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FIG. 1. (a) Proton resonance signals of bulk and complexed 
water molecules in a solution containing 1 mole of AlCla and 18 
moles of water. (b) Appearance of the signal arising from the 
waters of hydration in the same solution, as a function of tempera­
ture. 

of the fact that Connick and Fiat,B by an 170 NMR 
study, measured a value of 11 kcal for IlHt for the 
exchange of entire water molecules from the solvation 
shell of Ni(II). The kinetic data in Table I depend 
critically on 15o, which in turn is affected by the viscosity 
of the medium and possibly by the interaction of the 
solvating water molecules with the nuclear quadrupole 
of Al(III). Thus, although IlHt was measured with a 
precision of about 15%, the accuracy of the value of 
24 kcal remains doubtful at the present time. A re­
finement of the experimental techniques to include a 
consideration of all parameters is now underway. 
Further, proton magnetic resonance coordination 
numbers and kinetic studies of a wide variety of 
metal ions in water and in aqueous solvent mixtures 
are being conducted. 

This work was supported by Grant No. 14-01-0001-
762 from the Office of Saline Water, U. S. Department 
of the Interior. 
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Notes 

Emission of Light during the Oxidation of 
Hydrogen Sulfide 
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(Received 9 March 1967) 

During a study of the oxidation of hydrogen sulfide 
in shock waves,! the emission of light was observed. In 
order to determine the nature of the excited species 
responsible, the emission from 32 successive reflected 
shocks in 2% H2S, 3% O2, and 95% Ar mixtures, at a 
temperature of ,,-4000oK, was superimposed on a 
single plate using a Hilger E517 quartz spectrograph. 
The spectrum consisted of a series of broad bands on a 
continuum background. The bands in the range 2760-
2409 A with heads at 2750, 2725, 2625, 2584, 2550, 
2525, and 2409 A were attributed to S022 and lines at 
3945, 3810, 3503, 3428, 3270, 3245, 3166, 3051, 2961, 
and 2748 A were identified as belonging to the spectrum 
of SO.2,3 No evidence for SH, S2, or other molecular 
species was obtained. 

The emission from incident shock waves was investi­
gated by simultaneously isolating two wavelength 
regions using a Hilger D323 monochromator with 
vitreous silica optics and a Hilger D285 monochromator 
with quartz optics. The signals were detected by E.M.I. 
9526B photomultipliers, the outputs being displayed 
on oscilloscopes and the traces recorded photographi­
cally. Identical time-dependent behavior was observed 
at all wavelengths in the range 2100-5500 A indicating 
that the emission spectrum is primarily a continuum. 

The variation of peak intensity with wavelength was 
obtained by comparing the output in each region with 
that from a simultaneous measurement at 2800 A, 
correcting as far as possible for the change in sensitivity 
of the photomultipliers and in transmission of the quartz 
optics at different wavelengths. The resulting envelope 
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FIG. 1. Comparison of the induction-time-vs-temperature 
relations for OH absorption (A); SOl absorption (B); and light 
emission (C). 
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showed a broad maximum lying between 2600 and 
3400 A. If the luminous gas were assumed to behave as 
a blackbody source, the corresponding temperature 
would lie in the range 8500-11 OOO°K. Although some 
fluctuations were observed in the time dependence of 
the emission, it is unlikely that the emission is due to 
solid particles. The emission spectrum appeared to 
correspond very closely to spectra observed from 
shock-heated sulfur dioxide,4 from flash photolysis of 
H2S-02 mixtures,5 and from luminescence associated 
with the recombination of SO and 0.6 The emission is 
therefore attributed to excited states of S02, both 3B 
and !B states probably contributing. 

The light could be detected only after an induction 
period, the duration of which was measured by isolating 
the wavelength region 3900 to 2850 A using a Kodak 
18A filter. For 4% H2S, 6% O2, and 90% Ar mixtures, 
over the temperature range 1660--2535°K, the induction 
time was best represented by the relation 

r(sec) = 10--6 .02 exp(22.09± 1.64 kcalj RT). 

Comparison of this relation with the results of the 
previous work (Fig. 1) shows that the S02 emission 
appears after the appearance of S02 in absorption but 
before the appearance of OH in absorption. 

In the studies on direct shock heating of S02,4 no 
significant time lag was reported, and it is therefore 
suggested that the emission is not due to direct thermal 
excitation of ground-state S02 formed during the 
reaction but that excited S02 is produced by a different 
mechanism. The ground state molecule is probably 
formed by the reaction 

SO+02~S02+0, 

and the most likely alternative, which is also believed 
to be responsible for the appearance of a similar spec­
trum in the flash-photolysis studies,5 is 

SO+~S02*. 

This would seem to imply that the induction-time 
measurements refer to a steep rise in the product of the 
SO and 0 concentrations. Qualitatively, this inter­
pretation is probably allowed by the mechanism for the 
oxidation proposed previously,! although it can only be 
confirmed when the rate constants for the individual 
steps have been determined. 
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It has been recently suggested! that the use of a basis 
set written in elliptical coordinates and including non­
integral powers of the coordinate ~ may have some 
advantages in convergence over the usual integral 
elliptical orbitals for diatomic molecule calculations. 
Studies carried out on H2+, H2, and HeH+ 1 indicate 
that this speculation may be valid for these small 
systems, but the improvement brought about by the 
use of such nonintegral powers was of little significance 
in some cases. Therefore, calculations have been carried 
out on the ground state of LiH in an attempt to ascer­
tain whether or not worthwhile improvements in the 
energy can be obtained through introduction of these 
nonintegral powers. 

The functional form of the orbitals employed is 

(n, m, 0, n =e'rr exp( -0~-~7J). (1) 

Hartree-Fock-Roothaan calculations2 have been carried 
out using a basis of four, five, or six functions utilizing 
both integral and nonintegral values of n at an inter­
nuclear separation (R) of 3.00 bohrs. An additional 
six-basis integral n calculation was also performed at 
R=3.02 bohrs. In all of these calculations two orbitals 
are employed for the representation of the Li inner 
shell while the remaining functions serve mainly to 
describe the bonding orbital. An open-shell valence­
bond calculation of the type carried out by Harris and 
Taylor3 and using a single configuration was also made 
at R=3.00. 

The energy results are summarized in Table I along 
with the computed values of the dipole and quadrupole 
moments. It is evident from inspection of these results 
that the use of nonintegral values of n has only a small 

TABLE 1. Values of the energy, dipole and 
quadrupole moments. 

Basis' R Typeb Energy< 
Dipoled Quadrupole· 
moment moment 

4 3.00 SCF,I -7.98224 -6.039 -4.961 
4 3.00 SCF,N -7.98305 -6.050 -4.954 
5 3.00 SCF,I -7.98712 -5.994 -4.500 
5 3.00 SCF,N -7.98719 -5.993 -4.465 
6 3.00 SCF, I -7.98722 -6.012 -4.504 
6 3.00 SCF,N -7.98724 -6.009 -4.497 
6 3.02 SCF,I -7.98725 -6.035 -4.537 
4 3.00 VB,I -8.00416 -5.933 -4.871 
4 3.00 VB,N -8.00525 -5.937 -4.896 

a Number of basis functions used in the calculation. 
b Type of calculation (l denotes an integral basis. N a nonintegral basis). 
C Energy in hartrees. 
d Dipole moment in debyes. 
e Quadrupole moment in units of 1026 eSll ·cm2• 
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