
the Periodic Table, the "inert gases," 
because of their presumed nonreactivity, 
have occupied an isolated position, 
apart from the other groups of chemical 
elements. Discovery that at least two 
of these elements readily form stable 
compounds opens the door to investi- 
gations which should more closely in- 
tegrate this group with the rest of the 
Periodic Table. 
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Azeotropic Freeze-Drying 

Abstract. Spheres of comminuted frozen 
meat were freeze-dried by boiling in tol- 
uene under reduced pressure. The dehy- 
dration was performed at 30'C and ap- 
parently took place without melting the 
ice. The dried product rehydrated readily 
and showed all the characteristics of freeze- 
dried defatted meat. 

Freeze-drying is possible without vac- 
uum, so long as the water vapor pres- 
sure of the medium surrounding a 
frozen specimen is below the vapor 
pressure of ice at that temperature. This 
process was demonstrated in the dry air 
freeze-drying experiments of Meryman 
(1) and Lewin and Mateles (2). 

Azeotropic mixtures are composed of 
two or more compounds that dis- 
till together without decomposition or 
reaction. The boiling point of an 
azeotropic mixture is constant, and is 
lower than the boiling point of its con- 
stituents. The composition of the azeo- 
tropic vapor depends upon the molec- 
ular weight and vapor pressures of the 
mixture components at a given temper- 
ature. The purpose of our work was 
to test the feasibility of azeotropic 
freeze-drying. 

At 0WC water and toluene form an 
azeotrope with a vapor pressure of 12.1 
mm-Hg. Of this pressure 4.6 mm rep- 
resents the vapor pressure of ice and 
7.5 mm the vapor pressure of toluene. 
The composition of the azeotrope is 
10.7 percent water and 89.3 percent 
toluene. If the temperature is increased, 
but the water is still frozen, the compo- 
sition of the azeotrope changes. The 
vapor pressure of the solvent increases, 
while the vapor pressure of water de- 
pends on the temperature of ice. The 
azeotropic mixture becomes unsatu- 
rated. The degree of saturation depends 
on the rate of heat supply to sublimate 
the ice, and on the rate of vapor remov- 
al from the boiling flask. The vapor 
pressure at the solvent-ice contact is 
greater than the vapor pressure of sol- 
vent in other parts of the flask. Thus, 
violent boiling occurs around a frozen 
specimen. Due to the temperature dif- 
ference between the condenser and the 
boiling flask, the azeotrope is rapidly 
removed. Heat of 620 cal is necessary 
to sublimate I g of ice at 0C, and 
since the vapors are rapidly removed, 
it is not likely that the ice will melt. 
These postulates were tested experi- 
mentally. 

Approximately 300 ml of toluene 
were placed in a 700-ml round bottom 
flask and heated to 300C. The flask was 

fitted with an insulated Bidwell-Sterling 
receiver arm, a condenser, a manom- 
eter and a vacuum line. A 7-g sphere 
of frozen (-151C) comminuted meat, 
about 1.5 cm in diameter, was placed 
in the flask and a vacuum was drawn 
immediately. When the pressure reached 
33 mm-Hg (in approximately 60 sec- 
onds) the contents of the flask surround- 
ing the meat sample came to a vigorous 
boil. Vapors rose to the condenser, 
where they separated into water and 
toluene. Water settled in the Bidwell- 
Sterling receiver while toluene returned 
to the flask. At the end of 90 minutes, 
4.8 ml of water had accumulated in the 
receiver, and the boiling subsided. At 
that time air was allowed to enter the 
system. The sample was withdrawn and 
placed for 45 minutes in an air oven 
at 101 IC to dry off the solvent. 

After drying in the oven, the sample 
had the typical porous structure of 
freeze-dried meat. The weight of the 
dry material was 1.5 g and its dimen- 
sions appeared unchanged. Upon im- 
mersion in water, the material promptly 
rehydrated to the consistency and ap- 
pearance of very lean, raw, ground 
meat. Its taste was that of uncooked 
beef. 
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Simple Apparatus for Ultrafiltration 

Abstract. A rapid and highly efficient 
ultrafiltration apparatus has been devised 
from readily available laboratory materials 
costing less than $5. Employing a fritted 
glass tube to support an evacuated dialysis 
bag, it accommodates as little as 1 milli- 
liter and is ideally suited to dialysis of 
small volumes and concentration of macro- 
molecules for chromatography and elec- 
trophoresis. 

In our laboratory it is routinely nec- 
essary to concentrate protein solutions 
for electrophoretic analysis and to re- 
move protein from an amino acid solu- 
tion for chromatographic analysis. 
These two operations are carried out 
simultaneously with the apparatus 
shown in Fig. 1. The grommet (Walsco 
Electronics, No. 7034-F; inside diam- 
eter, 1?4 in.; mounting hole, 3/8 in.) is 
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