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‘moles/cc.

LIST OF IMPORTANT

SY MBOLS

major semi-axis of ellipsoid

thermodynamic activity of
component or species ¢ in a
solution

second virial coefficient
minor semi-axis of ellipsoid

concentration, moles/liter or

ionic strength

flux of component ¢ across unit
cross section per second

equilibrium constant

constant relating observed dis-
placement in Schlieren optical
system to dc/dx

optical constant in light scat-
tering

rate constant

equilibrium constant for as-
sociation reactions

Boltzmann's constant

phenomenological coefficient
in thermodynamic treatment
of flow processes

average bond length in a
polymer chain

molecular weight

concentration, moles/kg. of

solvent
concentration, molecules/cc.
Avogadro’s number

number of moles of component
or species i in a solution

refractive index
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P, p pressure

q electrostatic charge in esu
R radius

Rg radius of gyration

Rg experimental quantity in light
scattering

X gas constant

symbol for radial distance

5
S entropy
s sedimentation coefficient
18 temperature

e time

,u# flow velocity in a fluid
- volume

partial molal volume of com-
ponent or species ¢ in a solu-

partial specific volume of com-
“ponent or species ¢ in a solu-

tatistical probability
ectrostatic free energy

ole fraction of component or
pecies ¢ in a solution

LIST OF IMPORTANT SYMBOLS

X degree of polymerization of a

polymer chain

Vi activity coefficient (molarity
scale) of component or. species
1 in a solution

Z.2 electrostatic charge in units of
protonic charges

o polarizability
empirical expansion factor for
polymer dimensions

o] effective bond length in poly-
mer chains

Vi activity  coefficient  (molal
scale) of component or species
7 in a solution

€ proton charge in esu
N viscosity

[]  intrinsic viscosity

A wavelength

Wi chemical potential of com-
ponent or species ¢ in a solu-
tion

p density

a number of elements in a poly-
mer chain
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TR ANSPORT PROCESSES.  VISCOSITY
: ic centimeter ich i
3¢ neentration 11 gratl B cr‘ljl?l ts if each c) i
(where ¢ refers to ‘Cod o rofractive index gradients omponent
btaine

turn 15 easily ©

has the same e ‘ ‘
Protein molecules in solution bear

egi Iclpfallzrtt;::';ielect ric point, where the average net
be molecules with net charge =1, £2, etc., and
actually poSSess zero net gharge are mu_1t1~polar
sitive and negative charges, in equal
therefore undoubtedly influenced by
electrostatic forces. It is ordinarily‘bclieved ﬂ'llat a m(})lderat;ly 131’5&:
concentration of 2 ]ow-moleculaf“"_’clght Beciro TS S0 b L, will
climinate any such influence, and this contentiof 12 ’t.some o D et
that diffusion coefficients at moderately high 1onic strengths bt".Come
essentially independent of the net charge (¢-&. Creethif) i Intrqduc1ng an
electrolyte of course means that we are no longer dealing with a two-
component system. As was pointed out on p. 353, however, this factor
is believed to be unimportant if the third component (i.e., the added
electrolyte) is initially present at the same concentration everywhere. In
any event, proteins dissolved in salt solutions are generally regarded as
two-component systems, and D values are obtained for them by
extrapolation of apparent diffusion coefficients to zero concentration.
B oo 1 stion 20, Equation 205
(or, where necessary, equation 20-7) gives thlé1 SE:lctlcm e : Equatlon_ 20_'6
i SR g volume (_)f such a particle in
_ P egree of solvation, d,. The radius of a sphere with
this volume (v, = 47R,%/3) would be P 4

Pl £
i LWV izt alu;’)l

21e. Diffusion coeffici
electrostatic charges- *
charge 18 Zer0: there w1]!
even thosé molecules wplch
jons; i.e., they contain many Ppos
numbers. The diffusion of proteins 1S

and the frictional coefficient of
19-13 as f, = 6mnR). The act
be expressed in terms of f

C tio f/f, will be unity
greater than unity.
ng these rel

thlIS h?p?thetical sphere is given by equation
ual frictional coefficient of the particle may

'b .
if{hrgeins;.olf the rato flfy; ie., f = (flf)6mnR,.
particle actually is a sphere but, in general,

ations with equation 21

=) i
trapolated to zero conc We can now write for the

o entration
= = 6my L [3M(52 + 8,004
iR o :l (21-26)

_ ~26 that the diffys;
1ght and partia] gpe.; ¢ diffusion coefficient
é-. pecific volume of the protein eblt))ilrll(i:.sf (:;lhtil::l:
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are easulrablc quanti}ies. It dc_pcnds AlSO PN Sel 57

ctors: Slfo representing the deviation of the shape of therpros i

yn mic article fron‘} a sphere, and 4, representing the Eolvm‘n it

clearly cannot detc:r'mmc both these factors from a single ation. We

the diffusion coc_fﬁcmnt. Thus,_ there is an ambiguity in tghe i‘z:;suremFM of

| diffusion Ct’)cﬁlments,.as the d|s<_:ussion of the data below will ;Eretatlc.n of
To obtain @ fl.l.rlcllon contalning only these unknown par g4

the minimum possible frictional coefficient, fmsn?ofﬁiezi::

| calculate ! n po
| sponding mm‘umum diffusion coefficient, DY . compatible wit
' molecular weight and #,. This is obtained l;)f ;ettingl}ff =\rlakrlut1h; k—-m(;v’n
‘ equation 21-26, giving 0 , = 0in
kT IM©D 14
fani=—— =16 (_ﬁ)
bl b (21-27)

atio of the observed diffusion coefficient to this calculated value is

The 1

then the desired quantity,
D 27 (_ﬂﬂ)ﬁ 5
fmin Dl’l fl] f?g ( 1—28)

ratio is referred to as flfy. We have
ce we have used f]f; to represent the
| coefficient.)

¢ diffusion coefficients of proteins are
conventionally corrected to “standard conditions,” the standard solute
being pure water at 20° C. The values of D° so corrected are those which
the protein solutions in pure water at 20° C would have if the molecular
parameters M, @, flfo, 2nd o, were all to remain constant, independent of

the solvent. If this were SO, then, with D° representing the diffusion
coefficient measured at temperature T in a solvent (e.g., 2 salt solution) of
«“standard”’ temperature and 7, the

viscosity # and T representing the
viscosity of the «standard” solvent at that temperature, the “standard

diffusion coefficient, Dy’s 1S given by equation 21-26 as

Dsa = DOTs"?fT??s (21_29)
— 0.01002 poise We get the usual standard
alue of D° being often designated Digu- It
tion has no effect on the experimental ratio

(In many literature compilations this
introduced the new symbol f]fmin sin
effect of shape alone on the frictiona

1t should be noted at this point tha

- With 7, = 293.16° K and 7;
~ conditions, the corresponding v
should be noted that this correc
iven by equation 21-28.
. atation of Diow by equation 21-29 is purely

1d actually be obtained

nt to observe that the comp _
value of D* which wou
o for the molecular

pcedure. Theexperimental

20° C would often be quite different from DS, fOT

M and ffo often change with even minor alterations 11 temperature

centration.
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