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1 Obtaining the activity coefficient ratios 7>/

1.1 Procedure

Water activity data was collected from Peng et al. (2001); Velezmoro and
Meirelles (1998). Peng et al. (2001) provides the water activity data graph-
ically, both from their own measurements and from other sources, hence we
obtained their bulk data with a plot digitizer program. For citric acid, due to
the dense population of the points in the plot of Peng et al. (2001), we could not
separate the data among the different references Levien (1955); Apelblat et al.
(1995a,b); Peng et al. (2001), hence we treated it as one data set. For malic and
tartaric acid, we obtained the bulk data measured by Peng et al. (2001) from
the plots, while we took the data from Velezmoro and Meirelles (1998); Apelblat
et al. (1995a) directly from the original works. For malonic and glutaric acid,
we obtained water activity data at saturation from Wise (2003).

Activity coefficient ratios of the acid were calculated from the water activity
coefficient data points using

~i xh, , Tw . T In Yo (1)
— = — 1 w ~ 1 w w de 1
n,ygatt = n~y (Iw)+1_$w Yy () + o (1) (1)
Ty =1 — 25

with 2!, corresponding to the data points from the bulk measurements in the
subsaturation range, hence z/, > &, (or z, < 25*'). The water activity data at
saturation was taken from Apelblat et al. (1995a); Wise (2003). The integration
was performed with the Simpons rule integration technique available within the

python package scipy. To extrapolate to x5 = 0, the resulting data points

(96’5, In A/Z%“) were then fit to the following function

[ (s, A1, An) — [ (23, A12, An1) (2)

with 252* taken from Apelblat and Manzurola (1987, 1989), A2, A21 the parame-
ters to optimize, and f corresponding to the following In v functional expressions
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Figure 1: Subsaturation In WZ; data for citric acid, obtained by applying (1) to
the water activity data obtained from Peng et al. (2001), and the fittings using
formula (2)-(5).The Van Laar fitting is indistinguishable from the Margules

fitting and is therefore not shown.

(see e.g. Prausnitz et al., 1999)
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The curve fitting function in the python package scipy was used for this purpose.
Given the sensivity to the choice of fitting function, we rounded finally all
results to one significant figure.
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1.2 Hydroxy-polyacids

For citric acid, fitting the data with the Margules or Van Laar formula gave
nearly identical results, at least in the subsaturation range, and returned a
lower STD than the Wilson formula. Therefore the Margules/Van Laar result

;’O:t = 0.27 was chosen.
For malic acid, we distinguished between the data obtained from Peng et al.
(2001) and from Velezmoro and Meirelles (1998), as the Peng et al. (2001) data

is systematically lower. From the Peng et al. (2001) data, we find ;YS—Z = 0.38,

while from the Velezmoro and Meirelles (1998) data, we find ;Y:t = 0.49. As

final result we took the geometric mean 0.43.
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Figure 2: Similar as Fig. 1 but for malic acid. The point at the lowest z, from
the Velezmoro data is considered an outlier and was therefore not included in
the fit. For the Peng data, the Van Laar fitting gave a nearly identical result as
the Margules fitting in the subsaturation range, while for the Velezmoro data,
the Van Laar fitting failed.
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Figure 3: Similar as Fig. 1 but for tartaric acid. The point at the lowest x, from
the Velezmoro data is considered an outlier and was therefore not included in
the fit.
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Figure 4: Similar as Fig. 1 but for malonic and glutaric acid.

For tartaric acid, the data from Peng et al. (2001) and Velezmoro and
Meirelles (1998) agreed well, therefore the parameter fittings were applied to
both data sets together. However, the fitting functions were not able to capture
well the behaviour close to IDL. Therefore, we chose after inspection of the plot

In ;YZ = —1.08, corresponding to 3; = 0.34.

1.3 Linear diacids

The most successfull fittings resulted in ;’5; = 0.66 for malonic acid and 2.97
for glutaric acid. For oxalic and succinic acid, as the water activity coefficients
are close to unity and %' is low, no fitting was performed and

assumed.
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