interdependent. In the present case, it has been found that
the amino acid composition of phosphomannans varied both
as a function of molecular weight and of phosphate content.
A similar observation was made with S. cerevisiee mannan
by Jones (1968). The amino acid sequence of the protein moi-
ety may determine where the mannan of a particular molec-
ular weight and charge is placed in the cell wall. Thus, man-
nans could have different structures at bud scars or at differ-
ent levels within the cell wall. An important observation of
the current investigation is that the molecular weight dis-
tribution of the phosphomannans varied with the growth
phase of the cell. In stationary-phase cells, the phosphoman-
nan low in phosphate content was not cross-linked by pro-
tein (mol wt 25,000), while the phosphomannan with a high
phosphate content contained a greater proportion of the
larger complex (mol wt 500,000). This may indicate that a
different population of mannans is formed as the cell ages and
the wall performs a new set of functions. Significant changes
in the nature of the phosphomannan might also result from
changes in the phosphate content of the medium which occur
during cell growth (Slodki ez al., 1970).
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Equations for the Equilibrium Constants of Nonideal Systems
Derived from the Multinomial Theory Using the z-Average

Molecular Weightt

Moisés Derechin

ABSTRACT: Equations for the calculation of equilibrium con-

Equations for the calculation of mass equilibrium con-
stants of self-association reactions for ideal systems using the
z-average molecular weight were given before (Derechin,
1969b). In this paper equations for nonideal systems using
the z-average molecular weight are derived.
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stant of self-associating systems are derived using M, app.

Theory

Various definitions and derivations made before for ideal
systems (eq 4-11 of paper III of this series, Derechin, 1969b)
can be applied to nonideal systems simply by replacing M., a,p
for M, thus leading to eq 1, where M, .., is the z-average mo-

d(r—l)MmPP
£ M,
— T X
rgl dC ! ¢=0
3 ...3 ! ﬁK;"iJ = K ()
a,=0 am=0(al’ [27 PN am)i=2

lecular weight as calculated from experimental data.



EQUILIBRIUM CONSTANTS OF NONIDEAL SYSTEMS

M..pp(c) differs from M,(c) as shown by eq 2a (Adams
Mz.app(c) = M,(C)/(l + BC[‘{w(C))2 (za)

and Filmer, 1966), where B is the virial coefficient, c, is the
concentration in g/100 ml, and M.(c) is the weight-average
molecular weight. M...,;(c) can be calculated from experi-
ments that supply M. ...(c) using eq 3 (Adams, 1962; Adams
and Filmer, 1966).

Mz,app(C) = a‘c::CMw,app(C) (3)

Equations for the equilibrium constants for the nonideal
case could be obtained after differentiating eq 2a and then
replacing these results into eq 1. However, an equivalent but
simpler procedure is to solve eq 2a for M(c) (eq 2) then cal-

M(c) = M..p(c) + 2Mzmpp(C)Mw(C)Bc +
M, ()M (c)*Bc? (2)

culate the various (d”’M,/dc")._o, where r = 1, 2, ..., and
finally replace these derivatives into the already derived equa-
tions for the ideal case (eq 13-16 of paper III of this series,
Derechin, 1969b).

The calculation of the successive (d”M./dc").-o require
expressions for the successive (d”M./dc).. These can be
calculated after putting the definition of M.....(c) (Adams
and Fujita, 1963) in the form of eq 4. Thus, the derivatives of

Mi(c) = My.pp(0)/(1 — My oppBc) 4

M. and M,, respectively, needed for the calculation of K,
K3, and K, are

[¢)] )
<d Mw) _ <d M) + Mx ®)
de c=0 de =0

<d<2)1uW dDOM a0e

= 2MX? 4 4 X
de? )c_o W < de )c=0 +

d(z)Mw.app
_— 5a
< de? )c—O ( )

M, DM, .
<(_1 ) = <Mﬂ’) + 2M X ©)
de /oo de =0

doM, d(mMmpp) dOM, app
= ( — TP 6f ——— X
< dcz )c=0 < dc2 c=0+ dC e=0 +
(1)
24M X0 + 36<M_) X+
=0
6

6M X* (6a)
( dm® M,)
ded Jewo de

AOM AOM. . \?
8 z:8pp o z,8DD X
[ ( de? )mo + M, ( de >c=0:l *

de 3)Mz'npp
— = 6b
( d03 )c—o ( )

where X = BM,. After replacing eq 5-6 into the equations
for the ideal case (Derechin, 1969b) we obtain the equations

for the nonideal case
K= X+ ;ma @)
3 3 1 1
K3 = in + imaX + a"nza2 + l_zmb (8)

8
K, = éXs + 4maX? + [%mza’ + gmb]X +

%maa3 + ;mgab + 712mc (&)

where m = 1/M,, and a, b, and ¢, respectively, are the first,
second, and third derivatives of M.,..,; with respect to ¢ at
c = 0.

Discussion

Equations for the calculation of equilibrium constants of
self-associating systems using M...;;(c) have been presented.
These equations have been tested using error-free model sys-
tems (computer program LVOUTR3). Also, using experi-
mental data analyzed in a previous paper (Derechin, 1971)
the method described here gave similar results. For the anal-
ysis of experimental data (computer program MWEXR3),
M.ap0 US. ¢, these are converted into a table of M, ., vs. ¢
using eq 3. This procedure makes the method dependent on
the availability of suitable data from sedimentation equilib-
rium experiments. Thus, the discussion made before (De-
rechin, 1971) on criteria and procedure for the selection of
data can be extended to the present case. It must be noted
here that plots of (1/r)(dc/dr) vs. ¢. (Van Holde and Baldwin,
1958) also lead to the calculation of M,,.,, from experiment.
Although the method of Van Holde ez al. (1958), as described
by these authors, permits the calculations of a molecular
weight-average throughout the cell, the analysis of data (1/r) X
(de/dr) and c(r) should supply M, ..(c). Although we have
not done experiments in this manner it appears worthwhile
exploring this method since in some laboratories only schlie-
ren optics is in use. Then, if reliable data, M, ..(c) are avail-
able, the polynomial regression of these data may permit the
calculation of the equilibrium constants by the method de-
scribed here.
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