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Metallic Colloids in Molten Salts 

Abstract. Gold, silver, and silver iodide sols were prepared in mixed nitrate 
melts. Electron micographs of the gold and silver sols show particles smaller than 
1 micron. The gold sols exhibit conventional absorption and scattering spectra. 
Both gold and silver sols show unusual stability. 

The possibility that small particles 
in molten salts exhibit colloidal be- 
havior in the sense that the particles 
are stabilized by mutual repulsion has 
been considered; but it has not been 
given a great deal of credence because 
of lack of experimental (1) or theoreti- 
cal (2) evidence. We have found it com- 

paratively easy to prepare colloids in 
molten salts. However, although col- 
loids can be readily prepared in con- 
centrated media (3-5), none of these 
media is as highly conducting as molten 
salts are. There are reports of "pyro- 
sols" (6) in molten salts but their col- 
loidal properties have not been well 
characterized. 

The gold sols were prepared by 
cautious addition of 5 to 200 1d of 

AuCl3 solution (concentration, 6 g/liter) 
to 10 cm3 of a eutectic consisting of 
molten LiNO3 and KNO3 or of NaNO3 
and KNO3. A colloid formed immedi- 

ately because of reduction of the 
Au-+++ with residual nitrite. This sol 
was violet in transmitted light and 

brick-orange in reflected light. The 

gold could be redissolved by addition 
of HC1 solution to the melt and re- 

precipitated again by addition of nitrite 
or by electrolytic reduction. Reduction 
with 5 percent H2 in He at high tem- 

perature (400?C) gave large particles 
which settled rapidly. Varying the tem- 

perature, nitrite concentration, and the 
water concentration and agitation 
through helium bubbling apparently 
did not change the spectrum enough 
to lead us to believe that changing 
these conditions alters the particle size. 
These colloids usually lasted a day; 
even after a week there was usually 
still some unsettled colloidal gold in 
the solution. Raising the temperature 
by 150?C did not measurably hasten 
the coagulation. 

The absorption spectrum of the gold 
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colloid in LiNO3-KNO. eutectic showed 
a peak of 5750 A which, when cor- 
rected for the difference in the velocity 
of light of the two media, corresponds 
to a wavelength in water of 5250 A. 
The wavelength of this absorption re- 
mains very nearly constant at 5250 A 
in water systems for particles of less 
than 400 A in diameter (7). In such a 
situation, only the absorption coefficient 
would change, and we could not mea- 
sure this accurately enough to deter- 
mine our particle size (8). Therefore 
two representative preparations were 
cooled and dissolved in water, the 

gold was separated by centrifugation, 
and electron micrographs were made 
after redispersion with an ultrasonic 
stirrer (Fig. 1). Admittedly these are 
now redispersions of water-washed co- 

agulations of the original molten salt 

colloids, but their particle size distribu- 
tion is consistent with the optical prop- 
erties of the molten salt preparation. 
The gold particles from the LiNO;- 

KNO3 eutectic formed at 150?C had 
a mean diameter of about 350 A, and 

they were quite uniform in size and 

spherical. The particles of the colloid 

Fig. 1. Colloidal gold from a eutectic 
consisting of NaNO:, and KNO3. 

formed from the eutectic of NaNO3 
and KNO3 at 255?C were larger (on 
the average) and less uniform in size 
and shape. Occasionally triangular or 
hexagonal particles could be detected. 
The mean particle size was about 600 
A. Electrolytically reduced gold was 
much coarser and more irregular. 

Silver colloids were prepared with a 
125-watt medium-pressure mercury arc, 
by photolysis of silver nitrate dissolved 
in a KNOa-NaNO3 eutectic. The rate 
of formation and of disappearance was 
monitored with a Beckman spectro- 
photometer modified to serve as a 
high-temperature Tyndallometer (Fig. 
2). We have not yet been able to pro- 
duce silver colloids by y-irradiation of 
molten nitrates or chlorides or by pho- 
tolysis of the LiNO3-KNO3 melt. 

The initial rate of formation appears 
to be a linear function of lamp inten- 
sity, independent of silver-ion concen- 
tration. The temperature dependence, 
if one uses the initial slope of the for- 
mation curves, showed an activation 
energy of 2.7 kcal. The photolysis 
showed an induction iperiod which 
can be quite long (Fig. 2). Water, 
added by bubbling with wet helium, 
discouraged the formation of metallic 
silver and produced a long induction 
period but did not inhibit silver forma- 
tion entirely. When the illumination 
ceased, a limited dark reaction some- 
times followed. 

We are convinced of the identity of 
the particles. When the colloid was 
allowed to stand, a silver ring some- 
times formed on the glass at the solu- 
tion interface. The particles were also 
examined by electron microscopy and 
electron diffraction and showed the 
diffraction pattern of silver. They ag- 
glomerate in blobs about 200 A across. 
A fine structure of tiny blobs about 
10 to 15 A across can sometimes be 
detected. 

Silver iodide sols were prepared 
much as they are prepared in water 
solutions. Dilute aqueous silver solu- 
tion was added to the nitrate melt (50 
Jcd of an 0.75M solution to 10 cm3 of 
molten salt), the resulting turbidity was 
cleared with a bit of nitric acid, the 
solution was swept with helium to re- 
move the resulting water and nitric 

oxides, and then a nearly equivalent 
amount of potassium iodide solution 
was added. The sol was quite yellow, 
with a marked scattering peak at 5000 
A and an absorption in the transmis- 
sion spectrum at the same wavelength. 
The colloid was not excessively stable; 
the turbidity as measured with the 
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Fig. 2. Rate of formation of colloidal silver from photolysis of NaNO3-KNO3 eutectic 
that also contains AgNO3. 
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Tyndallometer decreased to half its 
initial value on standing overnight. 
When the colloid was heated to 400?C, 
it dissolved and did not re-form on 
cooling. 

Experiments to determine how these 
colloids are stabilized have been in- 
conclusive. Electrophoretic plating of 
the gold sol gave negative results. None 
of the sols absorbed fluorescein dye 
(the staying power and ionization of 
this material in molten nitrates is also 
open to question). Mixing aged silver 
iodide sol, containing excess Ag+ or 
excess I-, with gold sols did not give 
mutual flocculation (9), as one would 
expect for these sols in a water system. 
However, addition of gold chloride to 
the silver iodide sol did reduce the 
amount of silver iodide scattering; thus 
there must be some interaction of the 
freshly formed gold sol with the silver 
iodide. However, since gold sol and 
silver iodide sol can coexist in the 
same solution, their interaction is not 
complete as it is in water solution. 

The apparent stability of these col- 
loids is not well understood. Both 
Voet (3) and Burkard (5) invoke a 
tightly bound layer of solvent mole- 
cules as a stabilizing influence on their 
sols. Indeed, Burkard (5) found that 
removing all solvents (for example, CS2 
from As, CS2 from Se, C6H6 from P) 
from the glacial acetic acid sols caused 
them to precipitate rapidly. Such a 
picture could also be applied to these 
molten salt colloids; it is preferred to 
the alternative, proposed by Ostwald 
and Wannow (4), which calls for low 
conductivity in concentrated solutions 
and is thus clearly inapplicable here. 
Kreyger, Kirslis, and Blankenship (10) 
observed a change in the contact angle 
between molten salts and metal or 
graphite, depending on whether the 
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salts contained water. This indicates a 
change in the affinity of salt for the 
metal interface induced by the pres- 
ence of water, because of the adsorp- 
tion and reaction of water itself. That 
the water in association with the solvent 
salt molecules then assumes an image 
charge due to the contact potential of 
the metal, or assumes a charge due 
to preferential cation hydration, then 
seems reasonable. The observation of 
ion-exchange phenomena in molten 
salt solutions also indicates that some 
sort of charge layer can occur in 
molten salts; but again, water or some 
form of bound water is a prerequisite 
for this ion exchange (11). A serious 
drawback to the model is that in view 
of the high conductivity of the molten 
salt solution, the repulsionr from such 
a charge layer could operate only 
through a small distance (one or two 
atomic layers) unless further ordering 
of quasi-lattice structures by these sur- 
face charges is possible in the molten 
salt. 

A group of Italian investigators (12) 
has prepared metallic dispersions of 
colloidal dimensions in fused sodium 
chloride. Copper, silver, and nickel 
were vaporized in the melt by the 
Bredig arc method (13). However, the 
many differences in their systems and 
ours, namely the difference in electro- 
phoretic behavior, particle size distri- 
bution, temperature, and melt compo- 
sition lead us to believe that these two 
groups of colloids have very little in 
common. 
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Oxytocin: Crystal Data of 

a Seleno Analog 

Abstract. The sulfur atom in position 
6 of deamino-oxytocin (1-/3-mercapto- 
propionic acid-oxytocin) was replaced 
by selenium. The crystals of the result- 
ing deamino-6-seleno-oxytocin are simi- 
lar to those of the "wet" form of 
deamino-oxytocin, but they are stable 
upon prolonged exposure to air. 

The major obstacle to x-ray crystal- 
lographic analysis of neurohypophyseal 
principles (1) has been the small size 
of the crystals available. 

The replacement of a sulfur atom in 
the disulfide bridge of deamino-oxytocin 
by selenium may overcome this diffi- 
culty (2, 3). Selenium, with its higher 
electron density, could serve as a heavy- 
atom marker, thus permitting the anal- 
ysis of structure from smaller crystals. 
Biological and conformational studies 
in soluiton (3, 4) indicate that the se- 
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