experimental evidence, including a di-
rect demonstration with electron para-
magnetic resonance spectroscopy (9),
has shown the presence of a substantial
quantity of the O,— ion in this system.
By analogy, it is expected that singlet
molecular oxygen would be generated
in this enzymatic system, and this ex-
pectation is strongly supported by the
observed chemiluminescence of a num-
ber of organic molecules present in the
xanthine oxidase system (/0). Since a
large number of biological oxidative
processes are thought to proceed by
way of an “electron transfer” step, the
possibility of the involvement of singlet
oxygen in such systems needs careful
evaluation.

The reaction of potassium superoxide
with water is the single most important
chemical source of oxygen for breath-
ing purposes in hospitals (/1), mines,
submarines (72), and space capsules
(13). Even if only a small fraction of
singlet oxygen survives quenching, it
could prove to be a serious health
hazard.

AHsAN U. KHAN
Institute of Molecular Biophysics,
Florida State University,
Tallahassee 32306
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Lunar Gravity over Large Craters from Apollo 12 Tracking Data

Abstract. The Doppler residuals from the Apollo 12 Iunar module radio track-
ing data indicate large negative accelerations over the craters Ptolemaeus and
Albategnius. The mass deficiencies required to produce these accelerations are
approximately equivalent to the removal of the surface material to a depth of
1 kilometer over the entire area of these craters. Several other features of the
gravity fine structure can also be correlated with topography.

The ballistic portion of the descent
trajectory of the Apollo 12 lunar mod-
ule presented a unique opportunity to
observe strong accelerations due to
lunar surface gravity fine structure
(less than 5° in diameter). Previous
Doppler radio tracking S-band data
from the five Lunar Orbiters have per-
mitted estimation of accelerations
caused by surface features greater than
10° (300 km) in diameter (/-3). Since

most of the Lunar Orbiter data were
obtained above an altitude of 100 km,
the very fine structural features, such
as craters, were unresolved. The bal-
listic portion of the lunar module
descent trajectory approached to within
12 km of the lunar surface, and this
close approach therefore makes possible
the resolution of accelerations caused
by features 50 km in diameter.
Unfortunately, the Apollo 10 and 11
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Table 1.

Mass deficiencies at detected locations.

Acceleration after Spacecraft Equivalent
Crater P altitude crater
Triaxial fit 20th order fit km depth
(mgal) (mgal) (kkm) (km)
Ptolemaeus —140 —87 14 1.0
Albategnius —100 —88 15 1.2
Unnamed crater — 90 —60 76 2.1

(latitude —12°,
longitude 105°)

descent phases were subject to commu-
nication losses which left such large
gaps in the Doppler tracking data that
it was impossible to obtain meaningful
information on gravity fine structure
(4). The Apollo 12 lunar module, how-
ever, was tracked successfully during
the entire 30-minute portion of the de-
scent trajectory visible from the earth.
The Doppler measurements were taken
at 10-second and 1-second intervals.
The spacecraft initial state was esti-
mated on the basis of these line-of-sight
velocity measurements with a simple
triaxial model for trajectory integration.
The remaining velocity residuals were
differentiated to provide a least-squares
filtered estimate of the accelerations
due to the fine structure of the near-
surface lunar gravity field, as was done
for Lunar Orbiter data (7). Simulation
studies (3, 5) have shown that this pro-
cedure provides precise location of near-
surface gravity anomalies, with esti-
mates of the magnitude of the actual
accelerations accurate to within 30 per-
cent.

The Doppler residuals of the data
measured at 10-second intervals, ob-

tained by the above procedure, are
shown in Fig. 1. The accelerations ob-
tained by differentiating a sequence of
patched cubic polynomials fitted to
these residuals are also shown. The
largest positive acceleration occurs over
the Mare Nectaris, already known to
be the location of a mascon (I). The
locations of the other sharp accelera-
tions are shown in Fig. 2, superim-
posed on a ground trace of the descent
trajectory. The data measured at 1-sec-
ond intervals. show the same features.

In order to reduce the spurious ef-
fects caused by the mascon at Mare
Nectaris, the data were also fitted with
a 20th degree and order spherical har-
monic gravity model (3), which was
constructed to fit the Doppler velocities
from Lunar Orbiter tracking data. The
resulting residuals and accelerations are
shown in Fig. 3. Over the region of
interest, this model has significant grav-
ity anomalies at Mare Smythii and
Mare Nectaris and, as would be ex-
pected, the residuals in these regions
are substantially reduced by compari-
son with residuals obtained with the tri-
axial model (Fig. 1). More importantly,
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Fig. 3. Earthward velocity residuals (asterisks), and resulting accelerations (circles),
after an orbit determination made by means of the 20th degree and order model.
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the spurious large residuals at the ends
of the data span have also been elimi-
nated.

The residual accelerations common
to both Figs. 1 and 3 provide the fol-
lowing information on the lunar grav-
ity fine structure:

1) The pair of sharp negative acceler-
ations at longitude 5° and longitude
—1° strongly imply negative mass anom-
alies at the craters Albategnius and
Ptolemaeus, respectively. If lines are
drawn through these points of peak
negative acceleration, in a direction
perpendicular to the trajectory ground
trace, the lines pass through the centers
of these craters as shown in Fig. 2.
The actual peak residual accelerations,
remaining after fits with both triaxial
and 20th degree and order gravity
models, are summarized in Table 1
together with the corresponding space-
craft altitude and the estimated depth
of the equivalent mass deficiency re-
quired to produce these negative accel-
erations. These negative mass estima-
tions were based on the somewhat
smaller residual accelerations remaining
after the 20th order fit. The reduction
in the largest residual (near Mare Nec-
taris and the trajectory ends) provided
by the 20th degree model suggests that
this model produces the more believ-
able fine structure gravity. :

2) The negative peak acceleration at
longitude +102° suggests a mass de-
fect associated with the unnamed crater
at latitude —12°, longitude 105° (the
longitudinal position is shifted to re-
store the distortion caused by viewing
geometry near the limb). The param-
eters of this feature are given in Table
1. We must, however, admit that the
small residual accelerations remaining
after the 20th degree and order fit
could indicate that much of the ap-
parent acceleration is due to the least-
squares filter distortion of the effect of
nearby Mare Smythii.

3) The two positive acceleration
peaks at longitudes 7° and 2° are prob-
ably due to the highland ridges near
craters Albategnius and Ptolemaeus.

4) The broad positive acceleration
peak at longitude 48° (altitude, 38 km)
may be due to a filled region of Mare
Fecunditatis. Although this feature is
broad enough to be resolved at Lunar
Orbiter altitudes (100 km), it would be
too small to show up strongly.

All the craters discussed here have
negative mass anomalies (deficiencies).
This is consistent with their formation
by meteorite impact, with subsequent
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vaporization and ejection of large
amounts of lunar and meteoritic ma-
terial, or with any other mechanism
that transports material out of a crater.
This further indicates that only partial
isostatic compensation has occurred.
The highland ridges produce local rel-
ative, positive accelerations at these
low altitudes. (These features had been
lost in the broad negative background

observed previously at higher altitudes.) -

The best example is the --20-mgal
“ridge” at +15° longitude. This cor-
relates closely with throwout shown on
the preliminary lunar geological map
of the U.S. Geological Survey. A low-
altitude (25 to 50 km) subsatellite with
S-band transponder would permit one
to map large portions of the lunar sur-
face to a resolution which is capable of
producing geophysically significant in-
formation and correlations with other
lunar data.
P. GorTtLIEB, P. M. MULLER
W. L. SJOGREN
Jet Propulsion Laboratory, California
Institute of Technology, Pasadena
W. R. WOLLENHAUPT
National Aeronautics and Space
Administration Manned Spacecraft
Center, Houston, Texas 77058
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“Polywater”: Possibility of
p-Electron Delocalization

Abstract. p-Electron delocalization
may be important in determining the
stability of the symmetric hydrogen
bonds in a recently proposed model of
“polywater.” '

Lippincott et al. (1) have suggested
a model for “polywater” in which sym-
metrical hydrogen bonds (O...H...0)
are the basic components for construct-
ing planar networks of hexagonal units.
This model was criticized by Donohue
(2) on the basis that eight different
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Table 1. Calculated stabilization energy and
bond order.

Energy stabilization,
.-H---0

Calcu- (o] Bond order,
lation bond unit 0O--‘H
(kcal/mole)
1 16.1 0.60
2 118.9 0.78

forms of ice and numerous hydrates
have an angle between adjacent hydro-
gen bonds very near the tetrahedral
angle, and hence that the 120° angles
proposed by Lippincott et al. are un-
satisfactory. However, similar reason-
ing, based on the observation of many
thousands of aliphatic hydrocarbons,
would lead one to conclude that ethyl-
ene is an unlikely species.

The symmetrical hydrogen bonds
were postulated (/) on the basis of
infrared spectra of “polywater” and by
analogy to the bifluoride ion. In the
case of the bifluoride ion (FHF—) a
theoretical study and -calculation by
McLean and his co-workers (3) show
that delocalization of the “lone-pair”
p-electrons on the fluorine atoms takes
place. This suggests that w-bonding is
partially responsible for the unusual
stability of the bifluoride hydrogen
bonds.

This same sort of p-electron delocal-
ization is possible in the model of poly-
water proposed by Lippincott et al.
(1). The delocalization of the p-elec-
trons on oxygen can be thought of as
being transmitted by a hydrogen atom
between any two oxygen atoms. This
requires that the hydrogen atoms have
some p-character. In the calculations
for FHF— hydrogen was indeed found

. to have such p-character (3).

The model, consisting of planar net-
works of hexagonal units (7), seems to
be an ideal circumstance for the de-
localization of the p, electrons on the
oxygens throughout the network to
form a p-w band. This is analogous to
what occurs in graphite, except that
the bandwidth and occupation of the
band would be different. On the basis
of this model the electronic conductiv-
ity of “polywater” is expected to be
significantly larger than that for normal
water. Unfortunately, no conductivity
measurements on “polywater” have
been reported to date.

The prior theoretical calculations on
“polywater”” have been of the CNDOQ/2
(4) and INDO (5) types of semiem-
pirical calculations, proposed by Pople
and his co-workers (6), and have not

made it possible to detemine whether
the p-character of the hydrogens is
important.

In the work reported here very ap-
proximate assessment was obtained of
the importance of p-character in the hy-
drogen bonds. Calculations of the
CNDO/2 type were modified to allow
specifically for p-character in the hy-
drogens (7). The -calculations for the
(H,0)¢ hexagonal unit are summarized
in Table 1. In calculation 1 the O....O
distance was taken as 2.3 A with the
internal hydrogens placed symmetri-
cally between the oxygen atoms. For
a symmetrical hydrogen bond a dis-
tance between the two oxygen atoms
of 2.3 A gives a minimum in the en-
ergy. The external hydrogens were
placed at 0.96 A from the oxygen (the
experimentally observed O-H distance
in normal H,0). All angles were taken
to be 120°. Calculation 1 was a normal
CNDO/2 calculation. Calculation 2
was identical to calculation 1 except
that an extra basis function (a p, orbi-
tal) was centered on the hydrogen
atoms involved in hydrogen bonds.

Calculation 2 (Table 1) leads to a
very large increase in stabilization. This
large increase could be very much in
error, however, because the basis set
on hydrogen has been increased (by
the addition of a p, orbital) whereas
the set of orbitals on the oxygens has
been kept fixed. This procedure leads
to an unbalanced basis set which can
lead to an overestimation of the charge
density in the vicinity of the hydrogen
atom. Since the CNDO/2 method with
the use of extended basis sets has not
been calibrated against ab initio cal-
culations in any published studies, it is
difficult to estimate the error involved
in the procedure used here. Although
the numerical values obtained are cer-
tainly not quantitatively correct, the
qualitative feature that p-electron de-
localization can have a stabilizing effect
could indeed be correct.

The stabilization energy is calculated
by taking one-sixth of the difference be-
tween the binding energy of the (H,0)q
unit and six times the quantity (the
binding energy of the H,O unit, with no
p, orbitals on the hydrogens, at the ex-
perimentally determined geometry of
an isolated H,0).

The results presented in Table 1 may
be compared with the estimates of Lip-
pincott et al. (1) of a stabilization en-
ergy of 60 to 100 kcal/mole and a bond
order of %5. The effect of p-electron
delocalization also explains the recently
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