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This may be represented thus:-

CHB.CO.O.Na
— CH3.0H3 + 2 CO2
CH.,.C0.0.Na
3
SODIUM ACETATE ETHANE

Traces of methyl acetate and ethylene were alse
found (2). At the time, this reaction was considered
to be due to the oxidation of acetic acid by oxygen
formed as a result of the electrolytic decomposition of
water.

The Kolbe reaction has since been found to be
widespread. The electrolysis of salts such as sodium _
ethyl malonate give ethyl succinate (3), and when a mixture
of the salts of two different aliphatic acids is electro-
lysed, the Kolbe synthesis may give rise to a mixed hydro-
carbon in addition to the two hydrocarbons which would be
expected if the acids were electrolysed separately (4).

It was found, however, that the Kolbe reaction does not
occur with the salts of dmcarboxylic or aromatic acids.

James Walker (5) endeavoured to carry out the
Kolbe synthesis with the salts of hydroxy acids and
hoped to obtain the corresponding dihydric alcohols:

+
2 OH.CnHEnfGO.ONa —-3 (anZIpH)2 + 2 Cozﬁb 2 Na







































that the crystalline solid was calcium carbonate.
Ca(OH), + CO, —> Cavdg + H0

The deposit was proved to be a carbonate by the
standard qua’ "’ “ative test with lime water. Oxalate was
shown to be absent.

If the cathode solution was allowed to become
very alkaline, a thick white turbidity slowly formed under
the porous disc in the anode compartment, and eventually
formed a layer on the floor of the electrolysis vessel.
This bshaviour was believed to be due to the diffusion of
calcium hydroxide through the porous disc and its combina-
tion with digsolved 002 in the anolyte to form a cloud ~f
calcium carbvonate.

On testing with litmus paper, it wasg found that
the anode solution had become digtinetly acid. After six
hours electrolysis at an anode current of 60 mA., the
anode solution had become approximately 0.03 N with res-
pect to acid, The electrolysis wasg continued for ten
hours, when the anode solution, which had become approxi-
mately 0.05 N with respect to acid, was removed from the
electrolysis vessel for examination. The cathode solution
was replaced every two hours throughout the electrolysis.
Vacuum Distillaticn. |

Various means of extracting ethylene glycol 2,3
in a pure form were examined.

Bulylene glycol is not volatile with steam and
has a voiling point of 182.5°C at 742 mms. pressure (17).
It has a melting point of 24°~ 279C and is miscible with
water and ethyl alcohol but is only slightly soluble in
ether (14).

Vacuum distillation appeared to be the mogt
suitable means of first concentrating the - ducts of
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anode, as envisaged by the Discharged Ion Theory, the
rassage of one Faraday would produce one equivalent of
l:stic acid.  (See Equation 8.) However, an exemination
of the products of electrolysis shows that a good deal
less than one equivalent of lactic acid is produced

even if all the cther products of electrolysis are assumed
to result from the oxidation of lactic acid. Column J,
Table XV, Section 8, represents the algebraic sum of the
gram equivalents of lactic acid, acetic acid and acetal~
dehyde per Faraday. (i.aJ = B+ C-D.) As may be
seen from the table, the quantity J never exceeds the
value 0.82, while the mean value is approximately 0.75
gram equivalents per Faraday,

While 1t cannot be said from this evidence that
the lactate ion is definitely not discharged at the anode,
it can be said that the Discharged Ion Theory is not
adequate to explain this particular electrolysis. Other
ions, namely hydroxyl ilons, must be discharged at the
anode also.

The hydroxyl ion hypothesis, in which the lactic
acid is formed by the union of a hydrogen ion and a lactate
ion (Equation 2), can explain the situation, on the other
hand . The fact that the value of J is legs than unity
may be explained by the migration of some hydrogen ions
from the anode compartment to the pathode compartment.

Although the above evidence cannot be described
as absolutely conclusive, if the information gleaned from
the anode voltage/current density determinations is also
taken into account, it seems very probable that hydroxyl
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a comparison of the yields of acetaldehyde and acetic
acid at low current densities. The yield of acetic
acid per Faraday is almoat double that of acetaldehyde
for currents of 10 mA. and 20 mA., using the 6 sq. cm.
electrodes. (Bee Figure 13.) It is therefore unlikely
that the acetic acid here is derived from the oxidation
of acetaldehyde, otherwise a similar situation should
apply at higher current densities when the oxidatiom
process is more vigorous. An examination of the end
products at higher current densities shows that the
yield of acetaldehyde is generally slightly higher than
that of acetic acid. .

Further, i1t has been shown in Section 4 that
the yield of pyruvic acid increases at the expense of
lactic acid at low current density. In fact at a current
of 1 mA., using the 6 sg. cm., electrodes, the acid pro-
duced in the anad e compartment is practically all pyruvic,
Since the yield of acetaldehyde falls rapidly at low
current densities and yield of acetic acid remains
reasonably constant, it follows that the acetic acid is
derived largely from the oxidation of pyruvic acid and
the acetaldehyde from oxidation of lactiec acid. o1
courge, at higher current densities, a certain amcount
of acetaldehyde is bound to be oxidised to acetic acid,

Incidently, the falling off of the yield of
acetaldehyde at low current density is additional confir-
mation that lactic acid and not the lactate ion is
oxidised to acetaldehyde, since the yield of lactic acid
ig known to diminish at low current density.

The Evolution of Carbon Dioxide.

It was hoped that the yield of carbon diocxide
would show & correlation with the sum of the yleldsof acetic
acid and acetaldehyde in aoccordance with Equations 3, 4
and 6, Even thovgh the electrolyte was saturated for one
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It is clearly observable that when carbon dioxide

has been bubbled through the electrolyte for half an hour
or more before the electrolysis, the quantity J is increas-~
ed to a large extent.

Although no mention of this method has been
made in Section 5, where methods of increasing the yield
of lactic acid were discusséd, the pagsage of carbon
dioxide through the electrolyte is indeed a means of
increasing the yield of lactic acid.

SUMMARY OF SECTION 8.

1) A brief introductory discussion on the general
- theories, which have been advanced to explain
the electrolysis of acetates, has been made
in order that the reactions which cccur during
the electrolysis of calcium lactate may be
elucidated in a similar manner.

2)  Tor comparison purposes, the end products of the
twe electrodes for wvarious anode currents and
periods of electrolysis, have been reduced to
a common unit; namely, the yield in gram
equivalents per Faraday. Thege guantities
have been recorded in Table XV, Section 8,

3) From a quantitative consideration of the end
products of electrolysis, the following are
believed 4o be the reactions which occur at
the anode during the electrolysis of an agueous
0.1 molar golution of calcium lactate.

OH™ 4 OF™ =~ 4 0+ HéO +D e

(Equation 1)
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