© 2002 American Chemical Society, Ind. Eng. Chem. Res., Sato i¢0200712 Supporting Info Page 1
\

Method for calculating proton concentration.

In experiment (a), the proton concentration was estimated from the ion product of water
and was 2.0 x 107 mol/L.3' In experiment (b) and (d), 0.01M nitric acid aqueous solution
was loaded into the reactor instead of pure water to increase the proton concentration in the
system. Nitric acid dissociates completely at ambient conditions. Chlistunoff et al. 52
reported the dissociation constant of nitric acid in supercritical water and correlated the
constant as the function of temperature and pressure. The dissociation constant of nitric acid
estimated by their correlation was 1.69 X 10™* mol/kg at 673 K and 0.5 g‘/cm3 of water density.
Proton concentration at 673 K and 0.5 g/em’® of water density, where 0.01 M nitric acid
aqueous solution were loaded instead of pure water, 3.6 X 10™ mol/L, and this value is about
three ordérs of magnitude greater than that in pure water.

In experiment (c)v, water, phenol(PhOH), 2-isopropylphenol(iPr-PhOH)  and

2-propylphenol(nPr-PhOH) should be dissociated as below, respectively.

H,0=H"+OH - (S-1)
PhOH = H' + PhO" (S-2)
iPr-PhOH = H" + iPr-PhO’ (S-3)
nPr-PhOH = H" + nPr-PhO" (8-4)

The dissociation constant for each reaction can be expressed as

Kw=[H'][OH] (S-5)

Kenowr=[HJ[PhO}/[PhOH] (S-6)
Kipr-prow=[H "][iPr-PhO}/[iPr-PhOH] (S-7)
Kupr.phor=[H ' ][nPr-PhO)/[nPr-PhOH] (S-8)

The 1onic éompounds in this system are H', OH’, iPr—f’hO-, nPr-PhO'; The electric charge
balance is expressed as

[H*]=[OH ]+[PhO"}+[iPr—PhO™ ] +[nPr—PhO~}] ' (8-9)

Using eq S-9 and dissociation constants of Kw, Kpnon, Kipr-phon, Knpr-phon, €9 S-10 is obtained

[H'] =K, /[H*]+K . [Phenol] /[H*]

(S-10)
+XK, pr_pmon[iPT— PhOH]/[H' ]+ K

propl Pr— PhROH]/[H']
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The proton concentration is expressed as

[H']= Ky + Kppeon [ Phenol] + Ko _pop [iP1— PhOH]+K_;,_pon [ Pr— PhOH] (S-11)

The dissociation constants of 2-isopropylphenol and 2-propylphenol in supercritical water
have not been reported. The dissociation constant of B-Naphthol in supercritical water is
available from the literature. 5> The dissociation constant (pKa = -log oK) of B-Naphthol at
798 K and 0.1 MPa is 9.31, while that of phenol at 298 K and 0.1 MPa is 9.82, which is the
same order as that for B-naphthol.S4 Recently, the dissociation constant of phénol in
supercritical water were also reported.S5 The dissociation constant of phenol at 673 K and
0.47 g/em’ bf water density was 1.0 X 10" mol/kg-water. The dissociation constant of
B-naphthol at the similar condition, namely, 673 K and 0.5 g/cm’ of water density, was 1.26 X
10" mol/kg-water. The dissociation constant of phenol and B-naphthoi were similar values,
which indicates tﬁat dissociation constant of alkylphenols in supercritical water would be the
same order.

Thus, we used the dissociation constant of B-naphthol (Kx) for the estimation of [H'] for
phenol and alkylphenols (2-isopropylphenol, 2-propylphenol), and assumed that Kn = Kphenol
=Kpp=Kpp At 673 K, the dissociation constant increased from 102 to 10 mol/kg-water
with increasing water density from 0.1 to 0.5 g/cm3. Since the phenol is mainly converted to
2-isopropylphenol and 2-propylphenol, the concentration of phenol, 2-isopropylphenol and
2-propylphenol is expressed as eq S-12.

[Phenol]y = [Phenol] + [iPr-PhOH] + [nPr-PhOH] - (S-12)

Thus, from eq S-11 and S-12, the proton concentration is

[H"] = Ky +Ky[Phenol], (S-13)
Proton concentration at 673 K, 0.5 g/cm3 of water density and [phenol]o = 0.33 mol/L is 1.4
% 10® mol/L and this value is about two orders of magnitude lower than that in 0.01M nitric

acid aqueous solution.

S2




© 2002 American Chemical Society, Ind. Eng. Chem. Res., Sato ie0200712 Supporting Info Page 3 .

References

S1 Marshall, W. L.; Franck, E. U. J. Phys. Chem. Ref. Data 1981, 10, 295.

S2 Chlistunoff, J.; Ziegler, K. J.; Lasdon, L.; Johnston, K. P. J. Phys. Chem. A 1999, 103,
1678. |
S3 Xiang, T.; Johnston, K. P. J. Phys. Chem. 1994, 98, 7915.

S4 Lide, C. R. CRC Handbook of Chemistry and Physics, 73rd ed.; CRC Press. Inc.: Boca
Raton, 1992-1993. |

S5 Sue, K.; Murata, K.; Matsuura, Y.; Tsukagoshi, M.; Adschiri, T.; Arai, K. Fluid Phase
Equilib. 2002, 194-197, 1097.

S3



