
making this family very suitable for compiling acidity scales.
The additivity of substituent effects in this compound family
helps to spot possibly erroneous measurements.

The origin of all used compounds is presented in the Sup-
porting Information.

GA Measurements. A pulsed FT-ICR mass spectrometer of
Kyushu University with a 3 T superconducting magnet was used.
The basic principle of the measurement method was the same
as reported previously.1,10,11 It consisted of leaking two gaseous
acids into the ICR high-vacuum section (cell region), generating
their anions by the impact of low-energy electrons, and letting
the formed anions react with the neutrals in the gas phase until
equilibrium is reached. The directly measured quantities are the
equilibrium constant (K) values of the proton transfer reaction
between two acids, A1H and A2H:

where A1
- and A2

- are the anions of the acids. The partial pres-
sures of the compounds were in the range of (n × 10-8)-
(n × 10-7) Torr.

However, a number of technical modifications were intro-
duced to the earlier method to increase the reliability of the
results:

1. Very long reaction times, up to 300 s, were used, when
necessary. To ensure reaching the equilibrium, the actual max-
imum reaction time used for every equilibrium measurement
was significantly longer than the time required to reach
equilibrium (see Table S1 in the Supporting Information for
details of the measurements).

2. The direct insertion probe was used for introducing
compounds of low volatility. The probe allows the compound
mounted into a small glass tube on the tip of the probe to be
inserted (via a vacuum lock) into the immediate vicinity of the
ICR cell and heated. This way, compounds of very low volatility
can be introduced to obtain sufficient vapor pressure. A number
of compounds used in this study (including all aromatic
sulfonimides) can only be introduced via this approach. In some
cases one of the reacting compounds was introduced from the
oven and the other one from the probe, but in many cases
(notably all measurements between aromatic sulfonimides) both
of the compounds had to be introduced from the probe.

3. Besides the readings of the pressure gauge, mass spectra
were also used to estimate the partial pressures of the com-
pounds. Two approaches were used: (1) the ratio of the partial
pressures is approximated by the ratio of overall ion intensities
in the positive ion mass spectra (recorded with negligible
reaction time) corrected by the ionization cross sections, and
(2) the ratio of the partial pressures of the neutrals in the gas
phase is approximated by the ratio of the signals of the anions
in the negative ion spectra extrapolated to zero reaction time.
The former approach was used in all cases when two aromatic
sulfonimides were introduced simultaneously from the direct

SCHEME 1: Experimental GA Ladder Together with Computational Data and AN pKa Valuesa-i

a All data from this work, unless indicated otherwise. See the Supporting Information for computational methods. b Without parentheses: G3(MP2).
In parentheses: DFT B3LYP 6-311+G**. c Ref 6. d Ref 12. e Ref 13. f Tos denotes the 4-CH3-C6H4-SO2- group. g Tf denotes the CF3SO2-
group. h Ref 5. i Ref 14, DFT B3LYP 6-31+G*.
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