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A STUDY O F  ICE CRYSTALS and "ice 
nuclei" has been under way in this Labora- 
tory for some time with the purpose of 

investigating some of the basic problems related to the 
icing of aircraft and other. cold-weather phenomena. 

Recently several experiments have been made with 
supercooled clouds of water droplets which are inter- 
eating and seem worth while to report. 

In the experiments to be described a supercooled 
cloud is formed by introducing moist air into a small, 
commercial freezing unit having a rectangular well 60 

cold chamber is maintained at  about -Xi0 C. with 
the temperature - 20° C. at  the bottom and - lo0 C. 
near the top. 

During more than a hundred experiments observed 
up to the present t h e ,  all supereooled clouds formed 
in the cold chamber have never developed into ice- 
crystal clouds except under conditions whieh will be 
described. Thus, with al l  of the various types of dust 
particles normally present in a research laboratory, 
besides those which would be added by the close 
proximity of many manufacturing proceaseg nothing 

FIG. 1. Photomicrograph of (a) erystal in ordinary mowatorm ; (b) type in cirrus cloud ; (c) "diamond dust" crystal. 

cm. long, 45 em. wide, and 50 cm. deep. In many served to initiate the crystallization of the supercooled 
instances it is possible to carry out the experiments cloud in the cold chamber. Under normal uonditiona 
with the top of the unit uncovered because of the in the chamber, the cloud persists for periods ranging 
stability of the cold air in the well. This forms a from 4 to 10 minutes, the life of the cloud dependkg 
typical temperature inversion with the coldest part of primarily on the evaporation and diffusion of the 
the air a t  the bottom of the chamber. Under typical water droplets onto the ice-coated walls of the well. 
laboratory conditions with a room temperature of In addition to permitting thew various types of "@om- 
27O C., the temperature of the air in the center of the mercial" dusts to enter the aold chamber, many ex- 
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periments were conducted in which samples of various 
types of h e  particles were intentionally added to the 
supercooled cloud. Carbon, graphite, oil, sulphur, 
magnesium oxide, volcanic dust, talc, silicates, silica, 
diatomaceous earth, and many others were introduced 
as aerosols in an attempt to force the supercooled 
droplets in the cloud to crystallize. 

By using a oollimated beam of light from a 32-e.p. 
lamp in the oloud, the presence of a single ice crystal 

to form ice crystals in the supercooled cloud, a piece 
of solid carbon dioxide (dry ice) was placed in the 
chamber. Within less than 10 seconds the supercooled 
cloud was completely converted to one of ice crystals! 
The introduction of additional water droplets to the 
cloud only served to make the ice crystals grow, since 
the vapor pressure of supercooled water is greater 
than ice. Replicas (1) were made of the crystals 
formed in the cloud, and the microsoope showed them 

FIG. 2. Crystals formed 

in the light path is easily observed. Water droplets 
in the size range of 5-20q such as develop in the 
experiments described, scatter light mostly in a for- 
ward direction. At the same time, a typical water 
droplet corona can be seen if the lamp housing is 
removed. An ice orystal, however, due to its crystal- 
line angalar faces, scintillates in the light as it tumbles 
about in the air and reflects light in all directions. 

After undertaking many experiments in an attempt 

In laboratory cold chamber. 

to be similar to those found in Nature on cold morn- 
ings aqd known as "diartiond dust." The relative size 
of natural snow crystals is shown in Fig. 1. The 
smallest of the three crystals in the photomicrograph 
is a typical crystal of the diamond-dust variety; the 
largest is a typical hexagonal plate found in an ordi- 
nary snowstorm; while the third form occurs in cirrus 
clouds. Those shown in Fig. 2 are representative of 
crystals developed in the laboratory cold chamber in. 
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about 4 minutes after a supercooled cloud was seeded. 
Besides using dry ice as a source of ice nuclei, a 

rod cooled in liquid air and passed rapidly through 
the supercooled cloud leaves a trail containing great 
numbers of submicroscopic nuclei which, due to micro- 
turbulence, spread through the cloud, causing it to dry 
up as the ice crystals grow. Subsequent experiments 
show that myriads of ice nuclei form spontaneously 
if a copper rod having a temperature of -35' C. is 
placed in a supercooled cloud having a temperature 
of -12O C. When replicas are made of the nuclei, 
which stream from the copper rod, they are found to 
have dimensions of less than 1p. Some of these tiny 
crystals show the trigonal symmetry of crystalline ice 
and are thin, triangular prisms. 

Experiments are under way to investigate various 
aspects of this spontaneous development of ice crys- 
tals in order to determine whether relationships can 
be established between the laboratory experiments and 
the natural atmosphere. 

I t  is planned to attempt in the near future a large- 
scale conversion of supercooled clouds in the atmos- 
phere to ice crystal clouds, by scattering small frag- 
ments of dry ice into the cloud from a plane. I t  is 
believed that such an operation is practical and eco- 
nomically feasible and that extensive cloud systems 
can be modified in this way. 

'Reference 
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The occurrence of ergosterol in the mycelia of molds 
has been known for some time, and its presence in the 
mycelia of various surface-cultured Pemicillia has been 
recorded (2, 4, 5). Later, Whitmore, et al. (6)  found 
ergosterol to be present in the mycelium of P. mota-
turn. Cavallito (3) confirmed this and isolated it from 
the mycelia of P. chrysogemum and P. citrimurn. The 
latter showed that in the mycelia of P. motaturn, grown 
by submerged fermentation, traces of ergosterol could 
be detected spectrographically but not in quantities 
which could be isolated. 

The present authors have studied the sterol fraction 
from a strain of P. notaturn (X-1612) grown by ,sub- 
merged culture and have isolated and identified ergos- 
terol by means of its physical characteristics and by 
those of the benzoate. 

The residue resulting from the evaporation of an 
alcoholic extract of 2.88 kg. of air-dried mycelium (ob- 
tained from a production run) was extracted with 
ether. Concentration of the ether extract (after dry- 
ing over sodium sulfate) gave an oil weighing 145 
grams, which by photocolorimetric determination (1) 
showed an ergosterol content of 4.4 per cent; this was 
in agreement with ultraviolet absorption spectra data 
(Fig. 1 ) .  Saponification gave a crude sterol fraction 

weighing 8.58 grams and containing about 45 per cent 
ergosterol by both. methods of determination. The 
absorption spectrum of this fraction is shown in 
Fig. 1. 
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FIQ. 1. Ultraviolet absorption curves of residue front 

alcohol-ether extracts, -.-., calculated as E::&. ; crude 
sterol fraction, - - - - -,calculated as E m  ; puritied ergosterol 
from mold, -, calculated a s  E m .  

Recrystallization of the sterol fraction from alco- 
hol-benzene (2:1) gave 4.52 grams of crude ergos- 
terol-m.p., 124-133O C.-which, after further purifl- 
cation by fractional crystallization, yielded ergosterol 


