Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2017

Supporting Information

SI:A - Fundamental equations for the analysis of solubilization

In this section, we summarise the basic relationships used in the analysis of experimental data

throughout the Supporting Information. According to the Kirkwood-Buff (KB) theory of

solutions, the dependence of the pseudo-chemical potential of cellobiose, #¢’ on salt

concentration can be expressed as: !
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The symbols used above have been defined in the main text. First we explain how ( gc, ) can

be determined from the experimental solubility data. To this end, let us start from the free

energy of transfer of a solute (cellobiose) molecule, Apg , from a pure water phase to an aqueous
salt solution phase, defined as

Bug=pg-p (A2)
where #¢ and ¢ express the pseudo-chemical potentials of the solute ¢ at a fixed position in

aqueous salt solution and in pure water, respectively. This At¢ can be calculated directly from

the cellobiose solubility in solution (c.) and pure water (c.) as

* CC
Ap,. =-RTIn -

e (A3)
* * *0 * 0 0
Since, according to Eq. (A2), #c =8¢ T H ¢ in which ¥ ¢ and ¢ do not depend on the salt

concentration, Eq. (A1) can be rewritten in the following form:
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We have also identified the two contributions to solubilization. The first is the

preferential salt-cellobiose affinity:!

1(00p

—— T,Pc -0~ (Gcs - Gcw)

Cs\ Os | (AS)
And the second contribution is the salt self-association, given as:
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In the following, we explain how these two contributions have been evaluated from the

experimental data available in the literature.

SI:B — Preferential affinity

Now we evaluate the preferential affinity, (Ges=Gew) | from experimental data using Eq. (AS).

(Note that the “preferential interaction parameter” used historically literature refers to

(G G

es ™ Gew). Here, however, we focus on the comparison between the two KBIs).? Ges=Gewig a

measure of a solute’s affinity with the “co-solvent” relative to that with a “solvent”. To obtain

this from the dependence of Me on water activity,* Eq. (A5) should be rewritten using the

following thermodynamic relationship:
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In order to evaluate the differentiation on the L.H.S. of Eq. (B2), the RTI" % dependence of

M¢ has been fitted using the polynomial function shown in Table B, and compared with the

experimental data (Figure B).
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Figure B: Polynomial fitting of A plotted against w. The fitting equation and the

parameters are summarized in Table B. The solubility data from Liu et al. have been used to

calculate the 8¢ through Eq. (A3),° and % was obtained from Robinson and Stokes’ osmotic

coefficient data through Eq. (B3).6

Table B: Fitting parameters for differentiation of Eq. (B2). The fitting equation:

Ap; =a(-RTln aw)2 + b(-RTIn aw).

Salt a b

KCl 0.019 -1.007
NaCl -0.002 0.748
LiCl 0.003 2.183
ZnCl, 0.024 -13.170




RTlna

The term involving the water activity, w, was calculated directly from the osmotic

coefficient using the following well known relationship:®

RTIna, =¢lnx, (B3)

The individual KB integrals contributing to the preferential affinity (Ges=Gew) can be
determined independently, by complementing it with the partial molar volume Ve of cellobiose
in the presence of the salts, which can be expressed as

Gow= —Ve=c V(G- Gp,) (B4)

where s is the partial molar volume of the salt ion.

SI-C Salt self-aggregation

The second contribution to solubilization is the preferential self-aggregation of salts in the

bulk solution, Gss~Csw, that reduces the solubilization efficiency. This preferential self-

aggregation of salts can be obtained from salt solution osmotic coefficient data in the following

manner:
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The calculation of “ss ~ Gsw via Eq. (C1) requires the evaluation of 9ms  To do so, we adopt

the following fitting equation for electrolyte osmotic coefficients based on a classical model

by Stokes and Robinson:®
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Using the fitting parameters for Eq. (C2), summarized in Table C, we can calculate s

straightforwardly as follows:
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Figure C: Comparison between the experimental osmotic coefficient ¢ and fitting for (a)

ZnCl,, (b) LiCl, (c) NaCl and (d) KCI.



Table C: Fitting parameters for Eq. (C2).

Salt a p c d

KCl 0.7684 0.7492 0.0066 0.0005
NaCl 0.7076 0.7171 0.0001 0.0008
LiCl 0.8603 0.9633 0.0547 0.0016
ZnCl, 1.6940 1.3280 0.0342 0.0054

SI-D Source of the experimental data

The experimental solubility data necessary for the calculation of cellobiose solvation free

energies ('“Z) and the cellobiose-water and cellobiose-salt KBIs, have been obtained from Fig.
1 of Liu et al.’> Since we could not obtain the raw solubility data, we have extracted the
solubility data via pixel selection method using “Graph Data Extractor” open source software.
The error bar for the experimental solubility determination were not reported in the original
paper, and the error in digitalization is roughly estimated to be ca. 0.002 mol dm= though this

is dependent on the accuracy of pixel selection.
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