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Coordination of Silver Ion with Unsaturated Compounds.

V. Ethylene and Propene

By KeNNETH N. TRUEBLOOD AND H. J. Lucas

The codrdination of aqueous silver ion with ethylene and propene has been studied by a distribution method. The con-

stants for the formation of a 1:1 complex are approximately the same for these two olefins.

No significant amount of di-

olefin complex is formed by either hydrocarbon in the concentration range investigated but there is evidence for disilver com-

plexes at high concentrations of silver ion.

The cobrdination complexes formed by silver
ion with ethylene and propene are described in this
report which thereby completes studies’—* of the
argentation of the simpler olefins. The technique
used in the study of these complexes and the sym-
bolisms used in their description are essentially
the same as those employed in our earlier work.*

Experimental

Materials.—All of the inorganic chemicals and solutions
were the same as those used earlier. Carbon tetrachloride
was purified by passing into it a large excess of chlorine,
irradiating the mixture with sunlight for 48 hours, and re-
moving the chlorine by washing with dilute sodium hydrox-
ide. After several washings with water the product was
dried over calcium chloride and distilled. A blank test on
the purified material showed that it neither absorbed nor
liberated bromine or iodine.

Propene bromide was prepared from 2-propanol by de-
hydration and subsequent bromination. The crude prod-
uct was distilled and then fractionated twice, b.p. 139.3~
139.8° (uncor.) at 746 mm., »%p 1.5173, »¥p 1.5200.
These values for the boiling point and refractive index agree
satisfactorily with those reported by Kahlbaum,® b.p.
141.0° at 760 mm. and #%p 1.5198 and by von Zawidzki,?
n.4p 1.51745.

Ethylene bromide was prepared from ethanol by dehy-
dration and subsequent bromination; the crude product
was recrystallized from methanol in a Dry Ice-isopropyl
ether-bath. It was then washed twice with 809 sulfuric
acid and with water until the wash water was neutral, and
was subsequently dried over potassium carbonate. The
purified ethylene bromide distilled at 129.7-129.8° (uncor.)
at 746 mm.; the refractive index of the distillate was n%p
1.5359. These figures agree well with those reported by
Anschiitz,” b.p. 129.5° at 745 mm., and by von Zawidzki,*
n%.4p 1.53601. When the recrystallization and subsequent
washings, drying, and distillation were repeated, the boiling
point and refractive index were found to be unchanged.

Preparation of Propene and Ethylene.—Ethylene and
propene were prepared in an identical fashion, by the re-
action of strip zinc with the corresponding dibromide di-
luted with an equal volume of 959, ethanol. The reaction
was carried out in a 500-ml. three-necked flask fitted with a
Friedrich condenser, a thermometer, and a vertical safety
tube extending well below the surface of the reaction mixture
and leading to an open erlenmeyer flask about 75 cm. above
the reaction flask. The safety tube served as a convenient
pressure gage during the generation of the gas. From the
outlet of the Friedrich condenser the gas passed to a 20-
cm. one-piece spiral wash bottle containing a 1:1 mixture
of ethanol and water and then to another similar wash bottle
containing pure water. Finally the gas was absorbed in
two Friedrich-type gas wash bottles each of which con-
tained about 200 mi. of carbon tetrachloride.

After the dibromide and the ethanol had been placed in
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the reaction flask the whole system was swept out with ni-
trogen. Then a small portion of zinc was added and the
mixture was heated very gently for about 30 seconds in
order to start the reaction. Once started it proceeded
quite rapidly without further heating; a cooling bath was
usually necessary in the early stages of the reaction in order
to prevent the evolution of gas from becoming too vigorous.
The remainder of the zinc was added as needed, and the re-
action was allowed to continue at room temperature for
several hours until the carbon tetrachloride appeared to be
saturated with the olefin. The solutions of the olefins in
carbon tetrachloride were stored under an atmosphere of
nitrogen in order to prevent the formation of peroxides which
might interfere seriously with the analytical procedures.!

Distributions.—The distributions were carried out at
25.00 == 0.03°; introduction of the solutions, stirring, and
sampling were all carried out in the manner described
earlier.*8

The Analytical Procedure.—In the earlier work, satisfac-
tory analyses for the higher olefins and other unsaturated
substances were made by bromination with acidified stand-
ard bromate-bromide solutions; the excess of bromine was
determined iodometrically. Since it has been reported
that bromine adds less rapidly to ethylene than to the higher
olefins in water?® as well as in dry carbon tetrachloride!® and
methylene chloride,”! the suitability of the bromination
procedure for the determination of ethylene required study.
Because, as shown below, the method was found to be sat-
isfactory for the determination of ethylene it was assumed
likewise to be suitable for the determination of propene and
no explicit study of the rate of bromination of propene was
made.

Suida and Wesely® studied the rate of absorption of ethyl-
ene when mixtures of ethylene and air were shaken with
0.005 N bromine water. They showed that all of the ethyl-
ene was absorbed in less than six minutes from a mixture
which contained initially 109 of the olefin and that all of
the ethylene disappeared in less than four minutes from a
mixture containing originally only 7% of this compound.
In all of our experiments in which the bromination mixture
was homogeneous, that is, in the analyses of aqueous solu-
tions of ethylene and of ethylene and the readily-dissociated
silver ion-ethylene complex, the excess concentration of
bromine was 0.003 N or greater and the bromination time
was about fifteen minutes. It would appear that there
should be no difficulty in obtaining quantitative bromina-
tion of the ethylene under these homogeneous conditions.

Several studies have been made of the rate of bromina-
tion of ethylene in the dark in carbon tetrachloridel®s2.3
and although none of the results can be applied directly to
the present work several observations are pertinent. The
addition of bromine to ethylene is reported to be relatively
slow in pure dry carbon tetrachloride but it is markedly
accelerated by the presence of moisture!® and hydrogen
bromide.!? Davis claims that the greater part of the reac-
tion takes place in the aqueous phase; he also states that
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““in solutions of carbon tetrachloride saturated with water
and containing equimolar amounts of bromine and ethylene
the bromine color disappears in a few minutes although in
the absence of water the color may persist for a long time.”’
The applicability of the previously used bromination pro-
cedure to the determination of ethylene in carbon tetra-
chloride was tested as follows. Aliquot portions of a freshly
prepared solution of ethylene in carbon tetrachloride were
added to an excess of acidified agueous bromate-bromide
solution in evacuated flasks wrapped in dark cloth. The
time of bromination was varied from 6 to 46 minutes and in
addition certain of the mixtures were shaken mechanically
during all or part of the period of bromination while others
were allowed to stand essentially undisturbed. Attheend of
the period of bromination an excess of 2 NV aqueous potassium
iodide was added, the mixture was shaken for a few minutes
in vacuo and the iodine which had been liberated was ti-
trated at once with thiosulfate. These experiments showed
conclusively that mechanical shaking was a practical ne-
cessity and that, with shaking, essentially complete brom-
ination took place in less than 15 minutes. In the actual
analyses of distribution mixtures, the bromination mixture
was shaken for 15 to 20 minutes in the dark. Theremainder
of the analytical method was essentially that used earlier.t

Results

Distribution Ratios.—The distribution ratios at
25° of ethylene and propene between carbon
tetrachloride and water and between carbon tetra-
chloride and 1 N potassium nitrate are given in
Table I. Four or more determinations were
made of each value.

TABLE I
DisTRIBUTION RATIOS® FOR ETHYLENE AND PROPENE AT 25°
Compound Kw Kn
Ethylene 33.5 + 0.4 40.2 £ 0.3
(0.01-0.02) (0.01-0.02)
Propene 147 4= 1 225 £ 2
(0.05-0.09) (0.07-0.28)

a The numbers in parentheses beneath each constant in-
dicate the range of (B), used in the determination of the
corresponding constant.

Argentation Constants.—The complexes of sil-
ver ion with ethylene and propene were studied
only at unit ionic strength, with 1 N silver nitrate
and 0.5 N silver nitrate-0.5 N potassium nitrate.
Six or more determinations were made at the
higher silver ion concentration, and at least four
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at the lower. The results are summarized in

Table II.
TaABLE 11

ARGENTATION OF ETHYLENE AND PROPENE AT 25° AT UNIT
IoNic STRENGTH

Com-
pound (Agt) (B)e, M Ko KE
Ethylene 1.000 0.0027-0.0050 2.44 + 0.01 98.1 +1.0
0.500% .0019-0.0032 2.28 £ 0.04 91.7 +£1.7
Propene 1.000 .026-0.073 0.430 =0.002 96.8+1.0
0.500% .042-0.078 0.409 = 0.003 92.0 £ 0.7

@ Potassium nitrate was added to maintain u = 1.000.

The lack of significant variation of the argenta-
tion constants with variation in olefin concentra-
tion over an approximately twofold range indicates
that for ethylene and propene, just as for the other
monodlefins studied,’—* there is no significant
formation of a di-olefin complex in the concentra-
tion range investigated. On the other hand, there
is an appreciable decrease in the evaluated con-
stants, Kg and K, with decrease in the silver ion
concentration at constant ionic strength. The
assumption may be made that +ypag+/vag+ is
constant as potassium nitrate replaces silver ni-
trate; this assumption is convenient,* but by no
means necessarily correct.’ If ypag+/vag*+ is
constant, then the variation of Kg (or K,) with
varying concentration of silver ion may be attri-
buted to the formation of a disilver complex, and
the corresponding values of K; and K, (at u = 1)
may be calculated. The constants obtained in this
manner are, for ethylene, K; = 85.3 and K, =
0.15; for propene, K; = 87.2 and K, = 0.11.

The substitution of the first methyl group on the
double bond appears to have essentially no effect
on the argentation constant. It seems likely that
there are (at least) two opposing effects which
approximately cancel here; this matter is dis-
cussed in a later paper,’® in which the relative
values of the constants for all of the olefins which
have been studied are considered.
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