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8), a low intrinsic viscosity (lim ng,fc ~
c—»0

0.3, ¢ in g/100 ml) and a high turbidity and
light scattering. It seems to be a useful
model substance for such physico-chemical
measurements. The sorption of water by
isolated micelles is lower than that of
native cellulose 8. Chemical reactions have
also been carried out with the colloidal
cellulose.

Tt is of interest to note that Herzog ®
in 1925 and Meyer and Mark 10 in 1928
made the assumption that cellulose and
cellulose derivatives generally were dis-
solved as micelles. This assumption could
not be proved by later experiments, and
only now, more than twenty years later,
has it been shown that such micellar cellu-
lose solutions ecan be produced.

The author wishes to express his thanks to
Professor The Svedberg for stimulating dis-
cussions and kind interest in this work, and
to Dr. Edgar Ribi for the co-operation in the
morphological and structural interpretation.
The author is also indebted to the Swedish
cellulose firms Billeruds AB, Mo och Domsjd
AB, Stora Kopparbergs Bergslags AB, Svenska
Cellulosa AB and Uddeholms AB for generous
financial support.
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When acetylene is introduced into a
sufficiently concentrated aqueous so-
lution of cuprous chloride and potassium
or ammonium chloride, yellow or orange
crystalline precipitates appear. These com-
pounds have hitherto been regarded as ad-
dition complexes, . e. as containing acety-
lene with retained hydrogen together with
cuprous and potassiuro (or ammonium)

chloride. For the potassium complex
Chavastelon ! gives the formula CyH,
(CuCl)g(KCl),. Tzyrikh and Ginzberg?

state the formula C,H,(CuCl)s(NH,Cl);
for the ammonium complex.

Investigations concerning the conditions
for the formation and dissolution of these
compounds were performed at this labor-
atory in 1945, and the conclusion drawn
was that the complexes must have some
composition other than that suggested by
the quoted formulas. A complete analysis
however encounters many difficulties.
E. g. the mother liquor which contains a
considerable portion of the inorganic
compounds cannot be completely removed
without altering the precipitate. It is
necessary to perform the analysis in such
a way (determination of all components
in one and the same sample, parallel ana-
lysis of the mother liquor) that the contri-
butions from the mother liquor can be
calculated. The result will include a
cumulative error, for potassium estimated
to be - 5 %, and for chlorine 4 2 %.
The data for copper and carbon (deter-
mined as acetylene after conversion with
cyanide 3) are but slightly influenced by the
correction. The table shows the results of
some analyses.
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Table 1. Results of analyses.

Moles/8.00 moles of Cu Cut-K
c a | K —al
I 2.08 8.00 | 2.00 2.00
II 2.16 8.01 2.22 2.21
I 2.20 8.11 1.93 ()] 1.82
v 2.14 8.20 | 2.33 2.13
v 2.11 7.96 | 2.17 2.10

Approximate composition of solutions (mola-
lities):

1.5 m CuCl, 4 m KCI, 0.06 m CoH,
Preparations: I 1.45 m CuCl, 3.80 m KCl,
0.07 m CyHy; II Do: but 0.10 m CoHy; IIT
Do. but 0.06 m CoHy; IV 1.40 m CuCl, 4.00 m
KL, 02. m KAe, 0.06 m CoHy; V 1.60 m CuCl,
3.90 m KCl, 0.10 m LiCl, 0.04 m CyH,.

More accurate results can be achieved
by use of a marking method involving
addition of a small known amount of a
tracer. Determination of tracer in the
sample gives the quantity of mother liquor
present. Work on this is continuing.

The last column of the table shows a
kation surplus well corresponding to the
content of acetylenic carbon. Thus the
hydrogen atoms of the acetylene must be
substituted by metal. That the compounds
are carbidic is proven also by the fact that
an amount of acid, approximately equi-
valent to the acetylene introduced, is
liberated on their formation. The analyses
also show that the complexes contain an
equal number of copper and chlorine atoms.
To suggest an unambigious formula is how-
ever difficult. Best corresponding with the
results is the formula Cy(CuCl)jK,. There
is however a systematic deviation: the
acetylene content is somewhat too high
(4—10 %). The potassium values may also
be too high, but the greater possible error
in this analysis makes a decision difficult.
The results and the appearance indicate
that the main body of the precipitate has
the formula stated, but that it also con-
tains varying amounts of another com-
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pound, possibly also of
Cy(Cul),K,, but with n < 8.

If the carbidic nature of the compound
is to be stressed the formula could be
written CyCu,(CuCl),_4(KCl),. So far how-
ever it seems preferable to regard the
molecules of cuprous chloride as equivalent.

A liquid phase in equilibrium with a
solid compound of this type is yellow. The
dissolved colouring copper acetylene com-
pound has a very high molar extinction.
In a solution composed of 2.3-molal
cuprous chloride, 5.75-molal ammonium
chloride and 0.10-molal ammonia, where
we have reason to assume that the acety-
lene absorbed (if the concentration is low)
is quantitatively combining as the dis-
solved yellow complex, the acetylene
conen. necessary for a visible yellow
coloration amounts only to a 10~ solution.
For spectrophotometric measurements
solutions have been used giving no precip-
itates even at an acetylene pressure of 1
atm. (e. g. 0.6-molal CuCl, 3.8-molal KCl,
0.2-molal HCl). The conen. of of the
dissolved yellow compound is low, but
optically measurable. The main part of
the acetylene entering the solutoin is
present in the form of a dissolved colour-
less addition complex containing 1 mole
of copper per mole of acetylene. (Its
existence has been demonstrated by
Manchot 4.)

Computations from the measurements
have been carried out under the assump-
tion that there exists only one compound
contributing to the extinction. The
assumption is unproven but supported by
the fact that the colour curves are ident-
ical in all measurements. The results
which are sketched under a)—c) indicate a
close relationship between the dissolved
yellow compound and the solid yellow
precipitate, and that the concentration of
the former is determined by an equilibrium
which can be expressed as

C,H, + nCuCl = Cy(CuCl),2 + 2H+
where n = 6

the type



652
E (2:=400mu)
0.6 +
o3l
. Ferts
05 1.0 gtm
Fig. 1. Concentration of dissolved yellow com-

plex at difterent acetylene pressures.

a) Variation of hydrochloric acid concn.
at a constant conen. of cuprous chloride
and chloride ion and constant acetylene
pressure (the CuCl-activity of the solution
and the concentration of the simple addi-
tion complex remaining unchanged) gives
values of extinction proportional to
(H+)-2.

b) Variation of the cuprous chloride

concn. at constant potassium chloride and
hydrochloric acid concns. (the relative
depression of the CuCl-activity through
formation of the simple addition complex
remaining unchanged) gives extinction
values proportional to the cuprous chloride
concn. raised to its 6th—8th power.

c) According to the formula there
should be a linear relation between acety-
lene pressure and extinction, but variations
of the acetylene pressure over the same
solution give the results illustrated by the
figure. .

The concentration of the yellow complex
thus initially increases rapidly with the
acetylene pressure, but then approaches a
flattened maximum. The shape of the
curve can be completely explained by con-
sidering that an increasing acetylene pres-
sure indirectly causes a decrease in the
CuCl-activity by augmenting the forma-
tion of the simple addition complex.
Although the reduction of the CuCl-
activity is moderate — 22 9% at the highest

SHORT COMMUNICATIONS

acetylene pressure in the experiment
illustrated by the curve — it considerably
influences the concn. of the yellow com-
plex, since the CuCl-activity enters the
equilibrium to such a high power. An
adjustment of the results to a common
CuCl-activity, utilizing an equilibrium
constant for the simple addition complex
(determined through solubility experi-
ments) gives a linear relation between the
conen. of yellow complex and acetylene
pressure. .

A structural similarity seems likely
between these copper acetylene compounds
containing the group C,(CuCl),* and the
silver compounds?® of the type Cy(Agh),.
(There exists a solid nitrate where n = §,
C,Ag3(NO3)g- In both cases a large number
of metal atoms — eight or less, but perhaps
preferably eight — is bound to the C,-
group. The dissimilarity between the
compounds may depend on the fact that
the copper atoms, unlike silver, do not
become coordinatively saturated, and thus
every copper atom brings a chloride ion
into the complex. When n = 8 the silver
complex thus becomes a hexavalent kation
but the cuprous chloride complex a
bivalent anion.

In solutions containing cuprous chloride
and an alkali chloride polymerization of
acetylene to monovinylacetylene occurs 5.
Kinetic investigations on this process
(performed as ‘flow experiments’ in station-
ary state) indicate that the catalytically
active agent should be the ions of the
dissolved yellow complex. At a constant
acetylene pressure the polymerization rate
seems approximately proportional to the
concn. of the dissolved yellow complex.
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