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Abstract 0 The hypothetical hexadecane—octane distribution
coefficients for the alkylpyridines were deduced from the corre-
sponding oil-water distribution data. The values were analyzed by
a modified regular solution theory. A good correlation was noted
by including the Flory-Huggins entropy factor in the calculation
and by considering the deviation from the geometric mean as-
sumption.
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In a previous paper (1), a study of the distribution
of p-alkylpyridines between various organic solvents
and an aqueous sodium chloride solution was pre-
sented. The differences in the distribution coeffi-
cients were attributed to the differences in interac-
tions between the solvents and the solute. The
present report presents an analysis of the interac-
tions of the solutes in the hydrocarbon solvents fol-
lowing the modified Scatchard-Hildebrand regular
solution theory.

DISCUSSION

The infinite dilution activity coefficient of a nonpolar solute, n,
in a polar solvent, i, v,;, has been described (2):

RT In ('Yni) = Vn(xn - )\i)z + Vn(Ti2 - 2\I’ni) +
RT[In (V,/Vi) + 1 = (V,/V)] (Eq.1)

where the V’s are the molar volumes, and ¥,,; is an induction ener-
gy density arising from dipole-induced dipole interactions. The A’s
and r are the nonpolar and polar solubility parameters, respective-
ly, defined as A2 = (E45p/V) and +2 = (Erolar/V) where EdisP and
Epoler gre the nonpolar and polar molar cohesive energies, respec-
tively. The three terms on the right-hand side of Eq. 1 represent
the dispersion forces, the polar interaction forces, and the Flory-
Huggins correction factor. The last term was added to account for
the excess of mixing arising from the differences in the molecular
size.

The geometric mean assumption involving the dispersion forces,
as given by Eq. 1, is likely to be an oversimplification in polar mix-
tures where differences in molecular geometry and size are large.
The inclusion of a deviation factor, ln;, may be used to correct the
defect.

Thus, the hypothetical distribution coefficient, ks, for an al-
kylpyridine between hexadecane and octane may be expressed as:

kh/o = ('Yno/'Ynh) (Eq 2)
or:
Vn
l")g(kh/o) = W [()\n - )\0)2 (A — >\h)2] +
2V, 2Va A
& enoDm ‘I’no—‘pn T N anaDm ln - na}\o +
2.303RT | Al = 3 g0 (kM ~ tnoo)
1
o ann V n)— — VolVn o -
2.303 [In (Va/Va) = (Vi — Vo)V, /Vi Vo]  (Eq. 3)

Data Reduction—The kp/ for p-alkylpyridines may be com-
puted from the following identity equation, using the experimen-

tally determined oil-water distribution coefficients kns, and kojw
1)

(Eq. 4

However, the possible effects of the mutual solubilities of the
partitioning solvents on k., were evaluated first. The solubility of
n-octane in water is 5.8 X 10~6 M at 25° (3). The presence of sodi-
um chloride in the aqueous phase (1) would further reduce the sol-
ubility. The solubility of hexadecane in the aqueous phase would
be even smaller due to the hydrophobic effect of the additional
methylene groups (4). Thus, the effect of the hydrocarbon solubili-
ties on log(ks/,) was assumed to be negligible.

The effect of water dissolved in the hydrocarbons, however, may
not be insignificant. The solubility of water in hexadecane was de-
termined (5) to be {W], = 3 X 103 M at 25°. The corresponding
value in octane, [W], = 4.7 X 10~3 M, was estimated from the
same source by interpolation. To estimate the hydration effect, the
experimental data of Johnson et al. (6) on pyridine were used and
an empirical relationship was noted:

[PW):/[P); = 1 X 10~2 + 2.09 X [W];

log (knso) = log (kasw) ~ log (Ropw)

(Eq. 5)

where [W)]; is the intrinsic water solubility in the nonpolar solvent
i in units of moles per liter, and [PW];/[P]; is the ratio of concen-
trations of the pyridine-water complex and the unhydrated pyri-
dine monomer in that solvent. The three species may be related by
the equilibrium reaction shown in Scheme I:

P;+ W; = PW;
Scheme I

If it is assumed that the water solubilities are decreased by 3.3%
in the presence of 1 M NaCl (7), then:

[W]h=0967X3X103M=29%X10"3M
[W], =0.967 %X 47X 1073 M = 454 X 103 M

(Eq. 6a)
(Eq. 6b)

Substituting these values into Eq. 5, one obtains the corresponding
ratios:

PW
Q =1X10"2+209%X 29X 10"3=1.61Xx10"2
[Pln
(Eq. 7a)
P
[[P—v;/]" =1X10"2+ 2.09 X 4.54 X 1073 = 1.95 X 10~2
(]

(Eq. 7b)

The ratio of the unhydrated pyridine to the total pyridine con-
tent in each solvent becomes:

[P» _ 1
[Pl + [PW], 1.0161 (Eq. 8a)
[P _ 1
[Pl, + [PW], 1.0195 (Eq. 8b)
Applying these ratios into Eq. 4 gives:
log (knso) = log (kns/1.0161) — log (kos,/1.0195) (Eq. 9)

where kp/, and ko are the experimental values.

It was further assumed that the two correction factors, 1.0161
and 1.0195, remain unchanged for the whole series, based on the
reasoning that the stability of [PW]; may not be significantly af-
fected by the chain length and that the net effect of the two factors
is small. This treatment allows the comparison of experimentally
deduced kpj, values for alkylpyridines with theoretical values
based upon Eq, 3.
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Table I—Distribution Coefficient between Hexadecane and
Octane, Molar Volume, and the Estimated Nonpolar
Solubility Parameter for p-Alkylpyridines at 25°

>\n, (cal/

Solute log (kn/0) Vi, mi )i
Pyridine 0.162 80.88 9.88
4-Picoline 0.169 96.91 9.44
4-Ethylpyridine 0.149 113.15 9.24
4-Propylpyridine 0.127 129.74 9.03
4-Butylpyridine 0.104 146.49 8.86
4-Amylpyridine 0.082 163.09 8.73
4-Hexylpyridine 0.074 179.60 8.62
4-Heptylpyridine 0.062 195.90 8.53
4-Octylpyridine 0.031 212.11 8.46
4-Nonylpyridine 0.011 228.15 8.40

Table I lists the log(kr/,) values based on Eq. 9.

Evaluation of Parameters in Eq. 3 and Results—The induc-
tion energy density, ¥,;, has been suggested to be dependent upon
the dielectric constant of the medium (8). Since both solvents were
nonpolar, it was assumed that ¥, = ¥,,.

The nonpolar solubility parameters of pyridine (A, = 9.88) and
the solvents (A, = 7.975 and A\, = 7.554) were obtained from the
literature (2, 8, 9).

The nonpolar cohesive energies of 4-picoline and 4-ethylpyri-
dine, estimated from the aromatic homomorph plot (2), were
found to be 8.64 and 9.67 kcal/mole, using critical temperatures of
643°K and 662°K, respectively. These critical temperatures were,
in turn, calculated from the equation of Nokay (10). The homo-
morph of a molecule is defined as the equistructural hydrocarbon
at the same reduced temperature and with the same molar volume
as the polar molecule. The nonpolar cohesive energies of propylpy-
ridine and the higher homologs were estimated by the method of
Rheineck and Lin (11), who noted that the contribution of the
methylene group in a homologous series to the cohesive energy is
additive and that the value depends on the nature of the end
group. For alkylpyridines, the value was estimated to be 0.92 keal/
mole. Since it has been shown that the polar induction energy of a
long chain alkyl derivative remains essentially unchanged (12), the
incremental nonpolar cohesive energy was equated to 0.92 kecal/
mole. The cortesponding A\, values are shown in Table I.

Unfortunately, the deviation factors l,; and l,, cannot be esti-
mated reliably because neither the v values nor any quantitative
independent theories for the deviation factor are presently avail-
able. Therefore, any systematic a priori test of Eq. 3 is precluded
for the present situation. However, an analysis of the data suggests
that the resultant (l,nAn — l.oA,) varies regularly with the chain
length (Fig. 1). In the absence of further information, the
smoothed linear least-squares values were used to construct the
“best fit” curve B of Fig. 2.

Figure 2 is a graphic presentation of the three terms that con-
tribute to the log(kns): the geometric mean term, the deviation
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Figure 1—Chain-length effect on the deviation terms in the
hexadecane—octane solvent pair.
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Figure 2—Contribution of various terms to the distribution coef-
ficients between hexadecane and octane. Key: A, geometric mean
terms and Flory-Huggins terms; B, all three terms; C, Flory-
Huggins terms alone; D, geometric mean terms alone; and @, ex-
perimental data.
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Figure 3—Comparison of the calculated contributions to the ex-
perimental free energy (AGy) of solution in nonpolar solvent n-
octadecane at 35° (14). Key: 1, butane; 2, pentane; 3, hexane; 4,
heptane; 5, octane; 6, cyclohexane; 7, benzene; A, geometric mean
term; @, geometric mean term plus Flory—Huggins factor; and 0O,
Flory-Huggins factor.



term, and the Flory-Huggins factor. Curve D represents the con-
tribution of the geometric mean term. Although it intersects the
experimental data points and, therefore, is a good approximation
by itself, it does not seem to account for the chain-length effect.
The Flory-Huggins term is shown as line C, and this line is essen-
tially parallel to the experimental values. The sums of the two
terms are labeled line A. It is obvious that line A predicts a higher
log(kn/,) than the observed values. Thus, to best describe the data,
all three terms are apparently needed.

Application to Other Systems—Although the method of
Prausnitz has been further extended to cover polar—polar mixtures
(18), Eq. 3 cannot be applied to other solvent pairs reported pre-
viously because of the lack of means of estimating ¥,; and I,; in
polar mixtures. Furthermore, it was difficult to estimate reliable
corrected log(kj;i) values from the oil-water partition data due to
significant mutual solubilities of the solvents.

The introduction of the Flory—-Huggins factor and the deviation
term to Eq. 1 appears to be justified in at least nonpolar mixtures.
In this case, the expression becomes:

RT In (i) = V(A = A2 4 2V 0l N +
RT[In (V,./V;) + 1 - (V,/V;)] (Eq.10)
Figure 3 compares the calculated contributions from Eq. 10 and
the experimental data of Cruickshank et al. (14). While the geo-
metric mean term always gives nonnegative contribution to the
free energy of solution, the combination of the geometric mean
term and the Flory-Huggins factor seems to improve the correla-
tion. The poor fit of cyclohexane and benzene suggests that the de-
viation term is an important factor for the two solutes whose mo-
lecular geometry differs greatly from that of the solvent n-octade-
cane.
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Reduction of Activity of Cyanocobalamin in the

Presence of Methylparaben Sodium at

Autoclave Temperature

S. YAZDANY * and F. BADII

Abstract O Reduction of activity of cyanocobalamin (vitamin B,9)
due to degradation or interaction with methylparaben sodium was
measured by UV spectrophotometry and microbial assay. TLC of
the heated mixture showed two different spots, which indicate
some alteration in the structure of the cyanocobalamin molecule in
the presence of methylparaben sodium at 115° for 10 min. The
losses were about 20% by UV measurements and 32% by microbial
assay. The degree of loss was sufficient to suggest that methylpara-
ben sodium might have considerable influence on the stability of

pharmaceutical products containing cyanocobalamin. Methylpara-
ben and sodium chloride had no effect on cyanocobalamin.

Keyphrases O Cyanocobalamin—activity, effect of methylpara-
ben sodium, autoclave temperature, pharmaceutical formulations
O Methylparaben sodium—effect on cyanocobalamin activity, au-
toclave temperature, pharmaceutical formulations O Vitamins—
cyanocobalamin, activity, effect of methylparaben sodium, auto-
clave temperature, pharmaceutical formulations

Methylparaben sodium is often used in the formu-
lation of pharmaceutical products. A fairly extensive
literature has developed on the incompatibilities of
the parabens and macromolecule polymers. Patel and

Kostenbauder (1) found that solubilization of para-
bens with nonionic surfactants involved binding ef-
fects. The interaction between methylcellulose and
the parabens also was reported (2).

Vol. 65, No. 5, May 1976 / 745





