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Arr. XXXI1X.—O0n Oolloidal Gold : Adsorption Phenomena
and Allotropy ; by J. C. BLAKE.

[Contributions from the Kent Chemical Lab. of Yale University—CXZX.]

Rep and blue colloidal gold solutions have long been known,*
the red being changed to blue by the action of electrolytes
Hence, in order to study all of the concurrent phenomena, it
is necessary to begin with a red solution. All of the red solu-
tions heretofore deseribed, however, have either contained
objectionable impurities, like the acids of phosphorus, or have
been very dilute and hard to prepare in stable form with
constant properties. I have found that a concentrated red gold
solution, free from all these objections, may be prepared by
pouring into acetylene water containing ether an ethereal
solution of gold chloride dried at 170°. The resulting garnet-
colored solution of colloidal gold is exceedingly stable, though
quite strongly acid. Tt is scarcelv turbid in ordinary light,
Dut gives the Tyndall effect when a beam of light is thrown
into it with a lens. This solution has been mvestwated with
regard to the adsorption phenomena of the gold when precipi-
tated by electrolytes, an investigation attended by some inter-
esting observations on the apparent allotropy of gold.

It should be rememberd that Linder and Pictont and
Whitney and Ober,} working with colloidal solutions of
arsenious sulphide, have found that when such solutions are
coagulated by electrolytes, part of the basic radical of the
electrolyte is retained by the coagulum, with the liberation of
the corresponding amount of free acid in the filtrate. The
base thus retained by the coagulumn cannot be washed out
with water. Since the suspended particles of which the
colloidal solutions are made up are known to be negatively
electrified, whereas the basic radicals or ions carry a positive
charge, the question arises whether the basic radical retained
by the coagulated colloid may not be held by reason of the
mutual neutralization of these chavges, with the formation of
a chemical compound or pseudo-chemical compound, thus
perhaps affording an indication of the nature of chemical
union and proving that the phenomena of the permanent
suspension of solid particles in liquids and their subsequent
precipitation Dby electrolytes are essentially electrical, as is
assumed in Whetham’s§ hypothesis. It was thought that the

* Faraday, Phil. Trans.. cxlvii, 145 ; Pogg. Ann., ci, 313. Zsigmondy,
Lieb. Ann., ccci, 29, 861 ; Zeit. phys. Chem., xxiii, 63.

t Jour. Chem. Soe., 1xvii, 63.

tJour. Am. Chem. Soc., xxiii, 842.
§ Jour. of Physiol., xxiv, 288; Phil. Mag., xlviii, 474.
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results to be obtained with colloidal gold solutions would be
especially interesting in this connection, both because of the
great improbability of ordinary chemical union between the
gold and the basic radicals, and Dbecause of the ease and
thoroughness with which the precipitated gold could be
washed.

Red colloidal solutions of gold prepared according to the
method just described were precipitated by solutions of
barium compounds, and the coagulum was analyzed for gold,
barium, and carbon, derived From the acetylene. Except
when otherwise stated, all the filtrations and weighings were
made on asbestos felt contained in a perforated platinam
crucible. The mixed coagulum, either washed or unwashed,
was ignited in a porcelain crucible and then treated with aqua
regia in small amount either at the ordinary temperature or on
the steam Dath, the carbon being nearly all dissolved in the
latter case. After dilution, the undissolved carbon was filtered
off, washed, dried at 200°, weighed and ignited. The gold
was determined as the metal in the filtrate from the carbon by
precipitation with magnesium ribbon. The barium was pre-
cipitated as sulphate in the filtrate from the gold and weighed
after standing twelve hours on the steam bath.

Tt was found that if the colloidal gold solution contained a
little unreduced gold chloride, the coagulum was coherent,
spongy, opaque, insoluble in water, and reflected brownish
yellow light. If, however, the gold chloride had been com-
pletely reduced, the coagulum was blue-black, non-coherent,
readily soluble in pure Water to a blue colloidal solution, the
color being due to transmitted light.

1. The Spongy Form of Gold.

In the following experiments the gold chloride used in
preparing the colloidal gold solution was not quite all reduced,
and the colloidal gold, l)leCII)Itd,te(l with a solution of a barium
salt, came down in the spongy form. The coagulum was
eitlier washed in succession with the amounts of water given
in the table, the included liquid being finally pressed out of the
spongy precipitate as much as possible, or the coagulum was
not washed, but merely dried between filter papers. For pur-
poses of comparison the amounts of the barium compounds
(caleulated as hydroxide) which were present in 0-5%° of the
supernatant liquid are also given in the table.
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TasLE I.
Cale. amt.

Vol. of Mixed of Ba(OH), Error of
gold Precipi- WTZ}; coagulum, fglogg Bfa(;(;)n%)g in 05 cm® analysis.
sol. tant. wa 3 ignited. rm. — supernatant  grm.
cméd, e grm. grim. 8- jiquid. grm.

5 3
550 0 cm 300
——Ba (NO,), 04151 0-4151 0°0000 00003 0°0000
100 cm’ S 500
1200 n—BaCl, 100
z 100 22668 _.__.%¥ 00020 00033 __...
10 em® ( Not )
610 | washed. | 0°7569 07566 0°0000  0°0001 0°0003—
o~ Bacl, | Dried '
) between ?

g10 100em® | filter | 6499 06417 0:0066 00060 0-0016—*

n—BaCl, [ papers. )

From the foregoing results it is plain that very little of the
barium compound is held by the gold under these conditions,
and that the traces thus retained cannot readily be washed
out—a condition agreeing exactly with what would be ex-
pected if the barium were held as nitrate or chloride dissolved
in the liquid mechanically retained by the spongy gold. The
obvious physical properties of this spongy gold proved to be
identical with those of the gold thrown out from strong solu-
tions of gold compounds by ferrous sulphate or oxalic acid,
which is known to be crystalline.}

II. The Biue Form of Gold.

In the following experiments the gold chloride used in pre-
paring the colloidal gold solution was all reduced, and the
colloidal gold, precipitated with a solution of a barium com-
pound, came down in the non-coherent blue form. In the experi-
ments given under A (p. 386), the coagulum was washed suc-
cessively by decantation with the given amounts of hot water
without the use of a filter, part of the finely-divided gold thus
temporarily re-suspended being washed away. In the experi-
ments given under B, the coagulum was thrown upon an ash-
less filter (or asbestos felt) held in a lar ge platinum cone, the
mother liquor was exhausted by suction, and the barium com-
pound held by the unwashed gold and the filter was determined.

* Gold lost by explosion, presumably owing to the formation of a hydride
during reduction by magnesium.

+Thls error becomes 0°0003—if the barium held by the gold be calculated

as the chloride.
1 Roscoe and Schoelemmer, Treatise on Chemistry, 1898, ii, p. 899.
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By comparing the amounts of the barium compounds thus
found with the amounts of the barium compounds held by
the filter in blank experiments similarly conducted, and with
the amounts of the barium compounds held by 1 of the
supernatant liquid, a very fair estimate of the amount of the
barium compounds held by the gold can be arrived at. In
these experiments the amounts of carbon left with the gold
after ignition, not readily dissolved in the subsequent treat-
ment with aqua regia, first became noticeable, indicating that
in the former experiments most of the carbon had been lost by
decantation. In the experiments given under C (p. 387), a
freshly prepared solution of barimn hydroxide, containing about
208™ per liter, was used as the precipitant, the supernatant liquid
being still slightly acid ; while in the experiments given under
D, the barium hydroxide was added to alkaline reaction. The
wash-water was neutral to litmus.

The results of Table II (pp. 386, 387) show that as long as
the solution is even slightly acid only insigniticant amounts of
barium are held by the gold, whether washed or unwashed.
Other colloidal (blue) gold solutions, prepared by the action of
hydrazine hydrate on a water solution of gold chloride, in which
the free acid was nearly neutralized by the hydrazine hydrate
before the gold was precipitated by barium chloride, gave
similar results. When the supernatant liquid becomes alkaline,
on the other hand, the amount of barium retained by the gold
becomes appreciable. It is probable that none of this amount
was due to the presence of barinm- carbonate, although there
wag doubtless some barium chloride (formed by the reaction)
present with the hydroxide in experiment (12) of the table,
owing to the insolubility of the chloride in aleohol. There is,
however, no reason to suppose that the amount of barium
hydroxide retained by the gold precipitated from alkaline
solution is greater than that which would have been retained,
owing to the well-known tenacity of free alkalis for solid sub-
stances, by any finely-divided insoluble substance under similar
conditions of concentration.® In fact, the absence of adsorp-
tion phenomena in acid solution and the presence of such
phenomena in alkaline solution is in full accord with Van
Bemmelen’s functional equation for absorption from solution
by porous solids

C"kon =7 (C'x,s0, C'so,)

where C''on is the concentration of the base in the liquid
retained by the solid, and C’ represents the concentrations of
the given substances in the supernatant liquid. C’” increases
as O'g,s0, Increases, and decreases as C'gp, increases.

* Of. Van Bemmelen, Zeit. anorg. Chem., xxiii, 364.
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Hence, it appears that adsorption phenomena are not pro-
nouncedly concerned, if at all, in the color changes brought
about in red gold solutions by electrolytes, or in the subsequent
precipitation ‘of the blue or of the spongy gold. Some inter-
esting results might be obtained in this connection by working
with neutral red gold solutions, such as might have been pre-
pared by dialysing the ones here described; but it is difficult
to see how any such results could be 111telluzlble unless differ-
entiated by a series of parallel experiments from the effects
due to the hydrolysis of neutral salts and absorption of the
basic radical by porous solids.  If these two effects are identical,
as suggested by Whitney and Ober, then Whetham’s hypothe-
8is can receive no support from the results to be obtained with
them.

The “blue gold” precipitated in these experiments is amor-
phous and has a dark bronze appearance when viewed in
reflected light. The three apparently allotropic forms of gold
here noted, named according to the colors most readily ob-
served, as in the case of mlvel, are the following :

Color in Color in
Form of gold. reflected light. transmitted light.
“Yellow gold” Golden Blue
¢ Blue gold” Dark bronze Blue
“Red gold” Light goldent Red

* This Journal [4], xvi, 282 (1908).
+ Well seen in the Tyndall effect.

AM. Jour. Scr.—FourTH SERIES, VOL. XVI, No. 95.—NOVEMBER, 1903,
21
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