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In vy, =
A

Agy
~In (s F Agix) - X‘(X1 + Ayaxs - Agixy + Xa)

In the

The coefficients of eq 8 and 9 are given in Table VIII.
ternary system the Redlich—Kister equations are

In vy = XyX3[(By2 + Byg - Bag) + Crp(2x4 - x2) +
Ca(2x1 = x3) + 2C3(x3 ~ x2) + Dqa{x1 = XK3x4 -
Xz) + Dyalxq - XK3xX4 = Xp) - 3D(x3 - X5 +
Ci(1 - 2x9)] + x2[Bz + C1A3%41 - x5) +
Do{X1 = XxK8x1 = X)) + x3°[Byg + C1afBx4 - xq) +
D3(x - x3X5x1 - x3)] (10)

where By, C;, and Dy are the binary constants and C, is the
ternary constant (Table VIII). The equations for the other ac-
tivity coefficients can be obtained by cyclic rotation of the in-
dexes. In this case, according to the McDermott-Ellis test, the
results obtained can be considered as thermodynamically con-
sistent.
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Glossary
a, 8,8 constants
A, B, constants
Cc,D
By, By second virial coefficient of pure component and the
mixed virial coefficient
C, ternary constant
CBM chlorobromomethane
DBM dibromomethane
DCM dichloromethane
Kag equilibrium constant in eq 9, in cm™
m total number of experimental points

147
PP vapor pressure of pure component i
P total pressure
R gas contant
T temperature, °C or K
v,° molar volume of pure component /
X, ¥ mole fraction of component iin the liquid and vapor
phases
Y activity coefficient
vi* activity coefficient considering association effects
Subscripts
caled calculated
obsd observed
I j, k components /, j, and k
1 DCM
2 CBM
3 DBM
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Osmotic and Activity Coefficients of Sodium and Potassium

Glutamate at 298.15 K

Oscar D. Bonner

Department of Chemistry, University of South Caroiina, Columbia, South Carolina 29208

Osmotic and activity coefficlents are reported for
monosodium and monopotassium glutamate. The
potassium salt has the larger coefficlents, as is the case
for monocarboxylic acid salts. These salts differ,
therefore, from the half-neutralized dicarboxylic aclds
where the sodium salt coefficients are larger than those of
the corresponding potassium salts. This Is possibie
because of the zwitterionic nature of the glutamate ion.

Glutamic acid is readily synthesized by the body and, upon
conversion to giutamine, remains in the tissues of many organs.
Monosodium glutamate is a common additive to many foods.
The measurement of these osmotic and activity coefficients is
part of a program to investigate the colligative properties of
water-soluble components of biological systems. These salts

0021-9568/81/1726-0147$01.25/0

are interesting in their own right, however, because the gluta-
mate anion with a net negative charge of unity may actually
contain two negatively charged carboxyl groups and a positively
charged ammonium group. This shouid give the salts a distinctly
different behavior in solution from the usual 1,1 electrolytes.

Method

Reagent-grade L(+)-glutamic acid as received from Fisher
Scientific Co. was exactly neutralized with 1 equiv of sodium
or potassium hydroxide solution. The salts were evaporated to
dryness under vacuum at room temperature over H,80,. The
dried salts were then recrystallized 3 times from methanoi-
acetone-water mixtures and again dried under vacuum over
P,Os. The molecular weights of the salts were determined by
passing solutions of weighed quantities of each salt through a
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Table I. Experimental Results: Molalities of Isopiestic
Solutions at = 298.15 K

NaCl NaGlu KGlu NaCl NaGlu KGlu
0.2982  0.3011 0.2988 2.295 2.266 2.177
0.615 0.625 0.613 2579 2538 2431
0.930 0.946 0.921 3243 3.165 3.004

1.135 1.148 1.114 3.778  3.658
1.466 1.473 1.425 4.194  4.051
1.788 1.785 1.721

Tabie II. Osmotic and Activity Coefficients at 298.15 K

molality, NaGlu KGlu

m ¢ v ¢ v
0.1 0.928 0.773 0.931 0.776
0.2 0.919 0.725 0.924 0.732
0.3 0.913 0.695 0.921 0.708
0.4 0.909 0.676 0.920 0.691
0.5 0.907 0.661 0.922 0.680
0.6 0.908 0.651 0.926 0.674
0.7 0.909 0.642 0.931 0.670
0.8 0.910 0.636 0.936 0.667
0.9 0.915 0.632 0.940 0.665
1.0 0.921 0.630 0.948 0.666
1.2 0.934 0.629 0.964 0.671
1.4 0.945 0.632 0.930 0.680
1.6 0.961 0.636 0.997 0.691
1.8 0.976 0.645 1.015 0.702
2.0 0.992 0.654 1.035 0.718
25 1.032 0.682 1.085 0.767
3.0 1.073 0.718 1.146 0.827
35 1.120 0.763

4.0 1.167 0.813

cation exchange column in the hydrogen form. The results
were in agreement with those expected for pure anhydrous
salts. The isopiestic equilibrations of solutions of the two salts
with sodium chloride solutions were performed in the manner
described in detail in a previous paper ( 7).

Resuits and Discussion

The experimental results of the isopiestic equilibrations are
presented in Table I. The osmotic and activity coefficients at
rounded concentrations are given in Table II. Osmotic coef-

ficients were calculated from the relationship

& = (Mygt/ M)yt
Activity coefficients were calculated from the equation (2)
Iny =Inv,+In(mgy/m)+

2 £ Ume/m) = 11410 (M) 2

The values of the osmotic and activity coefficients of sodium
chloride, the reference salt, are those of Robinson and Stokes
(3).

A comparison of the coefficients of these salts reveals that
the potassium sait has the larger coefficients at any concen-
tration. This is similar to the behavior observed for the salts
of monocarboxylic acids. It is different, however, from the
behavior of the half-neutralized allphatic dicarboxylic acids (4)
where the sodium salts have the larger coefficients. These
observations suggest that, whereas there is some type of in-
teraction between the carboxylic acid proton and the carbox-
ylate group of the normal diprotic acid, this does not occur in
the glutamate anion. A zwitterionic structure
“0,CCH,CH,CHNH,*CO,", such as is known to exist in mono-
carboxylic amino aclds, would seem to be reasonable, but the
resultant anion would possess two negative and one posltive
charge centers. A cyclical, hydrogen-bonded structure of the
type

CHa=—CHa

co 2?

would leave one free carboxylate anion and would seem to be
more probabie.
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Osmotic and Activity Coefficients of Methyl-Substituted Ammonium

Nitrates at 298.15 K

Oscar D. Bonner

Department of Chemistry, University of South Carolina, Columbia, South Carolina 29208

Osmotic and activity coefficlent data are reported for
three methyl-substituted ammonium nitrates. A
comparison of these data with those for the other two
members of the famlly which have already been reported
enables one to note the effect of successive methyl
substitution on lon-solvent and lon—ion Interactions.

Osmotic and activity coefficient data have been reported for
ammonium nitrate ( 7) and tetramethylammonium nitrate (2) but
not for any of the intermediate methyl-substituted ammonium
salts. For the two salts for which data have been reported, the
osmotic coefficients of the ammonium salit are larger in dilute
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solutions while the tetramethylammonium salt has much the
larger coefficients in the more concentrated solutions. This
observation suggests that data for the remainder of the family
might be desirable.

Method

The free bases methylamine and trimethylamine in aqueous
solution were obtained from Aldrich Chemical Co. The aqueous
solution of dimethylamine was from Eastman Kodak Co. The
free bases, as received, were almost neutralized with aqueous
nitric acid. The water and excess base from each of the so-
lutions were removed by drying in a vacuum desiccator over
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