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1. General Remarks

Materials. The solvents used in the syntheses and measurements were purified according to Solvent 
Purified Handbook. Ionic liquids and indicator acids were synthesized and purified based on literature 
procedures.[1] The solutions of the indicator acids (phenylmalononitrile and 2,4-Dinitrophenol), and 
base (1,1-bis(ethylsulfonyl)-2-methylpropan-1-ide) were prepared as that described in our previous 
work.[2-6] The water contents were less than 50 ppm for ILs and 10 ppm for DMSO, which were 
determined by the Karl-Fischer method. UV spectra were obtained on a Hitachi U-3900H UV-Vis 
spectrophotometer.

pKa Measurement in Mixed Solvents. All the preparation and measurement processes were 
performed under water- and oxygen-free conditions. Standard Schlenk techniques were applied 
throughout the whole manipulation under dry argon atmosphere. pKas of indicator acids in the mixtures 
with the molar ratios of IL/DMSO varying from 0 to 1 were measured by determining the equilibrium 
position of their self-dissociation on UV spectrometer. Step 1, the molar absorptivity (ε) of the indicator 
anion was measured through the titration of a base solution with an indicator solution, where the 
specific absorption peaks of indicator anions (about 300 nm for phenylmalononitrile anion, and 430 nm 
for 2,4-dinitrophenol anion) were chosen as the detecting signal (See chemical equation S1 and eq. S1). 
Step 2, indicator acids were added dropwise to blank IL/DMSO mixtures, and the concentration of the 
dissociated anion for each equilibrium can be calculated from the UV absorption and the molar 
absorptivity determined previously. Then, combined with the total amount of the indicator acid used, 
the dissociation degree and pKa value of this acid in the present mixture can be derived (See chemical 
equilibrium S2 and eq. S2). 

Taking Figure S1 as an example. Step 1, The molar absorptivity (ε) of the indicator anion in this 
mixed solvent is equal to the slope of the plot which related several sets of anion concentrations c(In-) 
with corresponding absorbances Ab(In-) (See Figure S1a and c); Step 2, pKa value of each drop listed in 
Figure S1b and d can be calculated from the amount of the indicator acid c(HIn), the absorbance of the 
indicator anion Ab(In-) and the obtained molar absorptivity (ε) in step 1 according to eq. S2.
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eq. S2

Each pKa value was obtained as the average of eight to ten titrations within each run, and the final 
pKa was the average of two to three independent runs (SD ≤ 0.05 pK unit). In each experiment, the 
concentration of the indicator acid was controlled on the order of magnitude of 10-4 mol L-1 to avoid 
potential ion-pairing effect in solution.
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2. Representative UV-vis spectra for pKa measurements

All the measuring processes, from preparation of the indicator reservoir to the determination, 
were performed under strict water- and oxygen-free conditions. Thus, the custom-made UV cuvette 
and syringe were used (as shown below).
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Representative spectra recorded during the pKa measurement are given below. Others were 
obtained in similar procedures. The UV-vis spectra of indicator acids in IL/DMSO mixtures and 
experimental data are presented in Figures S1-S8.

Figure S1. (a) UV-vis spectra of phenylmalononitrile anion when titrating the phenylmalononitrile solution 
into the base 1,1-bis(ethylsulfonyl)-2-methylpropan-1-ide in the mixture of 99 mol% DMSO and 1 mol% 
[Bmim][NTf2]; (b) self-dissociation of phenylmalononitrile after each titration; (c) plot of the absorbance of 
phenylmalononitrile anion in figure a versus its concentrations for derivation of the molar absorptivity (ε); 
(d) experimental data for a and b.
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Figure S2. (a) UV-vis spectra of phenylmalononitrile anion when titrating the phenylmalononitrile solution 
into the base 1,1-bis(ethylsulfonyl)-2-methylpropan-1-ide in the mixture of 98 mol% DMSO and 2 mol% 
[Bmim][NTf2]; (b) self-dissociation of phenylmalononitrile after each titration; (c) plot of the absorbance of 
phenylmalononitrile anion in figure a versus its concentrations for derivation of the molar absorptivity (ε); 
(d) experimental data for a and b.
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Figure S3. (a) UV-vis spectra of phenylmalononitrile anion when titrating the phenylmalononitrile solution 
into the base 1,1-bis(ethylsulfonyl)-2-methylpropan-1-ide in the mixture of 98 mol% DMSO and 2 mol% 
[Bmpy][NTf2]; (b) self-dissociation of phenylmalononitrile after each titration; (c) plot of the absorbance of 
phenylmalononitrile anion in figure a versus its concentrations for derivation of the molar absorptivity (ε); 
(d) experimental data for a and b.
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Figure S4. (a) UV-vis spectra of phenylmalononitrile anion when titrating the phenylmalononitrile solution 
into the base 1,1-bis(ethylsulfonyl)-2-methylpropan-1-ide in the mixture of 90 mol% DMSO and 10 mol% 
[Bmpy][NTf2]; (b) self-dissociation of phenylmalononitrile after each titration; (c) plot of the absorbance of 
phenylmalononitrile anion in figure a versus its concentrations for derivation of the molar absorptivity (ε); 
(d) experimental data for a and b.
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Figure S5. (a) UV-vis spectra of phenylmalononitrile anion when titrating the phenylmalononitrile solution 
into the base 1,1-bis(ethylsulfonyl)-2-methylpropan-1-ide in the mixture of 40 mol% DMSO and 60 mol% 
[DBUH][OTf]; (b) self-dissociation of phenylmalononitrile after each titration; (c) plot of the absorbance of 
phenylmalononitrile anion in figure a versus its concentrations for derivation of the molar absorptivity (ε); 
(d) experimental data for a and b.
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Figure S6. (a) UV-vis spectra of phenylmalononitrile anion when titrating the phenylmalononitrile solution 
into the base 1,1-bis(ethylsulfonyl)-2-methylpropan-1-ide in the mixture of 99.5 mol% DMSO and 0.5 mol% 
[DBUH][OTf]; (b) self-dissociation of phenylmalononitrile after each titration; (c) plot of the absorbance of 
phenylmalononitrile anion in figure a versus its concentrations for derivation of the molar absorptivity (ε); 
(d) experimental data for a and b.
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Figure S7. (a) UV-vis spectra of 2,4-dinitrophenol anion when titrating the 2,4-dinitrophenol solution into 
the base 1,1-bis(ethylsulfonyl)-2-methylpropan-1-ide in the mixture of 98 mol% DMSO and 2 mol% 
[DBUH][OTf]; (b) self-dissociation of 2,4-dinitrophenol after each titration; (c) plot of the absorbance of 2,4-
dinitrophenol anion in figure a versus its concentrations for derivation of the molar absorptivity (ε); (d) 
experimental data for a and b.
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Figure S8. (a) UV-vis spectra of 2,4-dinitrophenol anion when titrating the 2,4-dinitrophenol solution into 
the base 1,1-bis(ethylsulfonyl)-2-methylpropan-1-ide in the mixture of 95 mol% DMSO and 5 mol% 
[Bmpy][NTf2]; (b) self-dissociation of 2,4-dinitrophenol after each titration; (c) plot of the absorbance of 2,4-
dinitrophenol anion in figure a versus its concentrations for derivation of the molar absorptivity (ε); (d) 
experimental data for a and b.
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3. pKa values of 2,4-Dinitrophenol in IL/DMSO mixtures

Table S1. pKa values of 2,4-Dinitrophenol in binary IL/DMSO mixtures

pKa of 2,4-Dinitrophenolb

xIL(%)a [Bmpy][NTf2] [DBUH][OTf]

100 12.8 9

5 4.75 --

3 4.6

2 4.6 4.6

1 4.7 4.5

0 5.1
5.1axIL, molar fraction of IL in DMSO. bIn pK units; standard deviations: ≤ ±0.05 pK units.
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