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gressed to a very considerable degree, giving the high results
obtained for volatile acids and specific gravity obtained from the
samples which showed no mold. The germs of the Coniothecium
fungus having gained access to the fat, or, more probably, having
been contained in it originally, and their growth being started by
the favorable conditions resulting from the splitting up of the
glycerides, attacked the liberated fatty acids and glycerides, and
consumed them in proportion to the growth. The growth of the
fungus produced further decomposition and a further consumption
of fatty acids, with a preferment for those of lower molecular
weight, until the remaining mixture of fat and free acids gave the
diminished values for volatile acids and specific gravity obtained
from the molded samples.

Experiments are now in progress in this laboratory having the
object of a more exact investigation of the changes brought about
in fats by the growth of mold. This I hope to accomplish by
growing pure cultures upon a large quantity of fat of known com-
position. As these experiments will necessarily require a long
time for completion, I report the results set forth above as a pre-
liminary paper.

My thanks are due to Mr. F. E. Simon and Mr. A. B. Adams of
this laboratory, by whom the principal part of the analytical work
was performed.

[CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEMISTRY,
No. 65.]

AN ELECTROLYTIC STUDY OF PYRORACEMIC ACID.

By GEORGE W. ROCKWELL,
Received March 12, 1g02.

WisHING to study the effect both of the oxidizing and reducing
power of the electric current upon an organic body, aiming at the
same time to fix the conditions so that other persons upon repeat-
ing the experiments might well expect to get similar results, I
selected pure pyroracemic acid for my investigation.

The apparatus employed in the experiments consisted of a
beaker glass, a porous cup, which served as a septum for the
separation of the anode and cathode liquids, and two platinum

1 From author's thesis for Ph.D. degree, 1900.
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electrodes of 100 sq. cm. surface each. When hydrochloric acid
was used as an electrolvte, an anode of carbon was substituted for
that of platinum. In several instances lead electrodes were used ;
these were of the same surface as that of the platinum electrodes.

The solvent generally employed was ordinary alcohol (about 93
per cent.). The concentration of the solution electrolyzed de-
pended upon the conditions assumed for each experiment.

When a temperature sufficient to volatilize alcohol was used, a
return condenser was inserted into the neck of the porous cup, by
means of a large rubber stopper.

The current employed in most of the experiments was from an
ordinary 110-volt incandescent light circuit, which was adjusted
by means of lamps and wire resistance frames, so that a current
ranging from 0.1 to 10 amperes could be used. Sometimes the
current from five chloride accumulators, and in one instance only,
that of eight gravity cells of the ordinary type was applied.

The temperature was taken with an ordinary thermometer. The
readings were made with the thermometer inserted in the cathode
Hquid.

Attempts were made to estimate the various products of the
electrolysis quantitatively, but I am convinced that thev have fallen
short in every case.

EXPERIMENTAL PART I
The experiments considered in this part are those in which the
oxidizing action of the current was studied.
A. Ouxidation in Sodium Hydroxide Solution.

Experiment 1.—This was conducted with the following con-
ditions :

Pyroracemic acid. v viri it inniiniiiiiiiiia 5.56 grams.
Sodium hydroxide «.ovvvvve e Io grams.
AlCOBOl t i i e e i e e aes 100 CC.
TEMIPETATUTE « e vvvr v vruenonne sioevnnsveneoeae iene Ordinary.
B3’ 5 TS 22 hrs.
Normal density, N, D.jggeeeeeeeeenvireriaiann, 1.3 amperes.
Voltage ......................................... 32’,“3 volts.

Water sufficient to dissolve the sodium hydroxide was also
added.
A Bunsen voltameter containing alkali was inserted in the cir-
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cuit, in order to compare the volumes of the electrolytic and ex-
perimental gases given off in the same period of time.

One comparison was made and the experimental gas analyzed.
The results of the analysis are as follows:

Volumes of the gases disengaged in the same time:

ElectrolytiC cvverevenine varnei it aieienannens 79.1 cc.
Experimental ««ooveiviriniieiiiiiiieiiiiinines 12.4 ccC.
0.4 ce, CO,
The experimental gases were......ccoeieranenss { 28cc. O
g.2 cc. N

This analysis shows the presence of air and as the experimental
gases evidently did not escape fast enough to prevent the air from
entering in at the joints of the apparatus during the time of their
collection, no more comparisons were made,

Toward the close of the experiment it was noticed that the
brilliancy of the incandescent lamps, through which the current
was conducted, was greatly diminished, until finally the filaments
became dull red in color. This indicated that the solution in the
porous cup had become greatly deficient in its power of conductiv-
ity, but the real cause of this behavior was not noticed at the
moment,

The contents of the porous cup were poured into a beaker glass,
where they were discovered to have changed color, passing from a
straw-yellow to a cherry-red. The solution was allowed to stand
over night and then was filtered through a coarse filter-paper to
remove silica, after which it was distilled over a free flame. The
distillate possessed an ethereal odor.

Ezxperiment 2—The oxidation was made with:

Pyroracemic acid..eeviviiiieiiiiiiiiaiiaiians, 4.33 grams,
Sodium hydroxide.seeer covervrerrivininnenaa. 5 grams,
) + U ) 50 cc.

S T R 5!/, hours.
TempPeratire «oev eoseesserassoesssresoessonnses Ordinary.
N. D100 ........................................ 1.3 amperes.
Voltage +seerieeninernntiiieiioiinieianesasess 3'/y volts,

Water sufficient to dissolve the sodium hydroxide was also
added. In this experiment the experimental gas was collected
after the current had been allowed to act for some time. It was
analyzed with the following results, 100 cc. of gas being taken as
sample each time.
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Analysis 1.

100 cc. of gas taken during first and second hours:

Carbon dioxide «..vvvve i i i e e 24.6
(05 4770 < T R R PR 9.6
Carbon MONOXIAE «vveee v atneemierseeeeetonsenaneearenes 14.6
Do B8 JoY S B R 51.2
Analysis 11.
100 cc. of gas taken during third and fourth hours:
ce.
Carbon AIOXIAE veee vevennveer v verearesvovrasnonecnas 73.2
Analysis 111,
100 cc. of gas taken during fourth and fifth hours:
cc.
Carbon dioxide. s ceeveeriieinr i nereertnenennnsneeess 59.6
Oxygen ................................................ 9.4
Carborn MonoXIde vt tveerrvineters catresunsasassnenns 13.6
NItrOGen ¢ eeuretvoreenaataienes coruntoenetiaiesaoanes 17.4

These gas analyses show that the action of the current had
taken effect, either in oxidizing some of the carbon of the pyro-
racemic acid to carbonic acid, or that it had caused a rupture in
the molecule CH,CO COQOH, splitting off carbon dioxide.

The contents of the porous cup were treated as above, and it was
noticed at this juncture, that the distillate possessed the odor of
acetic ether.

Experiment 3.—About 29 grams of pyroracemic acid were used;
all the other conditions were not noted, the object being to get a
better insight into the gases by a more rapid evolution of the same
from the experimental cell. They were collected in samples of 100
cc. after the current had acted for several hours.

Analysts 1.

Carbon AloXIde . veverevererenrreorersessnsseroaasssansas 92.8
OXYEOIL «reretsernssvasetcnutnnonsotusssncarenotasaones 3.0
Carbon Monoxide sovveeviirer et cienietiirresosrananns 1.0
B 0T s A R R LR RSP R PP 3.2
Analysis I1.
cc.
Carhon dIoRIde . s o veetieiereiret veeetietnntn i onsaesnanas 8s5.0
OXYOI + et tvetncnnrorentetieeeeeiesacatsaneansociees 7.8
Carbon mMONOXIAe . s tevevieeroreeroreseotsvionsronoenans 2.8

NIIOZEI t v v e vrae e anes ett e et aaes s, 4.4
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The samples for these analyses were collected several hours
apart and show conclusively that the action of the current had
either caused an oxidation or a breaking-down in the molecule of
the pyroracemic acid.

The electrolyte in this experiment possessed the color and odor
previously observed.

Experiment 4—Here the conditions were:

Pyroracemic acid...ccovveiiiiiniiiiiiiiiiii. 19.87 grams.
Sodium hydroxide.. .. oveviieeiinierinan e 40 grams,

73 T Ve ) S 150 cC.
TWaAter cevees tecestvosesrsssnsoansssossonsasoars 100 CC.
Temperature. .o esvenroeass sotensessunnsensnas Ordinary.
T e e e vt reroananenvsssssasseossasassosanesos go hours.
N.D.jggeerocosooroecareenauiareniieenconsansse 1.3 amperes.
VOIAZE «ovevreeuaeniorniariisisinicisiiaaanns 3-4 volts,

Thus far I had collected the gases escaping from the experi-
mental cell over the same water, and I observed that the latter
possessed an odor characteristic of aldehyde. The electrolyte,
also, if noticed carefully, was found to bear an aldehydic odor, be-
sides that of acetic ether and alcohol.

As a consequence of these observations, an Erlenmeyer flask
containing ether was inserted into the exit tube leading to the
vessel in which the water was contained, and allowed to remain for
several hours, after which the flask was removed and dry ammonia
gas passed through the ether. A white precipitate of aldehyde
ammonia was the result.

Experiment 5—The amounts of material varied but little from
those in the preceding experiments.

Pyroracemic aCideieeenrirairrienn crirrnarerenaas 10 grams.
Sodium hydroxide . «vovvveieieiiiiiniii i 10 grams,
Alcohol..... e eeeesesestesenertt s ata it anen 100 cC.
WAL cvoeesvestossonssoas sonooesstsessansanns 85 cc.
Temperatire « cooeeecesarerscsoessseasasnssoasss 30°-80° C.
NI ¢ e v v ee vvvaneonnsseasssssonsanuassonnsnsans 8 hours,
N.D.jgg srveerecsaeovssssscansntosccsacasaasrsss 2.5 amperes.
VOltage s ersr vrnsennetnniiniiittiestanaanseeans 6~20 volts.

With the anode liquid made up as above indicated, the experi-
ment was started and allowed to continue until it became almost a
non-conductor, as observed in some of the preceding experiments.
The temperature and voltage increased while the amperage natu-
rally decreased.
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The gases were passed through ether, as before, and the alde-
hyde precipitated by ammonia. The yield in this experiment was
equal to 0.9656 gram aldehyde, or 19 per cent. of the theoretical.

Here it might be the proper place to offer some theoretical ex-
planation of the reactions so far observed.

First, it seems that aldehyde is the first product of the oxidation,
and it appears to be formed by the breaking-down of the acid
molecule in this manner:

CH,COCOOH = CH,CHO + CO,.

Secondly, from the very characteristic odor of acetic ether,
which is, without a doubt, present, I conclude that it must be
formed from the acetic acid, which would naturally be the next

product of the oxidation, and the alcohol present in the solution
thus:

CH,CHO 4+ O = CH,COOH,
CH,COOH + C,H,0H = CH,COOC,H; + H,O.

The singular fact about this is that these reactions took place in
a solution that was strongly alkaline to begin with, But as we
know that such ethers are generally formed in acid solutions, the
pr sence of acetic ether here gives very reliable evidence of the
formation of acetic acid as a second product.

Thirdly, another reaction, in all probability, takes place thus:

CH,COOC,H,; + NaOH = CH,COONa + C,H,OH.

By this reaction sodium acetate would be formed, regenerating
the alcohol.

All these reactions, of course, are only of theoretical interest.

Experiment 6.—The material used was:

Pyroracemic acid. - seeenrienniins viiieiien e, 10 grams.
Sodinm hydroxide .«eveevieriiiiiiiiiii i, 10 grams.
AlCOhOl i er i ittt it ieiscie e aasaaees TOO CC.
VO ¢ v eeee vt sass soanantasunsannonsas canne 110 cC.
TempPerature « e oueeuneeeeneansentanaensone nns 60°-80° C.
T TIIE v v e e tnne sae et e e e 5 hours.
N.Diyggrreerrvenronnenoroasaneennes sonsssnenns 2.5 amperes.
VOltage e veeetinr vaietiiiier citnte et iaeanos 656 volts,

The cell containing this solution was placed upon a water-bath
and was attached to a return condenser, which served to condense
any vaporized alcohol. A low flame was applied to keep the tem-
perature within the limits given. A long glass tube connected the
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top of the condenser with two Erlenmeyer flasks, which contained
anhydmous ether. This tube served to conduct the exuding gases
through the ether.

The experiment was interrupted when the bubbles passed slowly
through the ether and in place of the return condenser an ordinary
Liebig condenser was attached to the anode eshamber and the ex-
periment continued. A liquid very like acetic ether in odor began
to distil over at 76°-77° C., but almost immediately the tempera-
ture rose to 78° C., when alcoho! came over. The distillate was
collected for several minutes and it had all the appearance and
odor of those residual liquids obtained from the ether extractions
in the previous experiments.

The change in color of the anode liquid was undoubtedly due to
the usual effect of an alkali on aldehyde.

The precipitated aldehyde ammonia in this case equaled 0.7980
gram, equivalent to 0.5755 gram of aldehyde, or one-tenth of the
theoretical yield.

The anode liquid was evaporated on the water-bath after filtra-
tion, when it gave a tarry residue, from which nothing could be
sublimed.

Experiment 7—The same conditions were observed as given
above for Experiment 6, with the exception of the time, which was
cut down to four hours and twenty minutes. In this experiment
the ether was chilled by ice-water and a copious precipitate of alde-
hyde ammonia was obtained. It was not weighed.

Experiment 8§ ~—This was performed according to the conditions
under Experiment 6. A better yield of aldehyde was obtained.
The aldehyde ammonia equaled 4.88 grams, equivalent to 3.41
grams of aldehyde, or about three-fifths of the theoretical.

Experiment 9—This experiment was performed with the fol-
lowing conditions:

Pyroracemic acid.ceevvueeriirieiieininenn 10 grams,

Sodium hydroxide ........................ 10 grams,

Water +vvvevsserssasessssocnnsroscoscense 110 cC.

AlCONOLl it venevenresnsrsennasssosasesanaanns 100 ¢C.

THIIE vt en torevenstossvasscsasassnsanasasne 7'/, hours.
TempPerature +eeseecresesseesotarsnonnesss 350° C.
N.Dijggeeereesonsassnesssocotsscacsonnnns 1.35-0.85 amperes,
Voltage vt evretenrarinnrenenniiesineens 5-40 volts,

Lead electrodes were used. It is seen, from the above data re-
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garding amperage and voltage, that the action proceeded along
the same line as it does with the platinum electrodes. The alde-
hyde was precipitated as aldehyde ammonia, as before; it equaled
1.5522 grams. It was thought that the lead peroxide being
formed at the anode might aid in the oxidation, but it seems to
have no action.

Experiment 1o.—The conditions observed here were similar to
those of Experiment g, with the exception of the temperature,
which was raised to 70° C. For the platinum electrodes, two
carbon electrodes of 45 sq. cm. were substituted. This experi-
ment yielded aldehyde upon the usual treatmesft. It was not
weighed.

It was thought that possibly the carbon would produce milder
oxidation, by uniting with the oxygen to form an atmosphere of
carbon dioxide, and thus retard the oxidation. In this manner it
was hoped to form acetyl superoxide, and then have this break
down into diacetyl, thus:

1. CH,COCOOH CH,CO0
-+ 000 = H,0 + 2C0, +
CH,COCOOH CH,C00
2. CH,COO CH,CO
| +00=_| +:20,
CH,CO0 CH,CO

As Schall in 1871 claimed to have obtained a persulphide of an
analogous formula to that given to acetyl superoxide, it seems,
reasoning by analogy, that if diacetyl exists at all it should be ob-
tained from pyroracemic acid, if any acid is to yield it, according
to the above indicated reactions.

B. Ouxidation in Sulphuric Acid Solution.
Experiment 1.—The following material was employed:

Pyroracemic o) 1 10 grams,
Sulphuric acid (Conec.). eeevieiieiiieriinrnss 20 cc.

NG T s Vo ) [ P 100 CC.
Temperature ................................... 60°~-80° C.
o 1E v e et v v et cees enetvesenann sovasesonasans s 4!/, hours,
N. Dijggreererreecensrottacsncsotsnsoaseseennees 2.5 amperes.
Voltage eoe e ineeniteitinaiiieenianenuaiiaes 3 volts.

This experiment was conducted in an apparatus similar to that
emploved in the sodium hydroxide solutions. Aldehvde ammonia
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was precipitated in the usual manner. The anode liquid had the
odor of acetic ether.

Experiment 2.—In this experiment conditions similar to those in
Experiment 1 were observed. The anode liquid was shaken out
with ether and distilled as usual; the resulting distillate was of the
same nature as those produced by the experiments made in sodium
hydroxide solution. This is a further proof of the production of
acetic acid, as here we have the production of acetic ether in acid
solution.

Experiment 3—The following conditions were observed :

Pyroracemic P73 L 10 grams.
AlCOBOl v tetveniernaerenecrttaossnsossoaascansns 100 ¢C.
Su]phuric acid (CONC.)eeereee veviviinnninennnas 25 cc,
Temperature « .oceesorovesoncacasusssassonsenss 50° C.

I s eve toesnosvoses ensnnsvsoanssosnesssaasanos 27 hours.

N. Dijggrereeeeneratoreearosusnsansesoeenioneanes 0.45 ampere.
Voltage «evv vt it ritt tiei e ciaiiia i 2%/, volts.

The thought entertained here was that with low pressure and
density there was a possibility of obtaining diacetyl in sulphuric
acid solution. No attempt was made to collect the gases. An
inverted condenser was used to return any alcohol. The anode
liquor was extracted with ether several times, but nothing new was
found.

Experiment 4—The conditions in this experiment were:

Pyroracemic acid: cveeeevn i i 10 grams.
Sulphuric acid (cone.)eeeeeeeineriiiiiiiiiiiian 20 cC.

- e & Vo ) S s .ese 100 CC.
THIIE e ev oevnvrnennanorsonsansasosssnuonassnnss 71/, hours,
TemMPErature « . eecevoeeseveuonsonssnesnsoceroens 60° C

N. Dijggerrerecscotsssercasansiansassosecensoaes 1.4 amperes,
07 - S 41/, volts,

Lead electrodes were employed. Aldehyde was precipitated by
ammonia, but was not weighed for the reasons already noted. The
anode liquid yielded nothing new.

Experiment 5—The conditions observed here are similar to
those under Experiment 4, with the exception of time and density.
The time was three hours and N. D.,;;, = 0.9 ampere. Carbon
electrodes were used. Aldehyde and the other products were
obtained. This experiment was interrupted at the point when it
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was supposed that the aldehyde would begin to come off, but such
a point was not found.

C. Owxidation in Hydrochloric Acid Solution.

Experiment 1.—The following conditions were observed:

Pyroracemic acid.«evveneevree iiivrien e nn., 10 grams.
Hydrochloric acid (conc.) «+ovvvvvvnvnieinininn 30 cC.

7N T « VoY S 100 cC.
1 T 5 hours
TemMPerature « covn covene vuenencanenrceenenonnas 60°-7¢° C

D B R 2,5 amperes.
Voltage «oove ettt 5 volts.

A carbon plate was substituted for the platinum anode in these
experiments, otherwise they were conducted as those which pre-
cede them. Upon the passage of ammonia gas into the chilled
ether a white coloration was produced, but it disappeared after a
short time. This was probably due to a little volatilized hydro-
chloric acid gas in the ether, or perhaps there was sufficient water
in the ether to dissolve it. The anode liquid was treated as above,
but gave nothing other than what had been noted previously.

Experiment 2~—Here 1 used:

Pyroracemic ACIA e et te i et it e e 20 grams,
Hydrochloric acid (conc.)«.vv vevevorrnannanninn 60 cc.

7 N TaTe Y o Vo ) A 150 cc.
0 5 T P 24 hours.
TemPeratire. .o covrvtecenressonanisoroeanesoes 50° C.

N. D~mo ......................................... 0.4 ampere.
VOltage «ovvenverirr viveieiorennrunioisiasieee s 18 volts.

The anode in this experiment was a common graphite pencil
with the wood removed at both ends. My hope was that I might
obtain diacetyl, but without avail.

Experiment 3.—Material slightly varied again:

Pyroracemic acid..veeeviieviviiiiiiniiiine. ., 20 grams.

-8 LYY ¢ o S A 100 cC.
Hydrochloric acid (conc.) seeerevrirvianinnns 30 cc,

T OmPEratiIE- « ot evvetscornvauinsneinseransnss 40° C

I e et svevanenossroenaneeennnonsasasnannns 10 hours.

B P I.35 amperes.
Voltage ....................................... 5 volts

A carbon plate was used. The anode liquid, analyzed as before,
revealed nothing new.
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D. Ouwidation of Certain Salts of Pyroracemic Acid.
The magnesium, sodium and iron salts were made with care and
their solutions electrolyzed with the hope of obtaining diacetyl,
but it was not found.

E. Owxidation in Sodium Carbonate Solution.

Experiment 1.—Here I used the following:

Pyroracemic acid. . vvveetvetiieniionciiiranaains 10 grams,
TiMe cen cietiiieneess vianasnsrassasnnassses s 6 hours,
TempPeratlire s . coeveerenessanenensasnosesnnnnoas 30° C,
N.Dijggrecececsasesceeseiietarieiiressaansnses 1.35 amperes,
Voltage svvvevriteiieiiiinnieeerinnearaenaans 6 volts.

The pyroracemic acid was dissolved in 100 cc. of water and
neutralized with sodium carbonate. The cathode liquid was also
a solution of sodium carbonate.

It was found that after a time the anode liquid became acid.
The escaping gases were tested for carbon dioxide and found to
contain g3 per cent. This indicates action similar to thet pro-
duced in a sodium hydroxide solution.

Experiment 2—QObserving that no diacetyl had as yet been ob-
tained, it was suggested to keep the anode liquid perfectly alkaline
by means of sodium carbonate added from time to time; also to
keep the cathode liquid as nearly neutral as possible by running a
stream of carbon dioxide into the same. With these precautions
all of the following experiments were directed to the formation of
diacetyl.

Pyroracemic acid..ovv voventiiiiniiiiniiiiiien 20 grams,
AIIIE v et vtes s et venneeseasonsesonenansosasanne 9'/, hours,
Temperature « toeese it troreetioniosncisssreensen 30° C.

N. Dijggrevreroarserotocetcnesssnsescnssssosanss 1.35 amperes,
0] £ T R 6 volts.

The pyroracemic acid was dissolved in 100 cc. of water and
neutralized with sodium carbonate. A small addition of the same
was made every half hour. The anode liquid was taken out and
distilled over a free flame. The distillate was salted out with
common salt and redistilled. This procedure gave a greenish yel-
low distillate, with a color very like that of diacetyl. This was
dehydrated over calcium chloride and distilled again. It retained
the same color, but the odor was like that of a weak solution of the
pyroracemic acid itself, after being boiled.
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The boiling-point of diacetyl (87°-88° C.) was never ap-
proached in the distillation of this substance.
Experiment 3—Again I employed the following:

Pyroracemic acid oeevnvrei v iieniiieniiienons 20 grams,
VAT t vttt tnt tees snet cn et verrsanintnaneannsns 100 ¢C.
I o v et teerer cuvnnannenneanaoacaans sannaoenns 10 hours.
TemPEratlre «c - vvnveruuenrnnrariensesaennnens 30° C.

D T T 1.8 amperes.
Voltage .o v vvnriveiiii i e 10 volts.

The anode liquor was acidulated with dilute sulphuric acid and
then distilled ; the distillate was salted out as before and redistilled.
It gave a greenish yellow distillate, which was treated according
to the method of Pechmann.! In accordance with this, normal
potassium hydroxide was added to the solution to alkaline reaction,
but it did not become colorless or a faint brown as Pechmann
asserts. It, however, became a light yellow in color. It was then
acidulated with dilute sulphuric acid and extracted several times
with ether. The ether was distilled off and a yellowish green
substance was left instead of a colorless oil as directed.

The object of this treatment was to form if possible the aldol of
diacetyl.

From what I obtained from the ether extractions, I attempted
to produce p-xyloquinone, by treatment with potassium hydroxide,
which would constitute a conclusive test for diacetyl. This, how-
ever, was not obtained. The p-xyloquinone is described as a
golden yellow crystailine compound, crystallizing from alcohol in
needles and subliming undecomposed. No product of such
characteristics appeared in the attempted transformations.

Still laboring under the impression that possibly that greenish
yellow material might be the sought-for substance, several
experiments were tried, some with the same conditions as those
given above and others with conditions slightly different. The
anode liquids were all treated as has been described, but no test for
diacetyl revealed its presence.

EXPERIMENTAL PART II.

In the reduction of pyroracemic acid the porous cup was made

the cathode chamber.
Y Ber. d. chem. Ges., 28, 1846.
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A. Reduction in Sodium Hydroxide Solution.

Experiment 1.—The following material was employed:

Pyroracemic acid. eeevneiirnci i iieneiiinnes § grams,

. o) o ) T 50 ccC.
WALEL « cevrvrnrinerernsnnocecse sonnavansenvans 50 CC.
Sodium hydroxide...«.evrevverressarinsees cons 8 grams.
Temperature « «ooecoevs v esaestanseeaaeeaenanas Ordinary,
THIIE vt eentvenarenercosaessnnersssstssnssanss 7 hours.

N, Dijggeorerrosarasscocesassssansscsestnsssncss 0.45 ampere.
Voltage cveeesense K etessnresaraerneeaneessanaes 3!/, volts,

The lactic acid in the cathode liquid was estimated according to
the directions in Beilstein’s “Handbook” as follows: It was
acidulated with dilute sulphuric acid and extracted with ether
several times. The ether was evaporated and the residual liquid
heated in a porcelain dish for some minutes on a water-bath to
expel any dissolved ether. Lead acetate was added to remove any
sulphuric acid present, The lead sulphate formed was filtered off
and more lead acetate added together with alcoholic ammonia
(alcohol go per cent., ammonia 10 per cent.) until no further pre-
cipitation was noticed. A white, slimy precipitate was obtained,
which, according to Beilstein, has the composition, 3PbO.C,H,O;.
This was filtered off, washed with alcohol, dried at 100° C., and
weighed. The same writer mentions that this precipitate contains
78.5 -per cent. lead oxide; therefore there is 21.5 per cent. free
lactic acid contained in it. The precipitate in this case weighed
2.595 grams, corresponding to 0.5579 gram of lactic acid.

According to the equation

CH,COCOOH + H, = CH,CH(OH)COOH,
10.91 per cent. of the theoretical yield was obtained.
Experiment 2—Here T used:

Pyroracemic a3 T 5 grams,

. Lo )« o S « 75 cCcC.

W ALer - tvvvtenesssssessassosasasosencrsnssnanss 50 cc,
Sodium hydroxide ............................. 10 grams.
TemMPErature  soee e vt veencueiatvasnreosensanss Ordinary.
THITI@ oo o eoos soononvoasenstaos toasasosnaseasnan: 5 hours.
N. Dijggrerecoroosnssasesssersetionsarsersseeeses 0.8 ampere.
VOltage .« o e veieararnetansesatanaseecoees cueuss 4 volts.

The cathode liquid was acidulated and treated as above. The
precipitate weighed 6.7581 grams, equivalent to 1.4529 grams of
lactic acid, or 28.43 per cent. of the theory.
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Experiment 3.—The material was:

Pyroracemic acid. «+vvvvvnin it il 5 grams,
Sodium hydroxide .. cvvverirrieniaiiieninnans. 8 grams.
Alcohol..vo vver v, e e re e et i eeee e, 50 cc.
VBT + v v nertuanen covs vavennsesansasonnennanes 50 ¢cc
Temperature ««eveeeereerirneraeesonsaeasancas 50° C.
8 PN 6 houts.
N. Dijggeeerrencrrontssonenecansaanss P 0.7 ampere.
Voltage.covvivtiiiiiiinininiaiinieeenaa, . 4 volts.

The cathode liquid under the prescribed treatment yielded
3.9592 grams of precipitate, corresponding to 0.8512 gram
lactic acid, equivalent to 16.65 per cent. of theory.

In the preceding experiments platinum electrodes were em-
ployed.

Experiment 4.—Lead electrodes were used in this experiment
with conditions as follows:

Pyroracemic acid.«.ooevrenrtciannn it it iannn 20 grams,
Sodium hydroxide.....ovvuiviniiiniiiiiii 10 grams.
7N (oY < o) 100 CC.
VBT « vt et vttt st te e sennnsseas tonennsnnnne s 110 CC.
TemPEratire s v vevrvrnrueciseesnntioersonerasnsos 60° C.
0 U= T 5 hours,

D T 0.9 ampere.
Voltage .« ovvvre viiriiiniiiiaies serte it 5-6 volts.

The cathode liquid, treated as usual, gave 4.5860 grams of the
lead salt, corresponding to 0.9859 gram of lactic acid, equivalent to
9.64 per cent. of theory.

B.  Reduction tn Sulphuric Acid Solution.

Experiment I.—Here 1 used:

Pyroracemic acid +vovvvveniiiieiii i, 10 grams.
AlCONO]l v etieeiiiiitsierertiansntiannansanns et 75 cc.
Sulphuricacid(conc_)..................... .. .. 20 CC.
TOIMIPEratire s v eevr v eeennaeeens innneennsornnnns 30° C.

Tt v e teee teee tvae beie ienecnns searareonane o 21 hours.
N.Dijggerereeveerereeeninnens sronrroaesinunnes 0.45 ampere.
VOltage «ovveneiririerniin i veniiieiani, 3 volts.

The cathode liquid was directly shaken out with ether, as it was
an acid solution, otherwise treatment was the same as when work-
‘ng in an alkaline solution. It yielded 3.0499 grams of the lead
salt, corresponding to 0.6557 gram of lactic acid, equivalent to 6.41
per cent. of the theory.
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Experiment 2—The following was used:

Pyroracemic acidivesse sanenns esesesvresnoanans 10 grams,
Sulphuric acid (€ONC.)eevretrovasraessensaaa . 20cCC
AlCONOL v oevvrtvenorvonarensoressnsisessasansns 75 cc.
Temperature. -« «tvovoeeernese Cereeeeeieaeees 30° C.

IITIE e v e cemess o cnvnsanasssosasssasassaonosnens 9 hours,

N, Dijggreresesecensoreesonesarinssnsinsorssacas 0.45 ampere,
VOIAZE «everevrotenorsirestesianrsrnannsensaes 3 valts.

The cathode liquid gave 7.1718 grams of the lead salt, corre-
sponding to 1.5417 grams of lactic acid, equivalent to 15.08 per
cent. of the theory.

Experiment 3.—Here T used:

Pyroracemicacid..c.evnve.. T rerreseseersranen s 5 grams,
Sulphuric acid (cone.)eeereeererininres cvinensn 20 cc.
AlCONOl tveverinenuevnvacronotossosssesssssssnns 75 ¢c.
Temperature.co.evouese. Ceerer et ieaas 30° C,
S 6 hours.
N.Dijggrrerreeroesnsesrsarassasiassssesasstvassos 0.6 ampere,
VOIAgE tevereterneneeetiiniin nens sasees von 31y volts.

The usual treatment gave 5.3731 grams of the lead salt, corre-
sponding to 1.1552 grams of lactic acid, equivalent to 22.60 per
cent. of the theory.

Experiment 4.—Here the following were used:

Pyroracemic acid.vce vereveirenniiiiiiieniaiae . 5 grams.

W ALET s s it ve v vnenvainnsseveossnanvenssanesssnns 50 cC.
Sulphuric acid (cONC. ) reeerreiesereniosiorraniss 25 cc.
AlCOholeveernnvroen. vans v aebere ettt enaaes 50 CC.
T tevr vt inneieironssnncsasnsonaesaes Ceeneen 6 hours
TEemPEratlire «eve covevaenee vaseneonssonnes Ceevae 35° C.

N, Dijgg rrerocoseeassossosastonaossasasstnnsnaas 0.8 ampere.
Voltage ......................................... 31/3 volts.

This yielded 6.4670 grams of the lead salt, corresponding to
1.3904 grams of lactic acid, equivalent to 27.19 per cent. of the
theory. Platinum electrodes were used in these experiments.

Experiment 5.—~Lead electrodes were used in this experiment
with the following conditions:

Pyroracemic aCid.cseeseooncteneineinaeensnnnons 10 grams,
Sulphuric acid (€ONC.) - v verviiiiiiniiainnnae, 10 ce.
ALCOROL . s ev et teee tenn s taras taanraranecnnesnnnes 100 cC.
Temperature. coeeveencreronrens ot seenecnsoes 50° C.

i e v veeecnveneessonoscooassoreaonnonnsnass 4}/, hours,
N. Diyggereevecocesesonaessrntnoresssossassnanns 0.85 ampere.

Vo]tage ........................................ 5-6 volts,
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The yield was 3.3203 grams of the lead salt, corresponding to
0.7138 gram of lactic acid, equivalent to 6.97 per cent. of the
theory.

Experiment 6.—Carbon electrodes were employed here with the
following conditions:

Pyroracemic acid.«oevvrvoniniiiiiiiii i, Io grams.
Sulphuric acid (conc.)«vveveveeeii e, 15 cc.

- N oY 5 VoY P 100 cC.
WAL « « v eovues taveasones teuseaerosesrsesnnnos 50 ¢c
Temperature  coevee v vvriniint voaris e i nens 60° C
THITIE ¢ evv e vtve toneusnmancons woansanooannnnnes 4'/, hours.
D 5 T I T 0.9 ampere.
Voltage...coovvviiiiiiiiiiinnss e eaee e 3.5 volts.

The cathode liquid gave 3.7693 grams of the lead salt, corre-
sponding to 0.8103 gram of lactic acid, equivalent to 7.93 per cent.
of the theory.

It might be well to state the maximum and minimum yields of
lactic acid.

In alkaline solution under the conditions of experiment (2) the
maximum was obtained, under those of (4), the minimum. The
figures are 28.43 and 9.64 per cent. of the theoretical yields.

In sulphuric acid solution, under experiment (4), the maximum
27.19 per cent., and under experiment (1), the minimum, 6.41 per
cent., of the theoretical was obtained.

In the reduction of pyroracemic acit by electrolytic hydrogen, it
seems natural that lactic acid should be the first product of the
reduction ; also, that by further reduction propionic acid should be
obtained.

The latter, in my opinion, is formed at least in small quantities
and probably, if exceedingly large quantities of pyroracemic acid
were electrolyzed and treated as described, it would be found.

Further, it is noticed in this part also, that the change in the
kind of electrodes causes no marked difference.

As a final conclusion it may be stated that this study reveals as
products of the electrolytic oxidation and reduction of pyroracemic
acid—acetaldehyde, acetic acid, acetic ester, and lactic acid with
some probability of diacetyl and propionic acid.
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