
At higher partial pressures, H3O
+ and water molecules tend to

associate and complicate the measurement of the H3O
+ signal.

Under normal ICR working conditions, H3O
+ binds to H2O to

give OH3
+
· · ·OH2 at reaction times of several seconds. Thus,

the concentration of H3O
+ continuously decreases, and it is

difficult to guarantee a true equilibrium versus steady-state

condition. There have been a limited number of measurements5,8

where equilibrium between H2O and a base with GB below or

near H2O has been measured directly. One goal of this work

has been to directly study as many proton transfer equilibria

involving H2O as possible. In this study, H2O was used in

altogether four relative basicity measurements with both stronger

and weaker bases. The consistency of measurements in the

“triangle” formed by H2O, CS2, and CF3CN is very good. The

consistency in the triangle formed by H2O, CF3CN, and

(CF3)2CHOH is satisfactory at best. We did not succeed to build

a third triangle involving C2H4 because of experimental dif-

ficulties; in some cases, the apparent equilibrium constants at

different partial pressures did not agree, and in some cases, no

well-defined plateau was formed. One might suggest that the

discrepancy between ICR and HPMS data originates from the

particular slice immediately below H2O, the width of which has

been possibly misassigned by several kcal mol-1.

The outcome of the protonation of (CF3)2CHOH shows an

interesting dependence on the acidity of the proton source. Using

TABLE 1: Results of the GB Measurements and Calculations along with the Most Relevant Data from the Literaturea

this workb lit.b absolutec

ICR G2 W1 HPMSd ICRe HPMS W1 ref 4 recommended

no compound 373 K 373 K 373 K 373 K 373 K 373 K 373 K 298 Kf 373 K 298 K

1 CS2 10.4 12.2 13.9 12.2 157.0 156.9 157.2 157.0 158.4
2 H2O 8.6 11.2 12.6 12.4 5.5 157.2 155.6 157.7 156.4 158.3
3 FCN 11.4 12.9 1.8 155.9 143.7 155.9 157.8
4 C2H4 7.2 9.6 11.4 10.8 2.5, -1.4g 155.6 154.4 155.7 155.0 156.8
5 CF3CN 7.2 8.6 9.8 8.7 3.9, 4.4g 153.5 152.8 157.2 153.2 155.1
6 (CF3)2CHOH 4.9 5.4 3.1 156.8 150.7 152.5
7 F2NH 5.3 6.8 0.0 149.8 149.8 151.8
8 CF3CHO 4.4 3.4 4.7 2.7 147.7 156.2 147.7 149.6
9 C6F6 3.1 3.0 4.1 148.9 149.2 148.9 150.3
10 CH3Cl 2.8 3.6 4.1 147.1 148.4 147.1 148.6
11 (CF3)3COH 1.1 -0.5 1.3, 1.5g 154.6 145.7 147.5
12 CF3COCl 5.0 2.9 155.3 147.7 149.7
13 (CN)2 3.3 4.6 2.5 147.6 154.3 147.6 149.3
14 FSO2Cl 1.5 2.5 0.5 145.5 155.3 145.5 147.3
15 SO2 0.0 0.0 0.0 0.0 0.0 144.8 143.0 153.8 144.8 146.6
16 (CF3)2CO -1.3 -3.3 -1.6 -0.7, -0.8g 143.2 152.9 143.2 145.0
17 COSh 0.6 1.0 -0.4 -0.4 144.4 144.0 144.0 144.2 145.7
18 F2CO -3.8 -2.8 -2.0, -1.3g 140.2 152.2 140.2 142.0
19 CF3CCHh 4.7 0.8 145.6 146.3
20 (CF3)2O

h
-3.5 -2.2, -1.3g 142.6 144.2

21 SO2F2
h

-7.9 -6.0 -5.5 -3.0 139.3 137.0 138.7 138.1 139.9

a All data are given in kcal/mol (1 cal ) 4.184 J). b Values are given relative to SO2.
c Absolute values. HPMS from ref 9 and W1 from this

work. d Reference 9. The GB values were recalculated from 600 K to 373 K using the Van’t Hoff equation and the ∆H values given in ref 9.
e Reference 5 if not specified otherwise. f Although the temperatures in ref 4 are quoted as 298 K, most of the measurements were made at
other temperatures and were recalculated to 298 K. See ref 4 for details. g Reference 8. h Our G2 calculations indicate that CF3CCH and
(CF3)2O preferentially protonate on fluorine (more stable by 16.2 and 8.4 kcal/mol compared to protonation on the triple bond and oxygen,
respectively), which yields complexes of HF and the remaining cation. These complexes can further dissociate depending on experimental
conditions. In contrast, F2SO2 protonates on the oxygen (fluorine protonation is disfavored by 25 kcal/mol). COS protonates preferentially on
sulfur (oxygen protonation is disfavored by 4.4 kcal/mol).

SCHEME 1: Results of Direct FT-ICR Measurements of
δ∆G Values (in kcal ·mol-1)

TABLE 2: Correlations between GB Values from Different
Sourcesa

correlations a b R2 S0 N

HPMS vs ICR1 2.27 ( 0.29 0.95 ( 0.85 0.93 2.09 7
ICR vs ICR1 1.71 ( 0.25 0.11 ( 0.74 0.88 1.35 8
HPMS vs ICR 1.29 ( 0.1 0.19 ( 0.63 0.97 1.06 7
G2 vs ICR 1.36 ( 0.07 -1.25 ( 0.43 0.98 0.86 11
G2 vs ICR1 2.05 ( 0.32 0.64 ( 0.77 0.73 2.95 18
G2 vs HPMS 1.04 ( 0.06 -0.90 ( 0.45 0.98 1.09 9
W1 vs ICR 1.42 ( 0.10 -0.19 ( 0.65 0.97 0.86 7
W1 vs ICR1 2.15 ( 0.42 2.29 ( 1.09 0.73 3.4 12
W1 vs HPMS 1.05 ( 0.04 0.35 ( 0.37 0.99 0.76 7
W1 vs G2 1.07 ( 0.02 0.80 ( 0.16 0.996 0.39 14

a ICR, ICR1, HPMS: experimental basicities from this work, ref
5, and ref 9, respectively. G2 and W1: computational basicities
from this work at the G2 and W1 level. R2 is the squared
correlation coefficient; S0 is the standard deviation of the regression;
a, slope of the regression; b, intercept of the regression; N, number
of bases included in the regression model.
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