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(26) One possibility suggested in the literature4 is that His-119 may not be 
protonated when the substrate is first bound to RNase A. If His-119 is initially 
neutral and does protonate the leaving group, this suggestion implies that 
His-119 protonates the leaving group with the hydrogen abstracted from 
O2'. For this step to occur, the abstracted hydrogen must be transferred 
from the group which deprotonates O2' to His-119. It seems likely from the 
X-ray structure of RNase A1 2 that only His-12 could be involved in such 
a hydrogen transfer. If this is true, it is difficult to account for the enzymatic 
activity observed when His-12 is blocked27 or missing.13 Furthermore, a 
positive charge on His-119 will aid In stabilizing the negatively charged 
phosphate group.4 It also should be noted that a His-12-His-119 proton 
shuttle is not required for microscopic reversibility.4 Consequently, we did 
not consider this possibility when carrying out our calculations. 
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The Hydronium Ion (H3O
+). 

Preparation and Characterization by High 
Resolution Oxygen-17 Nuclear Magnetic Resonance1 

Sir: 

First postulated2 in 1907, the existence of protonated water, 
the parent oxonium ion, gained wider acceptance with the 
acid-base theory of Br^nsted3 and Lowry.4 Hund5 suggested 
for HjO+ a tetrahedral geometry and Hiickel6 provided the 
first quantitative discussion of the "anomalous" mobility of 
the hydrogen ion. The lifetime of HjO+ in aqueous solution 
was estimated to be about ten times longer than the duration 
of molecular vibrations.7'8 Experimental work (IR,9 Raman,10 

1H NMR,11 X-ray,12 mass spectrometry13) reported to date 
indicates the presence of the hydronium ion, both in solution 
and solid phase. The strongest evidence for the existence of the 
long-lived ion was reported by Gold and co-workers.1 le They 
observed in the proton spectrum of the partially deuterated 
HSO3F-SbF5-H2O system in SO2 or SO2ClF between -20 
and —60 °C three signals, of which one was a triplet assigned 
to H2DO+, another one, an unresolved multiplet, assigned to 
HD2O+, and the third, a singlet, assigned to H3O+. However, 
no direct proof has yet been obtained to unambiguously dem
onstrate the structure and, particularly, the geometry of this 
ion. 

We present here such a proof, namely the high resolution 
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population analysis, bond strength is equated to overlap population. 
(38) Although it is irrelevant for the mechanistic studies discussed here, it is 

interesting to note that Gorenstein et al.'s31di39 NMR results for dianionic 
inhibitors indicate a strong hydrogen bond between His-119 and a phos-
phoryl oxygen but not a transferred hydrogen as found in this work. There 
are at least two reasonable explanations for this. One is the possibility of 
a nonlinear hydrogen bond between His-119 and the phosphoryl oxygen 
in Gorenstein et al.'s work.39 Another strong possibility is the inadequacy 
of the CNDO/2 calculations in discriminating between the strong and 
transferred hydrogen bond cases. 
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17O NMR spectrum obtained from a 1.5 M solution of 17O-
enriched water14 in SO2, with a slight excess of HF-SbF5 (1:1 
M). At —15 0C a quartet was observed (Figure lb), which 
collapsed into a singlet (56-Hz FWHM) upon proton noise 
decoupling (Figure Ic). The measured 17O-H coupling con
stant is 106 ± 1.5 Hz and the chemical shift, 9 ± 0.2 ppm 
downfield from external H2O (or 496 ppm upfield from SO2 
which was the solvent). 

The H3O+ spectrum is to be compared with that of H2O, 
dissolved in CCI4 (Figure la), where we observed15 a very 
sharp triplet (7.6-Hz fwhm, J0-H = 79.9 Hz) at 12.6 ppm 
upfield from the broad signal of bulk water (probably present 
as microscopic droplets in suspension and/or on the wall of the 
NMR tube). 

Our finding clearly demonstrates the tying of three equiv
alent protons to an oxygen atom in a bona fide covalent 
species17 and allows interesting conclusions regarding its 
properties. 

The ion can have a very long lifetime (which implies a sig
nificant proton exchange barrier). In fact, convinced that a 
nonexchanging species would only be observed at very low 
temperature, we started the experiment at —70 0C (just above 
the freezing point of SO2). A very broad oxygen signal was 
observed, barely revealing a fine structure. This is probably 
due to hydrogen bonding and/or viscosity effects. Warming 
the solution resulted in progressive sharpening of the quartet 
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Figure 1. The 0-17 FT NMR spectra (Varian XL-100) of (a) H2O in 
CCI4, 360 000 transients at 0.1 -s repetition rate; (b) H3O

+ in SO2 at -15 
0C, 10 000 transients at 0.1-s repetition rate; (c) H3O

+ in SO2 with proton 
noise decoupling. 

lines, with the best spectrum being obtained at a temperature 
close to the boiling point of SO2.'8 No alteration of the coupling 
constant was observed. The relatively narrow line width (34 
Hz) indicates that in H30+ the oxygen electric field gradient 
is small; this is the first experimental result which should 
provide a better basis for the assessment of theoretical 
work.19 

The ion is, at least under our conditions, practically planar. 
This is supported by two facts associated with the magnitude 
of the 17O-H coupling constant. First, assuming a linear 
relation between /O-H and the s character of the oxygen orbital 
hybridization,20 the 33% increase in the /o-H in going from 
H2O (sp3 hybridization) to HaO+ indicates that in the latter 
the oxygen hybridization is sp2, hence its planarity. Second, 
should the equilibrium conformation of HaO+ be pyramidal 
(i.e., more toward an sp3 hybridization) and the inversion 
barrier insignificant,21 the coupling constant should average 
to a value between 79.9 and 107 Hz, which is not the case. 

Our result thus confirms ab initio calculations which in 
general predict the planar geometry to be the most stable22 and 
disagrees with the semiempirical methods which predict a 
tetrahedral configuration.23 The planar geometry is also in 
agreement with the high (>700 cm-1) frequency of the Ii-
brational mode found in IR spectroscopy.8b 

We refer now to the linear relation20 between /O-H and the 
bond length, r(O-H). Two points, each given by a A)-H and 
r(O-H) value, are needed to obtain the equation. While there 
are reliable data for H2O (-79.9 Hz; 0.958 A),24 for H3O+ 

only JQ-H (—106 Hz) is now well established. Assuming 0.98 
A for r(O-H) in H3O+, the following equation is obtained: 

KO-H) = (0.890-8.429 X \Q~A)J0-H A 

Thus for protonated acetone,25 where we found 7O-H = 85 ± 
5 Hz, an O-H bond length of 0.961 ± 0.005 A is calculated. 
The measured coupling constant indicates that in protonated 
acetone the oxygen hybridization is almost sp3; i.e., the reso
nance form with a formal positive charge on the carbonyl 
carbon is dominant. 

For an sp hybridization we predict Jo-H — 160 Hz and 
/•(O-H) =; 1.02 A; it would be of great interest to obtain O-

protonated carbon monoxide in order to see whether or not it 
is linear. 

We are presently investigating the kinetic properties of 
H3O+ under various solvent and temperature conditions and 
are also seeking evidence for the existence of H402+, Hs02+, 
H7O3

+, H904+, and OH - . Details will be reported in a 
forthcoming full paper. 
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