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The goal of this program is to operate an infrared spec-
trometer system to measure the thermal emission of the at-
mosphere for an extended period including part of the austral
winter. The thermal radiation is produced by carbon dioxide,
water, chlorofluorocarbons, and stratospheric gases such as
ozone and nitric acid as well as clouds and other trace species
with strong infrared bands. The atmospheric emission radi-
ometer (AER) will record the infrared spectrum which will then
be used to deduce amounts for many of the gases listed.

A prototype instrument was operated for a few weeks at
Amundsen-Scott South Pole station during the 1982 - 1983
austral summer. With the experience gained from that experi-
ment, a more elaborate system was constructed with extended
spectral range, improved sensitivity, automatic controls, and
long-term operating capability. The AER is a 1-'/4-meter grating
spectrometer with three detectors simultaneously recording
the first three grating orders. Spectral coverage is 6.5 to 25

microns (with small gaps at order changes). The instrument is
equipped with a rotatable mirror which directs radiation into
the instrument from elevation angles of 45°, 15°, - 45°, or from a
calibration source. The system is controlled by a microprocessor
system which also packs data for storage on two '/4-inch tape
data cartridges.

The instrument starts a measurement sequence by recording
a spectrum of the radiation from 45°. It then records two spectra
from 15°, one from -45' (snow surface), and one from the
calibration source. The view angle is returned to 45° and another
spectrum recorded. The grating is then parked on a specific
wavelength, and data is recorded at a slow rate for about 8
hours, when the sequence repeats. The two data cartridges
have the capacity for about 300 days of operation.

Frank H. Murcray, Fred Fernald, and James Gillis arrived at
South Pole Station in early December. With the help of station
crew, the instrument was installed on the roof of the Clean Air
Facility and began operating on 10 December. Frank J . Murcray
monitored operation until 28 December when the system was
left to be maintained by winter-over personnel. Besides mea-
suring known atmospheric gases, the data will be examined for
possible detection of dinitrogen pentoxide, which is predicted
to be present by photochemical models but has not yet been
observed. The AER will provide an initial site survey for infrared
astronomy by measuring atmospheric emissions over a long
period. It will also give information on the radiative balance of
the antarctic region from the observations of the snow surface.
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To clarify the mechanism of polar atmospheric ice crystals, I
examined aerosols for ice nucleation at the South Pole in austral
summers 1982 - 1983 and 1983— 1984. Formation of ice crystals
on the aerosols was confirmed when relative humidity rises to
82 percent at - 25°C or 79 percent at - 37°C. On the basis of
these observations, I postulated that the hygroscopic aerosols in
the polar atmosphere deliquesce in ambient humid air and are
followed by freezing of the submicron-sized water droplets to
ice crystals at low temperatures. These short-lived water drop-
lets and subsequent ice crystals are small enough to be nearly
invisible, unless the ice crystals grow to a larger size. These ice
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crystals must be responsible for causing ice-crystal displays in
the polar atmosphere or clear-sky precipitation. However, the
idea that the deposition nucleation onto soil particles which
were transported from the other continents (Ohtake 1984) was
open to criticism. Major effort was required to compare the
concentrations of hygroscopic particles and soil particles. (The
two types of particles can be distinguished by chemical test.)

During the austral summer of 1984 - 1985, aerosols at the
South Pole were sampled using various samplers such as TSI

electrostatic aerosol sampler, Casella cascade impactor, and a
low-pressure impactor. The low-pressure impactor sampler was
newly constructed in 1984 by referring to the design of Hering,
Flagan, and Friedlander (1978), and it performed quite satisfac-
torily. The minimum size of collected particles was estimated to
be 0.01 micrometer in diameter. An example of the particles
collected is shown in figure 1. Size of the nozzle is 3.24 x 0.04
millimeters with a distance to the specimen substrate of 0.02
millimeter. The sampling rate is I liter per minute at an absolute
pressure of 82 millimeters of mercury, which is attained by use
of two vacuum pumps connected in series.

Chemical tests of the individual aerosol particles collected on
electron microscope specimen screens were made by means of
the thin-film sulfate-analysis technique (Bigg, Ono, and
Williams 1974; Ayers 1977; Ono, Okada, and Akaeda 1981). The
specimen screens were prepared by vacuum (2 x 10-6 millibars)
precoating with 2 milligrams of dried barium chloride or cal-
cium turnings metal at a distance of 27.5 centimeters with
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height of 13 centimeters. Sulfate particles sampled on the thin
film show the distinctive shape of reaction circles under a trans-
mission electron microscope (figures 1 and 2). According to
Ono, Yamato, and Yoshida (1983), calcium thin film can dis-
tinguish whether the particles are sulfuric acid or ammonium
sulfate. Barium chloride tends to produce coarser grains than
small aerosols. Therefore, it is difficult to distinguish barium
chloride grains from aerosols on the film. The calcium film
technique produced better results.

The preliminary results of electron microscopy follow:
• Most of the aerosols sampled by the cascade impactor were

identified as sulfate. The concentrations were 0.1 to 1 parti-
cles per cubic centimeter at mean size of 0.8 micrometer in
diameter; the smallest particle detected was 0.05 micrometer
in diameter.

• The low-pressure impactor was able to collect sulfuric acid
particles at a rate of about 4 particles per cubic centimeter at
mean diameter of 0.1 micrometer; minimum size detected
was 0.01 micrometer.

• The factions of sulfate particles were about 99 percent total
aerosols. Other aerosols (1 percent) were identified as com-
bustion by-products and soil particles rather than sulfate.

• Those few soil particles do not seem to be mixed with any
sulfate.

Al
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Figure 1. Aerosols on barium chloride thin film sampled by a cas-
cade impactor at the South Pole on 21 November 1984. (The scale at
right corner indicates 1 micrometer.)

Figure 2. Aerosol particles on calcium thin film sampled by a low-
pressure impactor at the South Pole on 22 November 1984. (The bar
at right corner indicates 1 micrometer.)

The concentration of soil particles ranges between those of
condensation nuclei reported by Hogan et al. (1982) and ice
crystals of 0.1 to 0.4 per liter in the antarctic atmosphere. Ant-
arctic aerosols which can convert to ice crystals (Ohtake 1984)
were in a concentration range of 0.1 to 0.4 particles per liter.
Nucleation process occurs in two ways; the condensation-freez-
ing process and direct deposition from water vapor to ice nu-
cleus. From these preliminary results of concentrations of ice
crystals, sulfate particles, and soil particles, it is still not clear
what the dominant process is.

This research is supported by National Science Foundation
grant DPP 83-03964. The author wishes to express his sincere
appreciation to A. Ono, K. Okada, and M. Yamato of Nagoya
University for their preparation of the thin films of barium
chloride and calcium.
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Our interest in nonterrestrial increments of the antarctic ice
sheet is not limited to macroscopic samples: during 1983, we
began a program at the geographic South Pole to collect at-

mospheric dust particles in the size range 0.01 to 1 micrometer,
and this effort continued during 1984. The collector accumu-
lates particles by electrostatic precipitation onto carbon-coated
STEM (scanning transmission electron microscopy) specimen
grids; the grid collections then can be transferred directly to a
STEM analyzer for examination. Direct transferability is impor-
tant because all the collected particles are in the submicroscopic
size range and cannot be manipulated. The use of a STEM
analyzer is worthwhile because with it we can look at single
particle shapes, compositions, and in some cases, electron dif-
fration patterns. We judge that while atmospheric collections
have the disadvantage that they may be heavily loaded with
products of natural and artificial terrestrial origin, they have an
advantage over ice-core collections because when particles are
buried in moving ice the delicate structures may be destroyed.
We chose to make the collection specific for submicroscopic
particles because we don't know of any other researchers who
are examining individual particles that small; therefore, to date
very little is known about individual particles in our size range.

We have found that submicroscopic particles are very abun-
dant in the atmosphere at South Pole Station. The most common
constituent of our collections is droplets of sulfuric acid; it is also

C.

Figure 1. Tiny rod-shaped grains that analyze for calcium and sulfur. STEM analyses do not detect lighter elements, so the grains might be
anhydrite or gypsum. Copper peaks are from the underlying specimen grid. ("gm" denotes "micrometer:' "s" denotes "sulfur:' "Ca" denotes
"calcium:' "Cu" denotes "copper:')
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