the chromosphere, exhibit a significantly
larger broadening than the absorption pro-
files on the disk (2 to 3 km s™1!) (2, 13).

The large horizontal velocities implied
by these excess line widths are reminiscent
of the almost adiabatically expanding cool
gas overlying granules in the upper reaches
of granular simulations (14). Our observa-
tions suggest that on the real sun the
convective overshoot does not stop at the
temperature minimum, as is tacitly assumed
in practically all current granular simula-
tions, but continues into the lower chromo-
sphere. In addition, the horizontal super-
sonic velocities seen in recent numerical
simulations of solar convection (15, 16) are
possibly common in the dark heart of the
lower chromosphere. One interpretation of
the observations is that the CO lines form
mainly in the granule centers, upstream of
the shock fronts located near the downflow
lanes. Hence, although the CO limb emis-
sion is well reproduced by hydrostatic atmo-
spheres, the influence of convective dy-
namics on the stratification of the cool gas
should be carefully investigated.

This cold chromospheric component sur-
vives even in the presence of substantial
acoustic energy deposition (except at loca-
tions where the heating is particularly in-
tense, such as magnetic elements) because of
a combination of CO radiative cooling (17)
and adiabatic expansive cooling. Energy
deposition does produce a hot thermal zone
overlying the cool layers (4, 18). The mag-

s R s P R B B

netic field, which produces a magnetic can-
opy with a base close to Z (19), probably
tends to stabilize the location of the steep
rise of the temperature at the top of the heart

of darkness of the solar chromosphere.
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Void Structure in Colloidal Dispersions

Kensaku Ito, Hiroshi Yoshida,* Norio Ise¥}

The time evolution of void structures in highly purified polymer latex dispersions was
studied with a confocal laser scanning microscope. In such dispersions, which were initially
homogeneous, the voids grew with time when the dispersions were kept standing and
formed more quickly in the internal material than in material close to the glass-dispersion
interface. Void formation is thus not an artifact arising from the presence of the interface.
A similar structural inhomogeneity, in apparently homogeneous systems, is discussed for
simple ionic solutions, ionic polymer solutions, and Langmuir-Blodgett films.

Dilute polyelectrolyte solutions give a sin-
gle, broad peak in the small-angle x-ray
scattering profile which is attributed to the
formation of an ordered structure (1). Al-
though this interpretation of the peak was
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substantiated by a theoretical calculation of
the scattering function by Matsuoka et al.
(2, 3), we were left with the intriguing
result that the Bragg spacing between mac-
roions in the ordered structure (2D,, ) (ex-
perimental uncertainty of order +10%) was
much smaller than the theoretical average
spacing (2D,) expected from the overall
macroion concentration. For example, a
fractionated sodium polyacrylate with 1470
monomer units had a 2D, , value of 88 Aat
a polymer concentration of 0.02 g/ml and
22°C, whereas the theoretical 2D, was 222

. The same trend was observed for various
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ionic polymers, including highly charged
globular proteins.

According to a simple stoichiometric
consideration, the difference between the
two spacings indicates that localized, non—
space-filling ordered structures exist. The
total sum of the volumes of these ordered
structures must be 0.06 [=(88/222)3] of the
solution volume (although the volume of
the single localized structure is not known),
leaving 94% of the solution volume occu-
pied by disordered macroions or voids. The
coexistence of the ordered structure and
free macroions appears to be supported by
observation of slow and fast diffusion modes
by dynamic light scattering (4).

Independently, Hachisu et al. (5) suc-
cessfully observed under microscope void
structures in dispersions of ionic polymer
latex particles. This observation was con-
firmed by two groups (6-8), which reported
huge and stable voids in apparently homo-
geneous dispersions. Voids were stable over
about 10 hours and were observed even in
samples several months old (7). Thus, we
decided that the void structure must be
considered if the true nature of interparticle
interactions is to be sought. To eliminate
the effect of the glass-dispersion interface
(wall effect) in the void formation, we (9)
used a confocal laser scanning microscope,
which allowed observation of particles at a
greater distance from the interface than
previous microscopes (for example, even at
700 wm in a latex concentration of 0.01%
for polystyrene-based particles in a D,O-
H,O mixture). We found that huge, stable
voids existed in the interior of the disper-
sion. Voids as large as 50 wm by 150 wm by
50 wm have been photographed (10).

The implication of the existence of such
large and stable voids has recently been
discussed (10). The voids testify to the
présence of an attractive interaction be-
tween the colloidal particles. Here we de-
scribe a preliminary study of how the void
structures in latex dispersions changed with
time and depth from the top of the disper-
sion. The confocal laser scanning micro-
scope (Carl Zeiss, Oberkochen, Germany)
had a X100 oil-immersion objective and a
5-mW Ar laser. We used styrene-based
latex (N1000; diameter, 0.96 wm; charge
density, 12.4 pC/cm?; Sekisui Chemical,
Osaka). The density was matched by select-
ing a D,0-H,0 mixture. The dispersion
temperature was kept constant with a ther-
mostatted air bath. As described previously
(11), latex dispersions were extensively
washed with an Amicon Model 202 and a
Diaflo XM300 with Milli-Q reagent-grade
water. The dispersions were put into a
container with highly purified ion exchange
resins. The containers were allowed to
stand or were rotated to facilitate rapid ion
exchange until the resin particles started to




become suspended in the dispersions.
Then, the dispersions were transferred into
a (cylindrical) Pyrex cell (height, 1 cm;
diameter, 2 cm) together with Bio-Rad ion
exchange beads [AG501-X8(D)], which
had been washed with a mixture of D,O
and freshly obtained Milli-Q water. The
whole mixture was vigorously shaken and
placed on the microscope platform. The
homogeneity of the particle distribution
was confirmed by observation. After the
dispersions had been left standing for 24
hours, void formation was observed. The
void-containing dispersions were again
shaken, particle distribution was random-
ized (Fig. 1), and the dispersions were again
allowed to stand on the microscope plat-
form (this was defined as time ¢t = 0).
Thereafter, scanning micrographs were tak-
en of particles that were sufficiently distant
from the resin particles (>0.5 cm).

A series of pictures taken at various
times and distances (Fig. 2), showing
cross-sectional views of particle distribu-
tion, reveals some interesting features.
Comparison of pictures at a fixed distance
d from the glass-dispersion interface and at
three different times (Fig. 2, second row at
d = 10 pm and, though less clearly, first
row at d = 0) shows that the particle
distribution changed with time from ho-
mogeneous to inhomogeneous, that is, the
voids grew with time. This observation
suggests that the voids were not induced
by a third substance on the uncleaned
glass surface. If the void is an artifact,
stable voids ought to have been visible
from the beginning of observation.

When the particle distributions are com-
pared at a fixed time and at different dis-
tances (Fig. 2, columns), it is clear that the
voids are formed more quickly internally
than very close to the interface. That is,

Fig. 1. Confocal laser scanning micrographic
image of random particle distribution. Latex,
N1000 (diameter, 0.96 um; charge density,
12.4 nC/cm?); latex concentration, 2%,; disper-
sant, D,0-H,0. The latex particles are seen as
white dots. The image shows the particle distri-
bution in a horizontal focus plane.

the void size increases with increasing d.
This observation also excludes the possibil-
ity that voids originate from impurities be-
cause the effect of impurities should de-
crease, hence the void size should decrease,
with increasing distance from the interface.

Adsorption of particles by oppositely
charged resin particles can be thought of as
a possible cause of void formation under
these experimental conditions. However, if
this were the case, the overall concentra-
tion of particles would definitely be low-
ered. Consequently, this hypothesis cannot
account for “localized” diminution of parti-
cle concentration, namely void formation.

Previously (5-8), with small particles
(diameter, 0.3 to 0.5 wm), void structures
were seen to coexist with ordered struc-
tures. However, here and in recent studies

0 um 2hours Opum

2 hours

10 pm

REPORTS

(9, 10), void structures coexisted with dis-
ordered particles. Because the purification
of the dispersion was always carried out to
the same extent in our work (6, 8-10), it is
unlikely that the observed discrepancy is a
result of different levels of ionic impurity.
One plausible explanation is that the par-
ticles used in these recent papers were fairly
large (about 1 wm in diameter). Because of
the relatively low diffusibility of such large
particles, ordered structures could not form
within the observation period. However, a
detailed discussion must await a systematic
study of the relation between particle size
and crystallization rate.

It is of interest to consider the possible
presence of void structures in other ionic
systems. Void structures were never suspect-
ed to exist in colloidal dispersions before the

4 hours O pum 7 hours

4 hours 15 pum 7 hours

Fig. 2. Void structures as seen by confocal laser scanning microscope at various times and distances
from the glass-dispersion interface. The experimental conditions are the same as in Fig. 1. Direct
micrographs were image-processed by an image data analyzer SEM-IPS (Carl Zeiss, Oberkochen,
Germany) to obtain stronger contrast. Photographing conditions were adjusted between pictures so
as to attain better contrast between particles and background. This caused distortions (for example,
in the particle size) in the final images. The scale given applies to all nine pictures.
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observation by Hachisu et al. (5). In simple
ionic systems, the presence of void structures
can be inferred at least qualitatively from
extended x-ray absorption fine structure
data, which showed that the average dis-
tance between Zn?* and Br™ is 2.37 A in
0.089 M ZnBr, aqueous solutions and 2.30
Ain 0.05 M solutions (12). These values are
very close to the interionic distance ob-
served in the crystalline state (2.40 A).
From these findings, it was claimed that
“some local order, resembling that of the
corresponding crystals, exists” in the aque-
ous solutions. The same conclusion was also
reached for NiBr,-ethyl acetate solutions
(13) and aqueous CuBr, solutions (14).
Comparing the reported interionic distances
with the average interionic distance (22 and
19 A for 0.05 and 0.089 M solutions, respec-
tively) [=(1000/3CN )3, where C is the
molar concentration and N, is Avogadro’s
number], we estimate that local order occu-
pies only a very small portion of the solution
volume, implying that voids occupy most of
the solution volume. It should be mentioned
that local structures and also voids in simple
ionic solutions, such as metal halides, have
very short life-spans (15).

The - following recent finding suggests
that microscopic inhomogeneity in solute
distribution is a general characteristic of
ionic systems. Matsumoto et al. (16, 17)
studied single Langmuir-Blodgett (LB) films
of fatty acids and their barium salts by
dark-field electron microscopy and found
the coexistence of solid, liquid, and gas
structures (being “hole” or “porous,” ac-
cording to their terminology). Amazingly,
pictures of holes as large as 4 pm in diam-
eter can be seen in the film [figure 9 of (17)
for arachidic acid]: It does not seem unrea-
sonable to imagine much larger holes in the
solutions before they are cast into film.
Atomic force microscopy (AFM) has re-
vealed domain formation in “liquid-like”
regions in LB films (18). Although it is not
clear from the AFM images whether void
structures were maintained in the space
between the domains, this study clearly
demonstrates structural inhomogeneities
that could not be seen by conventional
fluorescence microscopy.

Needless to say, relatively rapid Brown-
ian agitation of small ionic species smears
out the void structures so that their presence
does not matter on the time scale of ther-
modynamic measurements. On the other
hand, the long time scale of the motion of
latex particles and their size enabled us to
make real time microscopic observations of
structural inhomogeneities, such as two-
state structure and void formation in colloi-
dal dispersions. Such structural inhomoge-
neities would seem to be important if the
thermodynamic properties of the dispersions
are to be thoroughly understood.
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Synthesis and Characterization of Molybdenum
Carbide Clusters Mo,C,,, (n = 1 to 4)

Changming Jin, R. E. Haufler, R. L. Hettich, C. M. Barshick,
R. N. Compton, A. A. Puretzky;* A. V. Dem'yanenko, A. A. Tuinman

Laser radiation (XeCl laser, 308-nanometer wavelength) focused into a cell containing
Mo(CO), vapor produced ultrafine particles in the extended waist of the laser beam.
Negative ion mass spectrometry revealed molybdenum carbide cluster ions with a stoi-
chiometry Mo, C,,, (n = 1 to 4). The Mo,C,,,~ (n = 2 to 4) ions are completely unreactive
with NH;, H,0, and O,, suggesting structures in which the molybdenum atoms are
unavailable for coordination to additional ligands. Collision-induced dissociation studies of
these anions show the loss of MoC, units as the main fragmentation pathway. This
observation, together with the lack of addition reactions, provides a basis for structures in
which a planar cluster of two, three, or four molybdenum atoms is surrounded by, and

bonded to, carbon dimers.

M echanisms leading to the multiphoton
excitation and ionization of organometallic
molecules are of considerable current inter-
est. Multiphoton excitation of many organo-
metallic compounds in the gas phase leads to
the copious formation of bare metal atoms
and metal ions (I). Laser irradiation of
organometallic vapors has found many appli-
cations in chemical vapor deposition (2).
Recent studies (3, 4) have reported the
formation of ultrafine particles when gas-
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phase carbonyls of transition metals such as
Mo(CO)¢, Cr(CO)g, and W(CO), were
exposed to XeCl laser radiation. Scanning
electron microscopy studies indicated that
the particles are less than 1 wm in diameter.
The composition and properties of these
particles were not characterized. In this
report, we present a detailed description of
the identification and characterization of
the bulk material formed by XeCl laser
irradiation of Mo(CO); in the gas phase. A
class of molybdenum carbide clusters,
Mo,C,. (n = 1 to 4), was observed. The
stoichiometry and properties of these clus-
ters were examined by laser desorption Fou-
rier transform ion cyclotron resonance mass
spectrometry (FTMS) and thermal desorp-
tion electron capture mass spectrometry.
FTMS ion-trapping and manipulation tech-
niques were also used to examine the colli-
sion-induced dissociation, ion-molecule re-
actions, and charge exchange reactions of





