indicated
element [ relative to the molecular center of mass.
e, and e, are the unit vectors in the x and »
directions, respectively. Hence, the unperturbed
velocity of the solvent at the point R; is defined by

v = é(Ri-ey)ex. (2)

The hydrodynamic force F} is then written as
Fi=—{(v® —u) — ‘:!Z;Tts‘Fay (3)

where { is the friction constant of a single element,
u; the velocity of element [, and the sum extends
over 1 to n, but [, with respect tos. T';, represents
the Oseen interaction tensor which is defined by
1 RisR

Tis = 8rnoRis (I + ;;u”u )’ )

where Ry, is the distance between elements { and s.
For a solute molecule of rigid structure, we have

uy = (E/2)[(Ri-ey)ex — (Ri-ez)ey]. (5)
Equation (3) may then be rewritten in the form
F = — (¢/2){ag —(T-F, (6)

or in its equivalent form,
—(1/é)aq-F = (L[2)gap + (/é)ZacavTa, F, (7)

with the abbreviations,

F= ;F;, T= ‘Z‘:ETH;
ag= ;{(R;-ex)ey + (Ri-ey)ex], (8)

g = g(Ri‘ey)ez, Jap = Gq-ag.

Further, Eq. (7) is transformed to
Nap = (1/2)Cgap — C;Tav?vﬂ 9)
with
Haa = — (‘:au!é)[— (512)541 - T'F]a
Yap = — (Laa/é)[— (¢/2)ap — T-F],
Nga = — (Lap[é)[— (¢/2)a. — T - F],
ngs = — (Laplé)[— (¢/2)ap — T-F].

(10)
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Multiplying Eq. (9) by g¥*, summing the result
over @, and using the relation,

S0 "*nap = %, (11)

we obtain
(1/2)(1)2f = (g«B[) + TeF. (12)
Substituting Eq. (12) into Eq. (1), and taking the
average over all possible orientations of the solute
molecule, we obtain
(7] = (N M2o)<7ap>

N, (B ) 4 non(RRscosap
— g1 [ [ Ep— s s
sty (o) {1+ B3R IS

1
— 1 [4R 2 2
i 10Ri? [4RiRs(Ri® + R;®) cos ays

— R2RA(1 + 7 coszau)]}}

with

| Ri|=Ri, | Bs| = Ry, (Ri*Rs) = RiRscosaus. (14)

Let us now show some results obtained by ap-
plying the so-called shell model® in evaluation of
Eq. (13). The first example is a spherical molecule
of radius r, whose surface is covered by a number
of small spherical elements being in contact with
one another. In the limit that the number of small
elements approaches infinity while their size tends
to zero, the above Eq. (13) yields the Einstein
equation,

(]3)‘1

[17] = (5No[2M)(4nr®[3). (15)
The second example is a tetrahedral contact
arrangement of four identical spheres which may
be regarded as a model of hemoglobin molecule.
Thus each sphere may be regarded as a myo-
globin molecule. The shell model calculation of
Eq. (13) yields

[#](hemo)/[7](myo) = 1.28. (16)
This result is to be compared with the experimental
values of [7], 4 and 3.6 (cc/g) for hemoglobin,®%
and 3 (cc/g) for myoglobin.?) The agreement between
theory and experiment seems satisfactory.

More details of the theory will be published later

with various applications to other biopolymers and
flexible chain polymers.
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