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is all evaporated from the crucible. This time progres-
sion is illustrated by spectra (d) and (e).

None of the spectra obtained in this study gave any
definite indication for the presence of features which
could be associated with KOH, (KOH),, O,, or oxides of
potassium, If such species were present in the beam,
their energy-loss features were strongly overshadowed
by H,O and H;, Although, in principle, the contributions
to the elastic scattering from K, H,, and HyO could be
subtracted out on the basis of the known inelastic-to-
elastic scattering intensity ratios, these contributions
are 80 dominant that the resulting data would be mean-
ingless.

This study yielded a negative result as far as electron
scattering by KOH is concerned, but at the same time
demonstrated the progression of potassium hydroxide
vaporization as followed through the observation of en-
ergy loss spectra. This study has also shown that elec-
tron scattering data on KOH cannot be obtained by the
present technique because of the strong disturbing ef-
fects of the dissociation products., One will have to
come up with a more clever way to be able to attack this
problem,

3889

D work supported by the National Aeronautics and Space
Administration under Contract No. NAS7-100 to the Jet
Propulsion Laboratory.

Y NRC/NASA Senior Resident Research Associate: permanent
address: Institute of Physics, P. O. Box 57, Belgrade,
Yugoslavia.

D, W. Norcross, W. C. Lineberger, and E. C. Beaty,
Progress Report 11/1/75—-4/30/76, National Science Founda-
tion Contract AER74-~20552.

’L. A. Collins, D. W. Norcross, and G. Bruno Schmid, J.
Phys. B 12, 1019 (1979).

3W. B. England, J. Chem. Phys. 18, 4898 (1978).

‘R. F. Porter and R. C. Schoonmaker, J. Chem. Phys. 28,
168 (1958); 62, 234 (1958).

SA. A. Belyaeva, M. I. Dvorkin, and L. D. Shcherba, Opt.
Spectrosc. (USSR) 31, 210 (1971).

S. Trajmar, W, Williams, and S. K. Srivastava, J. Phys.

B 10, 3323 (1977).

"L. VuBkovié, S. K. Srivastava, and S. Trajmar, J. Phys. B
11, 1643 (1978).

SA. Chutjian, R. I. Hall, and §. Trajmar, J. Chem. Phys. 63,
892 (1975).

%A. Skerbele, M. A. Dillon, and E. N. Lassettre, J. Chem.
Phys. 49, 5042 (1968).

10, williams and S, Trajmar, J. Phys. B 10, 1955 (1977).

13 Trajmar, D. C. Cartwright, J. K. Rice, R. T. Brinkmann,
and A. Kuppermann, J. Chem. Phys. 49, 5464 (1968).

Radial correlations in associated liquids?
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The problem of the choice of summation method for
long range forces is a recurrent one in computer simu-
lation calculations for strongly polar and, in particular,
associated liquids. The most common procedure is to
use periodic boundary conditions and the so-called
spherical cut-off (SC) convention, which includes only
those interactions due to molecules in a sphere of fixed
radius centers on a given molecule. This method was
adopted in the pioneering Monte Carlo (MC) calculations
on water by Barker and Watts, ! in the subsequent mo-
lecular dynamics (MD) studies of Rahman-and Stillinger,?
and in the most recent MC investigations.3~® MD ecal-
culations carried out for a variety of models of H,0,
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NH; and HF have used the Ewald (EW) technique, "~
While neither of these approaches is entirely satisfac-
tory, it is of interest to ask whether or not the liquid
structure, as described, for example, by the atomic
radial distribution functions g,,(R), depends on the
summation method used. A number of contradictory
claims have been made. The MC(SC) calculations of
Clementi and his co-workers, 3** and those of Swamina-
than and Beveridge, ® show little dependence of g,g on
system size (from 64 to 343 molecules) in simulations
of H,O based on intermolecular force models derived
from quantum calculations. By contrast, in the work
of Ladd'® based on a variant of the EW method, there

© 1979 American Institute of Physics

Downloaded 30 Dec 2003 to 128.59.114.15. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp



3890

ol NH; (DESWK)

9

NN

R(A)

FIG. 1. Atomic pair distribution functions for liquid NH;. The
full (dashed) curves are the MD(EW) results for T=272 (547) K
and V =26.5 cm® mol™. The circles are the MC(SC) results for
277 K.

is not only a discernible size dependence but, more
seriously, significant disagreement with earlier results
of Rahman and Stillinger® based on SC. Klein and
McDonald!? have employed both SC and EW in their MD
calculations for models of liquid HF. For what are be-
lieved to be the more realistic models which were
studied, little difference was found between the various
L. the largest differences arose for the most dipolar
model. These findings can be rationalized in part in
terms of the known behavior of systems of hard spheres
with embedded dipoles and quadrupoles, for which Patey
and his co-workers'* have demonstrated the importance
of the quadrupole moment in breaking long range dipolar
correlations. One consequence of this is that for models
with reasonably large quadrupole moments, which in-
cludes most strongly polar systems, the choice of sum-
mation method is of minor importance and hence a mat-
ter of personal convenience. The reverse argument
may be used to explain the severe dependence on sys-
tem size seen in recent MC(SC) calculations®® on a dipo-
lar model of HF.

In the course of our separate researches into the
properties of molecular liquids we have had cause to
compute, independently, the g,z for intermolecular
force models proposed for NH; and HzO on the basis of
gas phase data. '%!? Unfortunately, neither of these
models yields liquid structures that resemble at all
closely those of the real systems. However, this point
is secondary here, since our main purpose is to use
these models as representative associated liquids for
which we may compare the results of MC(SC) and
MD(EW) calculations.

The MD(EW) calculations for liquid NH; were carried
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out for a cubic system of 108 molecules with V=26, 5
cm®mol™. The calculations ran for approximately 2000
time steps of 0.5x107'* s, all atoms being given the
same mass; the method of calculation is described else-
where.'® The g,4(R) for T =272 K are shown in Fig. 1
as solid lines and for T =547 K as dashed lines, the
average potential energy (U) being, respectively, —24.7
and —20.4 kJ mol™,

The MD(EW) calculations of g,s(R) for liquid H,0 are
shown in Fig. 2. For these a cubic (V=18.0 em® mol™)
system of 216 molecules was employed and the runs
{again with equal masses) were of approximately 1500
time steps of 1.0x10™* s. The solid lines show the
Zqs(R) for T=278 K ((U) = -39, 1 kJ mol™!) dashed lines
for T=410 K ((U) =~ 33.0 kJ mol™!). It should be noted
that our previously published results® for this model,
which we inadvertently attributed to 0 °C, corresponded
in fact to T=410 K. The present results thus serve as
a revision of these data, but the conclusions drawn pre-
viously concerning the adequacy of the model are un-
altered.

The MC(SC) results for liquid NH; were carried out
for 100 molecules confined to a Wigner-Seitz cell of the
face-centered cubic lattice with appropriate periodic
boundary conditions. The MC “experiment” was run
for 200000 moves starting from a previously equili-
brated configuration (for another potential) and utilized
a7 A cut off. The resulting gyy (T =277 K) is shown by
the circles in Fig. 1 and is virtually indistinguishable

9%pB ©

R(A)

FIG. 2. Atomic pair distribution functions for liquid H,O.
The full (dashed) curves are the MD(EW) results for T =277
(410) K and V' =18.0 cm®*mol™. The circles are the force-bias
MC(SC) results for 273 K.
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from the MD(EW) result; the average potential energy
was — 26,0 kJ mol™,

The MC(SC) results for liquid H,O at 273 K are shown
by the circles in Fig. 2. These were obtained by the
force-bias method recently introduced by Rac et al.®
The simulation run for 2. 16 x10% moves. A cubic sys-
tem of 216 molecules was used, with a cut off radius of
8.2 A, and the average potential energy was found to be
-39.3 kImol"!. The agreement with the EW calcula-
tion is remarkable. There are some small differences
between SC and EW, but these are insignificant in com-~
parison with previously reported®® discrepancies.

In summary, we find that there is little difference
between the SC and EW methods of computing g,s(R).
The implication of this is that computer simulation cal-
culations of g,, by either SC or EW can be used with con-
fidence in testing intermolecular force models for lig-
uids consisting of molecules with appreciable quadru-
pole moments. However, the same cannot be said for
dielectric properties, which pose different and as yet
unresolved problems, #*® or for the structural proper-
ties of those rather unrealistic models of strongly polar
fluids in which no account is taken of quadrupole inter-
actions.
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Photodissociation processes have been recently in-
vestigated with a high resolution. One of the main rea-
sons is that photodissociation experiments yield one of
the best ways of studying the dynamics of molecular col-
lisions since from the theoretical point of view! the dis-
sociation step can be described as a “half collision”
scattering. A central question is the internal energy
distributions of fragments resulting from photodissocia-
tion. When different dissociation channels are allowed
one can experimentally determine the branching ratio if
the resolution is good enough.

The photodissociation of the O; molecular ion is now
very well known.2"? In a previous paper® we have ana-
lyzed in detail the photopredissociation of O;. *® In that
work the O} molecular ion beam was studied both co-
axially and transversely with regpect to the polarized
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light of a cw dye laser and the O* photofragments were
recorded as a function of laser wavelength. Different
spectra have been obtained for different locations of the
spectrometer analysis window of the kinetic energy W
of photofragments in the center -of-mass system, The
knowledge of the dependence of the spectra on photo-
fragment energy allowed us to make an unambiguous
assignment of the individual lines in the transition:

O3(a'D,, v =4 or 5,5",Q" =|A| +%)
+hv~03(b*z;, v =4 or 5,N', F')
~-0(P) +0'(*s") . (1)

Moreover from the kinetic energy spectra we had-
determined (5) the energy of the first predissociated
levels of O3(b*Z;, v’ =4). Such a determination for the
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