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THE LIBERATION OF HYDROGEN FROQH CARBON COMPOUNDS

INTRODUCTION

This research is a relnvostigation of the reactions
of certain carbon compounds with fused, causidc alkslies.
It differs from prrvious investigations in the following
important respects!

(1) A new method of conducting these reactlons is
proposed, namely, that of passing the vapors of the
carbon compounds through an equimoleculer mixture of
fused, caustic alkalios;

(2) A quantitative study of each reaction has been
mnadesy

(3) The reactions, so studied, have been used to
{llustrate and substantiate a newly proposed reaction-
mechanism which involves the amphoteric dissociation of
caustic alkalies; and

(4) Accordingly explains the liberation of hydrogen
from carbon compounds and thelr concomitant oxidations
ultimately to carbonates. |

Bach of the reactions studied has been carried out
rrevisusly, but under conditions that did not yield
quantitative data possessing stolchiometrical significance.
A review of the chemical literature discloses numerous
records of the interaction of sodiur hydroxide, potassium

hydroxide, soda=lime, potash-lime, and baryta with
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organlc compounds, vhereby the compounds undergo oxida-
tion with the sccompanying liberation of hydrogen. In
general, the experiments rerformed consisted in hoating

a mixture of the organic subsiance with alkalil in glass
tubes, retorts, or flasks, and the data obtained, as a
result of such a procedure, were far from accurate. A
few of the earlier investigators, Wurtz: NMerz and
Tibiriea, Hell, Nef, Bulsine, Carroll, etc., obtained
some quantitative results, but they are incomplete from
the polnt of view of establishing any squations prorosed
to show the course and mechanism of the reactlonse..

In order to carry out reamctions of carbon compounds

with fused slkelies on a quantitative basis, a method was
devised by Fry, whereby the vapors of the pure anhydrous
organic compound were passed thru an equimolecular
mizture of fused, anhydrous, caustic alkalies contained
in an apparatus which functioned as a simple gas washing-
bottle. There are no records in the chemical literature
of experiments ocarried out under condltions identieal
with these, altho there are accounts of research conducted
uﬁder cenditions somewhat similer. 4 few earlior investi-
gators, Paiigot: Gottlieb;aand Carroll:'vaporized the
liquid compounds used before permitting them to come into
contact with the alkalles, but Peligot was the only one,
as far as it was possible to aseertain, who provided for

complete interaction by bubbling the vapors of the carbon
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compound thru the fused alltalies rather than merely
passing them over the surface. & varlety of alkalies

> has beon employed in previw s experiments of this type,

but theore is no record of the use of a mixture of anhydrous
sodium and potassium hydroxides, which Is well adapted to
such reactlons because of its relatively low melting polnt
and freedom from water {impurity). The method used in the
present investigation is described in greater detail in

the exmerimental sectlon of this paper,.

4 study of the reactions of carbon compounds with
alkalies led to e new interpretation of the mechanism
involved., It is assumed that sodlum hydroxide and
potassium hydroxzide are amphoteric in character, undersolng
basic disseciation in aqueous medium {NaOH =2 Na+ + QH),
and seidic dissociaticn in the fused state
{}I0Ng =2 H o+ Clia" ). The negative oxysodlum and gxye
potassium groups, provided by the acldic dissoclation of
the fused allkall hydroxides, replace the negative hydrogen
atoms of the carbon compound and convert the latter to one
of 1ts oxidation preducts. The negative hydrogen aﬁoms
from tho organic compo&ga combine with the positive hydrogen
atoms supplied by the alkali and are liberated as gag. The
reactions occurring are assumed to b8 of a general type,

ZH(H)m + n HHNa — R(Ol\!a)n T 11'2’
in which R is a more or less complex radical containing

carbone
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HISTORICAL

/. .
In 1840, Dumas and Stas, in connection with a

serles of experiments used as evidence for the validlbty

of the older type theory, heated a number of organic

compounds with potash lime in glass tubes, and, in each

case, asceriained the vroducts of the reactions by

qualitative analysis.

may bve tabulated as follows:

Suybstence

llethyl alcohol

Potagssium formate

+ Oxalate
Cetyl Alcchol
Fused 0il
Glycexin
Lestone Vapors
Agetaldehyde

Oxalic estex

Ethyl Acetate

Benzoic ester

Ethyl Iodide

Eghyl Chloride

The results of the investigation

Alkald Gas Products in
Used Tempe Time Products Regldue
Potash lime - - hydrogen Formate +
Oxaloate
Potash lime - - hydrogen Carbonete
Potash lime 210°~20° 5-6hr hydrogen FPalmitate
Potash lime 170% up = hydrogen Valerate
& hydro-
carbon
Potash lime - - hydrogen Acetate +
Formate
Potash lime - - hydregen Carbonate -
tmethane traces of
carbon
Potash lime - - hydrogen Acetate
Potash lime - - hydrogen Acebtate +
Garvonate
Potash lime - - hydrogen Acetate
Potash iime - « hydrogen Benzoate +
Agetate
Potash lime o - ethylene Iodide +
~iater
Potash lime - o ethylene Chlorids +

Wiater
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Substance Alkall Gas Products in
Used Temp . Time Products Residue
Ordinary sether Potash lime o= - hydrogen Carbonate
‘methane
Methyl Acetate Potash lime - w hydrogen Acetate +
Formate
{Mathyl Chloride Potash lime e - hydrogen Formate
Potasgium formate Fotash lime - - Iydrogen Carbonate
../”.‘ o
lMethyl &ther Potash lime - - hydrogen Formate
Potassium formate Fotash lime - - hydrogen Carbonate
Ethyl Aloohol Hydrated - - hydrogen Acetats
potash
Ethyl Alcohol Anhydrous hydrogen Acetate
baryta - - + ethylene
+ ¢trace of
carbon
monoxide
Barium Acetate Anhydrous
baryta - - Methane  Carbonate

In each reaction, the organic compound was converted,
with the liberation of gaseous products, to the salt of the
corresponding acid. ‘‘herever brackets are used, they
indicate that the residues obtained from heating the
compound f£irst mentioned wer~ subjected to further heating
and oxidized to carbonate: l.e., methyl alcchol hested
with potash lime yielded, as residual products, formate and
oxalate, which, in the presence of excess alkall and more
heat;, were converted to carbonate, with the esvelution of
nore gase @ latter experiment verified ths work of
Peligot?llséo},who had previously reported the decomposi-

tion of potassium formate with exeess alkasll to glve

\
)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



«10w
hydrogen and§oxa1ate, as an intermediate vroduct, and
finally hydrogen and carhbonate.

In the discussion of these reactions, Dumas snd
Stas”ﬁaintained, in common with their contemporaries, that
organic compounds under the influence of alkalies take
over the oxygen from the water which is present and sre
oxldized with the liberation of hydrogen which comes
Jointly from the water and the carbon compound.

Pelouze and Millon, engoged in similor research
in 1840, studied the varying sffects of anhydrous and
hydrated baryta on organic compounds heated to high
temperatures, and concluded that{ the mechanism of such
reactions must be interpreted zs involving the slements
of water. The results of their work may be tabulated as

follows

Gaseous Products in

Substance A1kall Used Produces Residue

1, Abaolube alcohol Anhydrous baryta  Hethane Barium
Carbonate

2, Nethane from (1) Hydrated bervta Hydrogen -

3. Formie acid Anhydrous baryta  Hydrogen  Barium
Carbonate

4, Anhydrous oxalates Anhydvous baryta  Carbon -

Honoxide

5. Anhydrous oxalates Hydrated baryte Hydrogen -

6s Cerbon Honoxids Hydrated baryta Hydropen -

7o Carbomn Hydrated baryta Hydrogen -
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Prom the data obtained, the investigators formilated

the following generalization: "Anhydrous baryta brings

out of organic substances all the carbonic acid their
composition permits them to furnish; hydrated baryta

carries destruction further and tends to burn or csuteorize
all the carbon, while the hydrogen which is provided by

the substance uniﬁes with that produced by the decomposition
of water and is liberated,”

The artiocles by Millon and Pelouzefklséol give
reference to a text, entitled: "Introduetion to the Study
of Holecular Chemistry," wherein the author, Persoz,
states that "all organic matters are decomposed with o
great excoss of hydrate of potash to give hydrogen."

In connection with thls observation, as well as in oprosi=-
tion to Dumas® Substitution Theory, Persoz studied the
reaction of hydrate of potash and acetone. Fused
potassium hydroxide, contained in the curved portion of a
U=tube, was submitted to the action of s stream of scetone
vapor which entered at one side of the tube. The obher
opening of the tube was connected wlth vessels sultable

t6 collooct liquid end gaseous products. Ho distillate
was collected when the acstone vapoé was conducted slowvly
thru the alkall, but rapid passage caused large quantities
of acetone to distill over unchanged. Potassium carbonete
and mothane, contaminated with a trace of carbon diloxide,

resulted ag end-products. Persoz assumed, in agreenment
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with Dumasf'thaﬁ the first stage of the reaction
consisted in the formation of sostate, tut to the second
stage he attributed a more complex interpretation. He
did not regard the formation of marsh ges as & simple
reaction between acetate and alkall, bubt rather as an

| gaotion of heat on acetic acid to yleld acstone, whieh,
in the presence of base, subsequently loses two volumes
of carbon monoxide and assimilates two volumes of
hydrogen, provided by one equivalent of decomposed watere
Persez summarized his conclusions in the following statee
ment: UAn organic substance contalning carbon monoxide
1g able,in favorable ciréumstanoes, in the presencs of
watér, to lose two or fowr volumes of earbon monoxide
which are always replaced by corresponding voluwes of
hydrogen, vrovided by the dscomposed water, and the oxygen
of the water transforms the carbon monocxide into earﬁonic
acid, which is freed or remains in combination."”

The reaction of acetone and fused alkallies was
investigated by Gottliebmflaéé) in his rescarches on the
behavior of sugar in the presence of molten potassium
hydroxide. Gottlieb assumed that cane sugar treated with
caustic potash at high temperatures decomposes first into
carbonic acid, acetone, =nd metacetons (an oil consisting
chiefly of propionaldshyde, dimethylfurfurans, and liqﬁid
hydrocerbons). By further heanting with the alkalies, the

motacetone 1s converted, to a small extent, Into propieonic
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acid, while the acetone is simultaneously converted to
formic and acaetic acids, both of which are further
partially oxidized to oxalic acid. In order to prove
that the final products obtalned resulted from the dscome
position of the metacetone nnd acetons intermediately
formed, Gottlieb carried out several subsidiary experiments.
He added metacetone, drop by drop, te fused potassium
hydroxide, and was éble to vrove the presence of small
quantities of propionate in the residue, altho much
metagcstone distilled over unchanged. He conducted the
vapors of acetone over fused caustic potash and obteained,
as he had expected, a residue consisting of a mixture of
potassium formate end acetate. It 1s probable that
Gottlied wo&ked at temperatures low enough to prevent the
‘decomposition of formate and acetate to give carhanate,
whieh Dumas haﬂ reported as the sole product in the
residue obtalned wheh agetone and fused caustic interact.
Dum&s'mexperiments on the lnteraction of organic
compounds with potash lime at high temperatures were
largely responsible for the Interest aroused in that type
of rossarch smong other chemists of the same period.
Redtenbacherwllsés) reinvestigated the interaction of
glycerine with alkali, in the hope of isolating the
hypothetical glycerinic acld {dihydroxy propionic acid)
which Dumas and Stas had been unable to obtain, altho

-

they believed that 1ts formation ought to vrecede thatb
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of the finel products = {ormic and acetic acids.
Eedtenbacher heated glycerine with solid potassium
hydroxide until the mass becams white, but did not
glow. Mg failed to record the temperature of the
experiment, but 1t was probably not over 200°C. The
residue, distilled with sulphuric acid, yielded &
mizture of formie snd acetic acids with some sorylic
ncid. Hedbtenbacher assumed that the glycerine is
converted suceessively into aerolein and acryllc acid.
The sorylic acid decomposes Lo zive formle and acetic
acids., No trace of a glycerinic acid could be found.

Same years later, Herterb?lsvs) heated glycerine
with potassium hydroxide until the mass fused. He
reported that the reaction was accompanied by an evolu~
tion of hydrogen, snd that the vesidue contained the
salts of formic, acetic, butyric, and inactive lactlc
aclids, In agreement with Redtenbacherfﬂﬁerter attrivuted
the source of the acetic =ud formlc aclds to the decomposi-
tion of the intermediately formed acrylic acld. lHe
aceounted for the presence of the lactic acid by the equa-
tion:

CEHQO:_3 + KOH — GSHSKCB % 1:720 “+ Hg
The formation of the butyric acld was undoubtedly
sgcondary, since Hoppe Seylerlgad identified it among
the products obtained when lectic acid is heated with

caustic alkall,
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Bglahoubek'?1879~80) heatod equimolar weights of
caustig soda and glycerine at high temperatures, and
obtained & distllilate containing nine per cent of the
theoretlcel yleld of propylene glycol.

Fernbachl?leeo) repeated Beldhonbek'é experiments
and reported an elght to ten per cent yisld of propylene
glycol., In addition, he analyzed the remainder of the
distillate and identified methyl alcohol, ethyl alcohol,
isopropyl alcoho;, propyl aleochol, ond liquid olefines
therein.

The action of soda on glycerine at high btemperatures
to give provylone glycol mixed with aleohols was investi-
goted by Raisonnierlklegﬁ), who ldentified allyl alcohol
in the distillate as well as the products which Fernbach
had reported,

,Buisinez(lQOS) studied the reactions of glycerine
with excess caustic potash in greab detall; for the purpose
of establishing a rapid and sensitive method for the
quantitative dstermination of small amounts of glycerine.
By a ecareful Investigetion of the products of the reactlon
8% various temperatures, he confirmed the following four
equations:

1, CgligOy + 2XKO0H — CHgCOOK + HOOOK + Hy0 + 2H,  220°-250°

S

3] “ O b T - .0 2 T & O- [+]

Le 0"3}1803 + 4X0H — .?CE%COOE& 1;_2(;204 ‘2‘.1120 5332 250 =280
¢ Lo cOT ON0E e + OF + BF o o <

Se 2‘33}1805 F KO0 — c:CJH,S(JOOA + 2&\2063 2‘*120 - B 12 280 =320
N - s @7 . - e [+] [»]

Lo CSHSOS + AKOH "—‘)BKzCOs + By ! Cﬂﬁ b '712{) 320%=330
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The equations show that, under the caonditions of ths
experiment, potassium formate is stable below 250°, butk
decomposes above that temperature Lo give potassium
oxalate and hydrogen (2HCOOK — K50p0y + Hg). Above
280°, potassium oxalate is converted to carbonate and
hydrogen (K;Co0, + 2KOH — 2K,C05 + Hy). 4Above 320°,
potasaium acetate is oxlidized in the presence of alkall
to carbonate and methane (CHgCOOK + KOH — K5COy + CHy).
Buisine found that experiments which conform te the
conditionas prescribed by equations 5 or é-are pest for
the quantitative determination of glyeerine. 0.2 to 1
gram sanmples of glycerins introduced inte a flask with
exeoss powdered potassium hydroxide and potash lime,
and heated in a mercury bath at either 320° or 350° for
one howr give nearly theoretical quantitles of gas required
by equation 3 or.equation 4, depending on the temperature
used. Bulsine establiShéd the stpichiometrical ratios
between the welghis of glycerine and the volumes of gas
with quantitative data, but made no attempdt to asceriain
thé apmounts of formate, oxalate, ncebtabe, or carbonate
present at the different temperaturos.

Nefizlgoé) reported that approximately equimolecular
quantities of glycerine {509 grames) snd pulveridzed scdiun

Qo o

hydroxide {137) grams), heated to 270°-280° from zix to
eight hours, ylelded 110 c.c. distillate, consisting
primarily of methyl alcohol send small quantities of propyl

and allyl alcohol, ond 346 grams of residue. 310 grama of
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the residus were soluble in alcohol and consisted of
propylene slycol , r-lactic acid (82.32 groms), traces
of glycerine, and 6,5 grams of proplonic acid. The
galts insoluble in alcohol (36 grams) proved to be those
of carbonic and oxalic acids., Hydrogen wes probably
evolved during the reactlon, ut no record of 1ts
quantity was made., It should be noted that in this
exveriment, as well as in those conducted by Belohoubek;L
Fernbach;fand Raisonnier;mthe teuwperature at which the
reaction was ¢arrisd out was too low and the amount of
sodiwm hydroxide present was insufficiont to permlt of the
completes oxidation of the glycerine to carbonate, as
represented by the equation:

03H5(0H)3 + glalOH —'—)VHZ + 3NagClsz

Nef found that 20 grams of glycerine, heated at
270-325° for three hours, with 60 grams of pulverized
pobash lime {not quite an excess) produced, with the
intermediaste formaticn of formic, oxallc, and r-lactic
aclds, vredominantly carbonic and propionic acids and
liverated 12 liters of hydrogen. Only %traces of tho salits
of formic, oxalic, and scetic acld were foumd in the
residue. This experiment contradicts the similar work of
Bulsine who, as was noted, found acetate and carbonate
only in the residue obtained from the interactlon of

alkali and glycerine at 280«320°.
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ﬁefLélsn investigated the action of alkelies on
ethylene glycel, but, before summarizing his resulis,
the previous work of ﬁuﬁtz mist bo menticned.

In 1859, \.‘.-'urtzl'found that on heating a mixture
of glycol {5 grams) and potassium hydroxide (8 grams)
on an oll-bath to 250°, hydrogen was evolved (4325 c.c.
at 19° end 768 mm,.), and the residue consisted of
potassium oxalate together with small amounis of carbonate
and glycollate, the quantities of which were not recorded.
If the reaction procesdsd in acoordance with the equation:

0211602' + SEOH —3K0a0, + 4Hp,

as ‘iartz suggested, the yield of hydrogen he obtained was
only about 63% of the theory (as calcoulated from the
alkali which was not in excess.) |

Nef6(1904) heated equimolar quantitles of othylene
glycol {60 grams) and pulverized sodium hydroxide (38,7
grams) for two and one=half hours at 230-284° and obtained
25 liters of hydrogen, and 17.5 grems of distillate which
contained small amounts of ethyl and methyl alcohols. The
gsalt residus, on analysls, gave 17.4 grams of di-~ and some
tri-ethylene zlyecsl, glycollic acid (14 grams obtained as
the calcium salt), =nd small quantities of formic, acetic,
oxallc, and carbonic scids. Ethylone glycol, treated
with sexcess potash 1lime at 250°, formed carbonate only
with tho liberation of hydrogen, bubt no record of the

yields was noted.
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The influence of the researches of Dumes and
Stas”évteﬂded into the siudy of waxes& XR qg»«f keweyem
and Gerharét indeﬂendently nunlishpﬁ maccunms nf an
investigation of the composition %ﬁ@ Whh. iﬂ rhich
they had utllized the reaction of alkalies ﬁi%ﬁ organic
conpounds to liberate hydrogen. Lewey noted thai a
mixture of cerine {stearic aldehyde) with potash-lime,
heated in a metal-bath at 220=230°, vielded hydrogen

and potassiwm stoearate; that china wax and potash-line
gave the potassium salt of singsique acid and hydrogens
and that cerosin gave the pobtassium salt of cerosic acid
and hydrogen. Gerhardt verified thess results and
suggested the interactlion of potash-lime with acids, such
as pimellc, suberic, adipic, azelasic, and scbasic acids,
to give hydrogen and other products as an interesting
problanm for investigation. Hs verformed sone experiments
himself on the fusion of vimelic acid with the potassium
hydroexide, and obtained hydrogen and a mixture of the
salts of oxalle and valerilc aclds, sccording to the

squationse

R 22.
Reference to Gerhardi's work on wexes is gilven in Lbwig’s

text on the "Chemistry of Organic Comwounds {(1846).
I8vig recoxrds other information on the reaciions of
orzani¢ compounds with eglkalies at high temperatures. iHe

states that verious aldehydes, such as sallicylic, cinnanmie,
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coumaryliec, axd benzaldehyde are converted, by treatment
with molten pvotassium hydroxide, to the corresponding
acid, with the liberation of hydrogen. In addition ,
Iiwig includes in his text, the resulss obtained by
Dumas and Stas and other investigators of the time on
the behawvior of organic substances wlth fused potesh,
snd agrees with them in their interpretation of the
mechanism of the reaction, aas involving the elements of
water,

The study of the chemical nature of wazes was
continued by B. C. Brodie {1848). Brodie comverted
coryl alcohol to cerotic acid and hydrogen, by fusing
1% with potash-lime, Nyricyl alcohol, similarly treated,
yielded melissic acid and hydrogen.

The investigations of Lewey:AGerhardthand Brodie *
led to the later work of Carl H611311884), which is
more significant because of its quantitative nagure.

Hell promosed to determine the molecular weights of the
higher alcohols by mensuring the quantity of hydrogen
evolved 4n conformity with the equation:

R.CHZ,O}I 4+ HNgOH -— R.GOZNa + 2.&2,

He heatoed .5 to 1 gram samvles of myrieyl alcohol
(Gsoﬁal.OH) mixed with soda lime in hard glass tubss.

The evolubion of hydrogen begen at 270° and ended at 220°.
The sas was colle eted in a oudlometer over mercury, bub
even this precsution failed to bring the yield of hydrogen

over 85%. Hell did not determine the quantlty of fatty
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acid formed to confirm the ratio, R.COH : 2Hp, in

the general egquation, nor did he extend his guantitative
study to the lower alcohols, which yield volatile hydro-
carbons, due o secondary decompositions that are
difficult to »revent, and influecnce the total quantity
of evolved gases. The higher alcohols may underge these
secondary decompositions also, bhut they yleld solid
hydrocarbons which do not interfere by entering the gas
mixture. Since Hell was unable to obtain nmore than a
90% yleld of hydrogen, his method was not sa satisfactory
in accurately determining molecular welghts. The
measurement of the hydrogen evolved in the presence of
fused votassium hydroxide can be used, however, in dils-
tinguishing alcohols from aldehydes, snd monohydric from
dihydric alcohols.

Investigations, also in 1884, on the chemical
constituents of Carniubawax were conducted by Stﬁrcke:“
in the manner suggested in Hell’sjfesearches. The non=
acid and acid constituenis obitained, after saponifying
the wax in boiling alecohollc soda, were analyzed by
Stlireke, and the components were identified by an
examination of their reactions with soda lime, Ceryl
and myricyl alcechols, together with an alcohol, 825H5202,
of wnlnowm structure, were found in the non-acid consti-
tuents. Ceryl alcohol, heated with soda, was converted
to sodium cerotate and hydrogen, in conformity wilth the

equation:
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CZ?HSS OH -+ HalH — GZ 63550 O0lla + 2%

Hyrieyl alcohiol, heated at 270«300° with soda-lime,
vielded sodium mellisate and hydrogen, together with
small quentlties of carbonate and nonakosane:
Czolg1s08 + NaOH —) CpgHggCOONa + 2Hp
CpgHggeCOONa + NaOH —3 CggHgy + NagCOg
Treatment of the compound, 025H52°3 s with soda-lime et
250=260° resulted in the formation of a dibasic acid,
and the concomitant liberation of hydfiogen. Experimental
data couvinced Stlireke that he was dealing with a diatomic
alcohol which reacted according to the equation:
CozHag(CHp0H)y + 2HaOH —) Cpglyg(COOHa)y + 4Hp
Among the acid constituents obtained from the wax, Stlireks
isolated the substance 02134002, which he heated with sods
lime for the purpose of determining its structure, Fronm
zhe guantity of hydrogen evolved and the nature of the
residual product, Sturcke concluded that the compound was
an ester anhydride of an hydroxy acid which reacted in

conformity with the equabtion:

<
Ho - C‘:‘Hz Het O . _ COdNa
C O + RNaOH — C + 2
1978 S g 19%38N 400t B
0

FPurther analyses and identifications of products
. . 2s
derived from various waxes were carried on by Schwald

(1887}, who also used the method of measuring the hydrogen
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evolved vhen organic compounds interact as shown by
the equation:

R.CHQOH + NaQH — H.CO0Na -+ Eﬁg

The reactions so far considered have, in most
cases, been concerned with members of those classes
of substances used by Dumas and Stas”in their originsl
researches in this field., With the oxception of the

3.
already noted, little inves-

work of Pelouze and Hillon:
tigation had been made of she interaction of carbon
monoxide and alkalies befors 1855, In that year,
Berthelotu%egan a series of experiments on the absorption
of carbon nonoxide by potash-lime, soda-lime, causitie
baryta, end lime. Uany of these were conducted at ordinary
temperatures in the presence of small amounts of organie
naterlials, Others were carried out at 100«220°, and, in
all cases, formate was the final producte Berthelot
observed that the speed of absorption rose with the
temperature and quantity of alkali used. The proseace of
moderate quantitles of water, methyl aleohol, ethyl
alcohol, and ether also served to increase the velocity
of absorption.

Erlenmeyer and Gﬁtschowaﬁlssa} noted that sodium
formate, obtained from the action of sodium hydroxide on

carbon nmonoxide, gave hydrogen and carbonate, but no

oxalate when further heated with excess sodium hydroxide.
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The investigetors probably carried out thelr experiments
at temperatures at which oxalate is unstable and decon=
poses to givebcarbonate.

~Some years later, Merz and Pybirdce (16877-1880)
studied the reaction of carbon monoxide and fused
eaustic. They reported that a streem of carben monoxlde,
led over soda-lime at a temperature of 200-220°, gave
rapld formic acid formation, provided the carbon monoxide
was moist. Above the temperature 220°, the formic acid
was decomposed to glve carbonate, smalli amounts of oxalate,
and hydrogen. ith caustic potash or potash-lime, this
secondary decomposition took place more readily and below
220°. The investigntors noted that the physical nature
of the sode-lime and potashelime has a strong influence
on the binding of the carbon monoxide, snd the degree of
moisture and porosity plays a big role. Dry carbon
nonoxide was but slightly absorbed by dehydrated alkalies
in comparison to the rapid absorption of the molst gas.
The potash-lime rescted with carbon monoxide at a lower
temperature (120°) than did the sodaniime (150°)., Tne
subgtitution, in fhe experiments, of caustic soda and
votash free from lime had no influence on the initial
temperature of the absorption, but caused the decomposition
of formate to occur at a lower hemperature., HMNerz and

Pebirica described in detsil the conditions under vhich
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they conducted their work. They recorded soms quanii-
tative data as support for thelr concluslons,..

In conneotion with the study of s "New Synthesis
of Carbon Acids," A. Geusther with 0., Frblich and A..Loossgt
(1880) found that finely-pulverized, snhydrous acdium
hydroxide, heated in carbon monoxide at 160°, pave =
large yleld of formate and a small cuantity of the salt
of anothey acid richer in carbon, rrobably acetic acid.
Geuther and his assistants postulated the following
eguations to show the formation of the acetic acids

500 + 4NaOH  —  2Nay,G0g + B0 + CH,

GO0 + NaOH + CHy — NaCgHzOp

2 400 + B5NaOH — 2HagC0z; + Hp0 + NeCoHglo
Merz and ".»"u’eith“( 13880) noted that carbon monoxide
was absorbsd by soda-lime at 200=220° to give sodium
formate, and that molist carbon monoxide,passed over soda-
lime at 300°, yielded sodium carbonate and hydrogen.
They also prepared hydrogen by treating carbon monoxide
with sleked lime at high tomperaswres. Calelum carbonate
remained as the product in the residuce
A gtudy of the carbon e¢ell by Haber and Brunorao‘
{1904) led to further investigation of the action of fused
sodium hydroxide on carbon monoxides Thelr findings may
be tabulated as follows:
1. Ypod charcoasl or gresphlite disselves in

bolling, concentrated, caustlic sodium hydroxide with the
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liberation of hydrogen.
2+ Carbon is attacked by fused sodium
hydroxide at 500° to give & rapid evolution of hydrogen.
3e OCarbon monoxide reacts with fused sodium
hydroxide at 350°, as shovm by the equation:
2NaOH + CO0 — Nagﬂos + Bé
4, Spdium formate and sodium hydroxide,
when fused tegether, give pure hydrogen. The reaetion
begins at 205° and is quite complete at 350°:
NaCOOH + NaOH —» H, + NayCO,
Any cxalate formed intermediately, decomposes in the
presence of the alkall at 270-280°, evolving pure
hydrogen and forming carbonate oniy:
Nap,Cp0y + 2NaOH —> 2NanC0s + Hy .. .,
Following the example of Merz and Weith, Vignon
(1911) conducted carbon monoxide over 1lime {Ca0.Ca(CH)y)
at high temperatures. No sensible modificatlon of the
lime occurred below 350°. At 400°, the gasecus produats
consisted of a large proportion of hydrocarbons mixzed
with hydrogen., Abvove 400°, the »roportion of hydroecarbons
became less, and the velume of hydrogen incressed. Ab
600° the gas collected was almost pure hydrogen. The
equations occurring are the following:
200 + Ga(OH)2 — (IICOQ]gca — 0204_,0a 4 HZ
2(HC00),C0a + 0a0 —> B30aGly + CHy
4(HC00)pCa + 20a0 — 6CaCly + CgH, + 2Hp
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Experiments consisting of heating calcilum formate or
ozalate alone end mixed with lime have confirmed this
explonation of the origin of the hydrocarbons. Vignon
showed that carbon monoxide may be converted to hydrogen
and hydrocarbons to the extent of 99.5% by passage over
hot lime several times, and he suggested that this might
be a good way of freeing 1lluminabting gas from this toxic
constituent,

“ith reference to the action of carbon monoxide
on lime or on sodlum hydroxide or scda~lime, either dry
or in the nresence of wabter vapor, the results obtained
by Lewri and_Pivéullglﬁ) rointed to the conclusions:

1, V3ith pure lime, carbon monoxide gives
formate at 250«300°, and carbonate and hydrogen above
300°., The formation takes‘place moderately slewly and
to a2 much less extent than with sodium hydroxide. At
500=600°, the formation of hydrogen is almost quantitative,
vrovided always that the elements of water are present,

s Tne addition of sodium hydroxide to the lime
facilitates the formation of formete, rendering it nossible
even at 150«200°, and lowsers the semperature at vwhich
hydrogen is formed, the veaction proceeding in this
direection to the extent of 50¥ at 300°. The presence of
the tweg bases together increases the yield of hydrogen.

Heferenes must also be made to the work of GianeliJL

{1916), who prepared hydrogen from formates end from
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carbon monoxide,

After a shudy of the action of carbon monoxide
on sodium hydroxzide at high temperatures, Bain and
TyrrellJ?1917) showed that no oxalate (or only traces)
is Pormed ot temperatures between 355a490°,

In 1918, Boswell and Dickson bublished an article
on the interaction of organie and inorganic compounds
with fused alksli. The investigators found that at 410«
430°, carbon monoxide in contact with fused sodium
hydrozxide is oxidized to carbon dloxlide, an equivalent
anmount of hydrogen belng produced at the same time,
Sedium formate, fused with caustic soda at 275°, is

xidized almost quantitatively to carbonate, with the
liberation of an equivalent amount of hydrogen. Sodiun
oxalate is similar»ly oxidized at 290°. Boswell and
Dickson elaim that 1t is the water present in the fusion,
cetalyzed by the sodium hydroxide, which 1s the effective
oxidizing agent.

Boswell and Dickson extended the application of the
fusion reactions to the vhemnols and sulvhonic agids.
Among other experiments, thse investigators heated .5 gram
of »asoreinol with 2 grams of sodiwm hydroxide for forty=
five minutes ab 350°, and obtained only .4 c.c. of hydrogen
and .1 Ce.Ce OF methéne. They concluded that‘%esorcinolﬁb'
dogs not take part in this goneral reactlion and does not

cive off hydrogen until it has first absorbed atmospneric
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oxygen, and has thus presumably heen oxidized to some
compound wihlch does take part in the general rcaction.”
The mothods of treating alcohols with fused

alkalies, ag insugurated by Hell, were used by Nef 31901)
in applying his dissoclation theory to thie monatomic
alcohols, and theilr metallic derivatives. In a number

of isolated experiments on Xmown quantities of such
substanees as iscamyl alcohol, tertiary amyl alcohol,
sodium isoamylate, sodium salt of tertiary amyl alcohol,
sodium isobutylate, etc., with Jnom quantities of potas
lime or soda-iiume at different temperatwres, ranging
between 170«450°, Nof obtained definite amounts of
hydrogen, and salts of the corresponding acids. In some
cases, when the higher temperatures were used, the
vroducts were mixed with methane and carbonaite. He ives
quantitative data, and his results in generzl subssantiate
the equation:

RCOH

-

o}

N.0H =3 R.COOM + Hy, although some
scecondary asctions may occcur. Hef did not find any

olefines in his gas mixbtures, nor 4id he note the presence
of hiydrocarbons othser than mothane although the salss of
sone of the acids obbainsd misht be axpected to yvield
higher hydrocarbons ou decomvosibion with sodium hydroxide.
The methane formation, in each case, occurs, according to
Nef, as the result of the union of GHQ particles with E

particles formed intermediatelye.
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The behavior of ethyl alcohol at 250° with
excess caustic potassium hydroxide te sive hydrogen
and nobtassium acetate quantitatively is explained, by

Neffﬁas occurring through alkylidene dissociation:

R
caScH\OK + BEO-H — CHGH= + 5KO-H — GHgCH(0K),
CHz | CHz | |

+ 9H + EOH — C= + OHe0K + H. — G (OK)
K0 ¥ : 2 Ko 7 2

+ 2H + Hy, — CH, C(0K)3 + 2Hp

Nef does not record the presence of any ethylene in the
reaction vroductse

B, H. Carroll (1918) carried out e quantitative
investigation of the action of the vapors of absoluse
ethyl 2lcohol emd of acoteldehyde on soda-lime., Carroll
states that soda-lime was used instead of sodium hydroxide,
which 1s 1liquid at high temperatures and diffieult to
handle, In the experiments with alcohel, ths two
reactions:

(1) CHsCH,O0H + NaOH — CHgCOplia + gHp

{2) CHZGOONe + NaOH — NayCO, + CH,
occur ot 250°, but the veloclty of reaction {2) is not
enough %o decompose the acetate as fast as it is formed,
unsil the temperature reaches 450°., Carrollls data on
hydrogen, methans, and acetaﬁe determinations substan=-
tiate equations (1) and {2) to a limited extent, but,

in no instances, did he indicate the quantity of
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carbonate formed, which is equally as important as

the acetate. Abvout 10% of the alcohol takes nlace in

side reactions giving aldehyde tars, ethylense, methane,
and carbon monoxide fromt he decomposition of the
intermediately formed acetaldehyde. Some alcohol dlstilils
over unchangeds According to Carroll, sn increase in the
rate of feed cuts down the per cent of alcohol decomrosed,
while too great a decrease in the rate of feed Seems to
make secondary reactions more importénto

Carroll states that the conversion of alcohol to
acetate, in the %resence of sodaw-lime, takes place in
three stages. The first stage consists of the dissociastion
of alcohol to aldehyde snd hydrogen, in the presence of
caustic soda as catalytic agent:

(1) CHscﬂEOH + NaOH — CHsGHO + NaOH + H2
Aldehyde 1s found in the liquild products, if sodium
hydroxide is ®ged, while, if soda-lime is used, aldehyde
tar is formed.

_ The sccond stage consists of ¢he decomposition of
acetaldehyde to zive ketene and hydrogen, in the presence
of sodium hydroxide as catalytic agent:

(2) CHzCHO + NWaOH —2 CH,C0 + NaOH + Hy
Carroll did not prove the intermediate formation of keiene,
rut he belisved that it would be the normal product in

such a casg of dehydrogenatione.
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The third stage in the reaction is the combi-
nation of ketene with caustic soda to form sodium
acetate:

{(3) CH2C0 + NaQH — CHECOORS.

Hxperiments with acetaldchyde and sedium
hydroxide showed that the reactioh begins at 300° end
is guantitative at about 450°. The equations are:

CH3CHO + NgOH — CH260 + NaOH*—HZ

CHQCO + NaQOH — CHSCOQNa

GHscogl‘Ia + NaGH -——)II32003 + CH4
A8 in the case of the alcohol reaction, no quantitative
data on carbonate determinations were recorded.

ﬁeitkamﬁ”klszsl carried out a number of experiments
on the fusion of organic compounds with alkaiies., She
found that it was not possible to olter henzene by .
vassing it thru fused sodium and potassium hydroxides,
orobably because of the difficulty of replacing the
initial hydrogen atom of the carbon in the nucleus, nor
would ethylene undergo any reactlon in the preéence of
the alkalies. ‘:eitkamp noted that acetylene passed thru
fused alkalies gave hydrogen and a residue consisting
not of acetate, as Feuchteéﬁﬁad claimed, but of carbonate.
The reactions ogccurring were:

Ba(=C=H + LlatH -— CPZSCH(ONa) {Feuchter)

CHzOH{OHa)y + HGa — CHgG(ONa)y + I,
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Hethyl alcohol also interacted wwith sodium and
potassium hydroxides at high temperatures and gave
hydrogen, carbon monoxide and carbonate, presumably
in agrecment with the equation:

Qﬂﬁéoﬁ. + 2NaOH — Hagccs + GO + Sﬂg
In each of ths cases mentioned, the mechanism of the
reactions follows that of a general type reaction:

R(H), + n(HOM) — R(0®), + = H
{vhere ¥ = Na or K), and from all indications the alkali
hydroxides act amphoterically, ionizing both as hases
and as acids.

) 39.

In 1924, Fry, Schulze, and Veitkamp reporited that
experiments with formaldehyde and methyl alcohol and
fused; dehydrated, caustic sodium hydroxide and potassium
hydroxide in equimolar mixtures, carried out on a quantie
tative basis, as fully as the type of avparatus would
permit, confirmed the two following reactions:

HCOH  + >2Ha0H E§92:§920 Na2005 .y Eﬂg

300°=325°
CHgOH + BNaOH "3 1NayC05 + Bl

which are in agreement with the general type reaction
proposed:

R(H), + =n HONa — R(ONa), + n Hy
Experiments with acetylene led to the conclusion that
carbonate, not acetate, results as the final oxidation

wroduct, when the unsatuwrated gas interacts with fused
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sodium end pobassium hydroxides, aond that the gases
nroduced consist of a mixture of methane and hydrogen.
The reaction which probably occurs ls:

CoHy +  4NaOH 339::?—%—)50 C{ONa)y, + Hp + CHg

In sddition, Pry and Schulzem( 1924) found that
experiments with ethyl alcochol and fused, dehydrated
cauetie olizalies at 300«325° yielded hydrogen, methanse,
and earbonate in cuantities thalt appmrently substan-
tiated “he equation: *

C2}150H + 2NaOH — l\la2003 + CH‘; 2 H2
Seme ethylene was found in the gas mixtures as a result
of the decomposition:

CoHgOH — CgHg + HpO

The smphoteric and oxidizing properties of sodium
hydroxige are well illustrafied in these reactions by the
substitution of oxysodium groups for hydrogen atoms in

the compound, and by the formation of carbonate in each

Casce
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THEQRETICAL

In the majority of the cases cited in the
historieal develorment of alkall fusions with organic
compounds at high temperastures, the mechanism of the
reagtions may be shown to conform to the rrovosed type
equation:

R(th + n H(0M) — R(OM)I3 +ton H2
(where M = Na or K}, Frem all indications, the alkali
nydroxides act smphoterically, lonizing both as bases
(Waom = ﬁ; + OH) and as scids (HONa — § + Ola).
Just as acids in the concentrated state have been known
to dilssociate basically,w'

(M0, &= N%B + OH)

(Hy804 2 33'; + 2 OH)

S0, in the fused state, the concentrated alkall hydroxides
undergo acidic dissociation especially, and function ag
oxidlzing agents according to the proposed type resction
noted. The hydrogen atoms of the carbon compounds at

high temperasures are very likely negative, since they

are replaced by negative oxysodium or oxypotassium groups,
with the formation of salts of a higher state of oxidation
than the original compound. The fact that Lhe electrolysis
of hydrides, such as lithium snd calcium hydride results in
the liberation of hydrogen at the anode, confirms the

assumption that hydrogen may bsar elther a negative charge
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or 2 positive charge, as originally postulated DY Fry,V%
and, according to Iewiéw"may from time to time become
volarized in one direction or the other, as a conssquence
of disturbance due to thermal motion.® The hydrolysis
of 1ithium hydride on the one hand and the interaction of
a carbon compound with sodium hydroxide on the other may
be vepresented by polar formulas as parallel reactions:

gtEe  +  HGE — 14 0R HH

R*u= + Bia-—— Rl + HE

The acid dissociation and oxidizing actlon of
sodium hydroxide with the concomitant liberation of

hydrogen is exemplified in the conversion of resorcinol

janto phloroglucinol on fusion with alkalls

ONa Olia
+ + +
ﬁ H 5 - H Ei e -
- - “*+ Ho ONQ. —3 - - - }I aIi
ONa H NaO Qlia
B H
+

T™is reaciion is of theoretical importance, since it
jliustrates the necessity of assuming not only the
amphoteric character of sodium hydroxide, but the
possibllity of negative hydrogen in earbon compounds.
Tt also illustrabes and confirms the elsctronic volar

Y.
valence formuls of benzene propcs ed by Frye.
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OBJECT OF INVISTIGATION

The object of this investigation is fourfold:
1. To bring about the reaction of
A, Ethyl alcohol
B, Acctaldehyde
Ce Acetons
. D. Resorcinol
‘B. Carbon Monoxlde
/F 'y Glyc 01
G. Grycerine
with the fused alkalies, under conditions favorable for
the complete contact of the interactants and the
collection of the resulting products. This necessitated
the develorment of =z new mode of experimentation
applicable gemnerally to each compound investigated.
2+ To carry out a quantitative analysis of the
vroducts formed, in the attempt to substantiate the
stoichiometrical ratios betweon the gas volumes aend the
weights of compounds used and formed, as required by
the equations which are proposed to account for the
course of the yezctions.
3s To study the course of the reactions at
aiffer:nt temperatures, noiting varticularly the formation
of intermediate oxidation vroducts which are predicted by
the steps involived in the application of the type
reactions,

4, To show that the resulits obtalned in these

emperiments verify quantitatively the equations proposed
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for ethyl zleohol, aceitanldehyde, acehong, resorcinol,
carbon monoxide, glycol, and glycerine, which follow

a priorl from the aprlication of the type reaction
mechanism, a2nd are evidence for its validity and value

in correlating Lmown facts and predicting new onese
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APPARATUS AWD MITHOD

The apparatus used in all experiments consisted
of an outer iron tube, 30 cm. long and 5 en. in
diameter, threaded at both ends, closed at the bottom
with a cap, and at the top with a reducing coupling
thru vhich passed, tightly serewed, a long, narrow,
inner tube, 40 cm. in length and 2.5 cm. in diameter,
extending to within .5 cm. of the bottom of the ocuter
tube. The vapors of the carbon compounds experimented
upon werc conducted, thru the inner tube, into an
equirolecular mixture of sodium hydroxide and votassium
hydroxide (previously dehydrated by fuasion at red heat
and analyzed for carbon dioxide conitent) contained 4n
the outer tube. The gases evolved passed thru an
inclined side neck, 20 cm. long and 1 em. in diameter,
fitted in the outer tube, 9 cm. below the reducing
coupling, and thence into a ILiebig condenser and safety
bottle {irmersed in a freezing mixtwre to condense any
liqueflsble wnroducts, and were colleeted over waker in
bottles of graduated capacity. The apparatus funcihionsd
as a slmple gas washing-botile, that is, the vapors of the
carbon conmpounds under investigation were bubbled thru
the fused alkalies. The lower end of the outer iron tube
was submergsl 9 cme. in a solder bath., Temperature

readinzs were supplied by a thermeoneter, immersed in the
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solder bath, unless temveratures above 350° were used,
in vhich case a Brown pyroumeter was cumployed.

Analyses of the residue Tor carbon dioxide were
mede by alkalimeter determinations. The quantities of
carbon dioxide present in the original allkalies were
nlso determined, and deducted from the total amounts
found in the resldue.

Apetate was determined by liberation as acetic
scid and titrsition with standard sodlum hydroxide
solution, as described by Scott - "Standard Hethods of
Chemical Analysis®, Volume II (1922), page 1057.

The gases were analyzed by the absorption and
explosion methods of Hempel, and ths volumes were

caleulated to standerd conditions in all data recorded.
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EXPERIMENTAL 2ART

A, Ethyi Alconol

Sthyl alcohol vapor was brought into interaction
with an equimolar mixture of fused sodium and potassium
hydroxides by abtsaching a Walter dropping-funnel, con=
taining 50 ce.c. of ethyl alcohol and equlpped with an
equalizing pressure device, bto the upper end of the
iﬁner iron tube of the apparatus previously described.
The stem of the dropping funnel; bassing thru a tightly
fitting rubber stopper, was bent sufficiently to permit
the escaping drops of alecohol to impinge upon and flow
dovn the inner wall of the hot iron tubs and thus cause
a steady flow of alcohol vanor to vass thru the fused
alkalies, which were mainﬁaihed at a temperature of
250-280°C. About 30 c.c. of distillate was collected,
most of which consisted of undecomposed aleohol. The
exact quantity of ethyl alechol sntering into the reaction
could not be determined.

The gases collected were analyzed and found %o
consist of hydrogen, methane, and othylene, the total
quantities of each of which vere determined,

The reachion residue contained acetates and
carbonates, the total amounts of which were determined as
scetic neld and carvbon dloxide respectively.

In exsending the type reaction:
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R(H}n + n H{oR) — R(Oﬂ)n + n Hé
to ethyl aleohol, the hydrogen atoms of the CHpO0H
radical would naturally be the first susceptible Lo
replacement, and the oxidation to aldehyde may be

shown to occur as follows:

CH4CHoOH + NalOH — cascﬂzoma + Hy0 {1)
CHzCH,ONa + HONa — CﬁSCH(OHa )2 + Hy {2}
CHBCH(ONa)g + Hp0 — CHzCHO + 2WaCH {3)
> 1,2, 3. CHgCHLOH —> CHsCHO + Hp (4)

Carrollﬁfeported that slight traces of aldehyde werse
noticeable in the reaction between alcohol and caustie
sodas Thne sldehyde undergoes further oxidatlion to sodium
acetate, in conformity to the type reaction:

CHzCHO + HONa — CHzCO(ONa} + Hg (s)
Reactions 4 and 5 together, indicate the oxldation of
alcohol to acetate:

S 4, 5. CHzCH;O0H + HOWa — CHzcOONa + 2Hy  (6)

The further conversicn of sodium acetate to carbo-
nate, with the liberation of methane, may ther follow,
according to the rsaction:

CHgCOONa + HONa — NagCOg + CHy (7)
Reaction 7, however, docs not cceur to any great extent,
unless the temperature.is ralsed above 250°,

The use of the tyve reaction to explain the

mechanism of the changes occurring when alcohol interacts
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with alkalies makes Carroll';aassumption of the inters
nediate formatlon of ketene unmecessary. In fact, Carroll
has stated that “the intermediate formation of ketene has
not been shown.”

Ir the type resction should also involve the
hydrogen atoms of the methyl radical of ethyl aleohol,
complete oxidatlion to carbonate =nd orthocarbonate is
quite conceivable in terms of the following reaction:

CHgCHpOH + 6NaOH — NepCO; + NapGQ, + 6H, 7 (8)
Reaction 8 will serve to explain the excessive yicld of
hydrogen formed over that required by the theory according
to equation 6.

The ethylene found in the gas mixtures was likely
due to the catalytic decomposition of ethyl clecohol at the
temperatures used:

CHCH,OH —— CoH, + HyO (9)

Since the total quantities of ethyl alechol entering
into the reaciinons were not definitely known (because of
the distillatlon of undecomposed aleohol with other
liquefiable produets), no caleulations could be made,
based on the amounts of aleohol used. Besides, reactions
6, 7, 8, and 9 are simultaneous and independent, so i%
was nob possible to obtain quantitative data completely
establishing the stoichiometrical ratios between yields

of acetate, carhonate, hydrogen, =nd ethylene. Neverthelsss,
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the data siven in Tgble I, which swumiarize the
analytical results of two runs, substantiaves in some
measure the tyve reactions noted. The per cent
“theoretical of hydrogen is based on the amount of
acetate formed according to equation 6, in terms of the
stoichiometrical ratio GHSGOQH : 232. The per cent
theoretical yicld of methane is based on the carbonate
formed in equation 7 and its ratio COy : CH4. The per
econt theoretical yield of ethylene formed according to

equation 9 could not be calculated, since no corresponding

product occurs in the residuc,

Table I
Run  CHCOpH  Hp(L. 0/760)  Hp{L. 0/760) Per cent
Fog? Found Galeulated Calculated
I 7 440 Ge16 5453 111,40
I 5e49 2.71 2.61 103.85
co, {G.) CH,(L.0/760) CH, (L.0/760) Per cent
Faund 4Found _ CHleulated Calculated
I 1.17 0,086 0.596 14,43
1T 1.37 0,030 0,699 4430
CgHy (L.0/760) |
Found
I 3237
IT 3088

Fxemination of ihe table shows that the volume of

hydrogen found, as compared with that caleulated from the
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acekbate, ig over 100% in each run. This may be dus to
the fact that the total acetnte was not lknown, since
some of it had undergons further oxidation to carbonate,
and, therefore, the hydrogen wvalue as calculated from
it would necesserily be lower than the practieal yield.
On the other hand, the occurrence of equation 8 would
also account for excessive yields of hydrogene.

The wolwies of methane obialned were mmuch smaller
than would be expected from the welghts of carbon dioxide
found., Zilther much methane was lost by solution in the
large quantities of water present during the collection
of the gases, or excess cerbon dloxide was formed as the
regult of the occuwrrence of equation 8.

The large quantities of ethylene obtained show

the extensive occcurrence of equation Q.

B. Aceotaldehyde

Since acetaldehyde probably occurs a8 an intepe
mediate product in the ozidation of sthyl alcohel by
alkalies, an investigation of its vresction with sodium
and votassium hyaroxides was undertaken in the hope of
further substantiating equations 5 and 7.

Vapors of pure aceialdehyde were bubbled thru

the egquinmolar nmixture of fused czustic alialies at three
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different temperatures. In each case the acetaldehyde
reacted completely and no distillate was collected,
fans were nade at 250°, 300°, and 350° and the reaction
products were analyzed quantitatively. The gases were
mixtures of hydrogen and methane, and the proportion of
methane %o hydrogen was higher at the higher temperatures.
The reaction residue consisted of acetate and carbonate
in the 280° run, and of carbonate alone in the 300° and
350° runs.

The course of the reachion nay be indicated in
equations § and 7, and in their sumation, ecquation 10,

ag follows:

CHzCHO + HONa — CHzCO(ONa) + H, (5)
CHzCOONa + HONa—WagCOy + OHy (7
> 5 7. CHzCHO + 2NaOH — NapCOz + Hy + CHy (10

The temperature of the experiment determined the
5
extent to which reactions 5, 7, 10 took place. The data

from three runs are summarized in Table II,
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Iz
I1I

il
III

IX
111

Iz
Il

Acebtaldelwyde:

CHCHO
(8.)

15,75
15,35
15,78
c%é??o
15,75
15.35
15,75
CHzCHO
(G.)
15,75
15,38
15475
CH,CHO
(G.)
15,75
15,35

15,75

I (250°);

=T e

Zabie II

Hy (L. 0/750)

Found
7 o4k
736
8,05

CHa (L. 0/760)

Found
0,26
7.55
Tedl

COg(G.}

Found
1.00
15,77
13,66

CHSEOEHj(G')
Ealnibising

20637

IT (300°);

Hy (L. 0/760)
Theory

8.02
7.82
8402

CBa (L. 0/750)

Theory
8402
7.82
8.02
COo(G.)
Theory
15.75
15.386
15,75

CHsCOH (Gs)

Theory
21,4

IZ1 {350°)

Per cent
Theory

02,71
94,12
100,31
Per cent
Theory

3625
96,455
92 .40

Per cent
Theory
€438
102,74
B6,.73
Per cent
Theory
95,19

L2 -7 4

In run I, acetaldehyde interacted comﬁleﬁely with

excess of caustic alksli at 250°, and geve more than 909

vields of hydrogen and acetates.

Th

erefore, the reaction

conformed, within the 1limits of experimental conditiouns,
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to the stolchiometrieal ratios required by equation 5:
CHgCHO + HONa — CHgGO{ONa) + H, (5)

Sinee very small yields of methame and corresponding

carbonates were obtained, reaction 7 took place to a

limited extent:
CHzCOONa + HONa — NagGOs + GCHy (7)
In runs II and III at 300° and 350° respectively,
the yields of hydrogen, methane, and carhbonate are
vractically itheoretical for the summatlon of reactions
5 and 73 namely, reaction 10:
| CHgCHO + PNaOR — NayCOy + Hy + CH;  (10)
The cerbon dicxide yield in run III at 550° was
somewhat low (86.73%) probably due to the difficulty

encountered in attempbting to remove all of the residue

» from the iron tube in which the reaction took Dlacee

G. Acetone

The quantitative study of the behavior of acetone
toward fused alkalles naturally follows from that of
agetaldehyde, sinee tho two compounds are structurally
similar. It is logical to assume that ite interaction
with fused eanustie would conform to the preceding type
reactions 5, 7, and 10, shown by acetaldehyde. Analo-
zously the type reactions {for acetone , 11, 7, and 12,
the latter being the summation of the two preceding,

arss
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CHzCOCHz; + NaOH — CHzCOpla + CHa (11)
CHzCOpNe + NaOH — NagCOg + CH, (7)
CHgCOGHz + 2NaOH —> NagCOg + 20H (12)

' Two setes of experiments wer:z conducted to check
these assumptions and reactions quanﬁitatively. Trrenty
oram samples of pure acetone wore passed; as vapor,
thru the equimolor mixture of fused alkélies at a
gemperature of 250° in Run I and at 350° in Run II,

At 250°, methane was the principal gas cvolved
with small smounts of hydrogen and unsaturated hydro-
carbons, and traces of carbbn monoxides The reaction
residue vas chiefly acetates and small quantities of
carbonates.

In run II at 350°%, the yield of methans was more
than doubled. It contained little hydrogen, no unsaturated
hydrocarbon, and no carbon monoxides The reaction.residue
was chiefly carbonates with no acetates.

The quantitative data of both runs are summarized
in Table III, vhich, for purposes of comparison, indicatbes
theoretical ylelds and per cent theoretical yields calcu=
lated on the basis of equations 1l and 12. Since only a
few drops of licuid pcssessing.the charaecteristic odor of
acetone condensation products were collected, as distillate,
in each run, all calculatlions were based on the original

amounts of acetone usedes
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Tabls IIX

Acetone: I (250°): 1II (550°)

Run (CH )zgo 034(§ 0/700) caé(L. 0/760) CHy{L. 0/760) CH:{L.0/760) CHg(L.0/76

Theory or cend Theory er cent
Theory Theory

Equation (11) Equation (11) Equation{l2) Equation(l
19,75 5,41 7063 70.91 15426 35446
19.98 14,27 —ow —_— 15,44 92.43

(GH§)200 ¢ ﬁoogﬂ(e ) CHmOOpH(G.)  CHpCGH
theory Fer cent

Theory
Boquation (11) Equetion (11)
18.75 1733 20,44 84.'79
19.98 none none none
(Cﬁm)200 COn{G.) C0s{G.) ¢

3%) Found heory Per cent
Theory
19.75 3632 14,99 22415
18,98 13,94 15,16 91.96

In drawing conclusions from the above data, it
should be noted that yields of methane may originate in
reactlon 11 or 7, or in theilr swmabtion reaction 12. In
run I, however, the 84,797 vield of acetete and corres-
ponding but somewhat lower 70.91% yield of methane are

fairly commensurate with the stoichiometrical ratio,
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CHzCGoH ¢ CHyg , Tequired by equation 11, The solubility
of methane in ﬁater, large volumes of which were present
during the collection of the gases, may explain its
lower yield in comparison to the acetabe yield. The
data indicate that at 250° at least 70% of the acetone
used reacted with alkalies according to reaction i,

In run II, the 91.96% yield of carbonates
(caleulated as carbon dioxide) and corresponding 92.43%
vield of methane substantiate the stoichiometriecal ratio,
o, : 2CH,, required by equation 12. At least 90% of
the acetone used, therefore, reacted with %ﬁe fused
alkalies at 350° in conformity with reaction 12:

CH;COCH; + 2NaOH —> NagCOz + 2CH, (12)

The small quantities of hydrogen, unsaturated
hydrocarbons, snd carbon monoxide found inthe gas nmixtures
in run I indicate that side reactions occurred to a slight
extent. The production of hydrogen, which was obbtained
in run I and II, may be explained as having resulted from
the complete oxidation of a smell amount of the acetone
to carbonate and orthocarbonate, as renresented by the
type reaction 13, involving the hydrogen atoms of the
methyl radicals:

CHgCOCHz + 10HaOH — NagGOz + 2lagC0s + 8Hp (13)
This is analozous to equation 8 under ethyl alcohol:

CHsCH,OH + 6NaOH —> Nay00z + UayCo, -+ 6 (8]
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which served to explain the excess yicld of hydrogen

over that required by equation 6&.

D. Resaogrcinol

Experiments with resorcinol were undertaken as
s result of a recent article by Boswell and Dickson in
which the authors state that resorcinol does not take
part in the general reaction of organie compounds with
fused alkalies and "does not give off hydrogen until it
has first absorbed atmospheric oxygen and has thus
persumably beeg.axidized to some compound which does take
part in the general reaction.” They reported that .5 gram
of resorcinof;heated with 2 grams of sodium hydroxzide for
forty minutes at 3I50° yielded only 0.4 c.c. of hydrogen
and 0.l CoCe OF methéne.

For the purpose of either substantiating these
rosults or of showing that the dihydroxy aromatic
compound does veact with fused caustic in accordance with
the type reaction, 0.55 gram of resoreinol (1/200 mol)
was heated with 2 grams of an equimolar mizture of sodium
and potassium hydroxides in a tube which had proeviously
been fililed -rith hydrogen to prevent any access Lo oxygene.
The evolubtion of hydrogen begen at 420° and ceased at
490° after seven hours heating. The tdtal volume of gas

collected {at 0°/730 mm.) was 598 c.c., of which 407 ceCe
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were hydrogen. This yield of hydrogen was 90.85% of
the theory for all the avallablo hydrogen of resorecinol
according to the type reaction:

Gédé(oﬁ)z + GHOH —— GgoH)g + 2Hg0 4H,
The reaction residue was not identified as Cg(Oif)g, but
chiefly as decomposition products, i.e., alkali carbo-
nates and free carbon. Alkalimeter determinatioms gave
«5406 graoms of carbon dioxidé, which is 40,96% of the
theory for all the carbem in resorcinol. So it is quite
evident that higher and longer heating of resorcinol with
mixed elkalies gives almost theoretical yields of
hydrogen, the evelution of which 1s not dependent, as
Boswell and Dickson maintain, on previous heating with

aceess Lo oXys£sn.

e Carbon Honoxide

35T
The two investigators, Boswell and Dickson, vho

were mentioned in comnection with reactions on resorcinol,
have revorted experiments on the voactions of various
substances with fused alkalies as oxldizing agents, and
have nalutained, in common with Duynas and Stas;mthat the
mechanisu of these reactions consisits ultimately in the
decomposition of water, the cxygen carrying the compound
under investigetion to a higher stabte of oxidation and

the hydrogen being evolved in the gaseous state. Some
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such reactions may virtually involve the decomposition
of water, but the writer is more strongly inclined %o
the hynothesis, advanced by Fry, that the mechanism of
these reactions involves primarily the acidic dissociation
of the alknld hydroxides and conforms to the type reactlion.
For this reeson, not only the slkalies, but all compounds
used in the exneriments have been carefully dehydrated
to eliminate, as far as possible, the presence of any
water during the reaction. O0f gourse, in many cases,
water is formed during the course of the reasction, and
so a compound which would not be likely to provide water
in its interaction with fused caustic and which would
show that the presence of water ls not necessary to the
oxidastion of a carbon compound with liberation of
hydrogen, was chosen for investlgatlion.

The reactions vwhich would oceccur if carbon monoxide
reacts according to the type equation nre:

CQ0 + KNaOH — HCOONa

HCOQ0Na + NaOH — 1_332603 T H2

ﬁ;éégntﬁsﬁﬁxiﬁe, pre§afé§‘by tho interaetion of
potassium ferrocyanide and concentrated sulphmaric acld,
and passed thru potassium hydrozide solutlon, concentrated
suiphuric acid, and phosphorus pentoxide to remove
earbon dloxide, sulphur dloxide, and waber, was dvubbled

thru the equimelar mixture of fused alkalies at a rate of
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one lifer in one~helf hour at two different temperatures -
run I 2% 250° and rums IX and IXII at 350°,

In run I at 250°, the gases collected consisted
of apvroximately oneehalf carbon monoxide and ona-half

hydrogen by volume., The residues were chiefly carbonates

3

with traces of formates. There weos no distillate,

In runs II and III g% 350°, the volumes of
hydrogen in the gas miztures were much higher {about 75e
85%) with abou? 15253 of earbon monozide. The reaction
residue contained carbonate which cheeked the hydrogen
value in the ratiec, GOy <= H,, over 90%. An infinitessimal
amount of moisbture apreared in the condensor during the
reaction. Its sourco wss not determined.

The analyticel date from threc runs are surmarized
in Pable IV:

Tébl@ i
Carbon Hpnoxide: I (250°)3; II and III (350°)

Run CO {L.0/780)} CO (L.0/760)} Hy (L.0/760) 9y (@) Hy {L.0/750) H, Per cent

Volume used In gases In geses Found Theory and Theory
Based on COp Based on Coy
77 4,04 5632 T 37 3476 88430
943 223 687 14,8 7 054 91,12
8475 0.826 755 16438 8433 90,642

The slightly low yiold of hydrogen in run I,
caleulated on the basis of the rabio, GO@ 3 Hg, was

probably due to the fact that 21l of the Tormate had
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not decomposed at the lower temperature., Traces of
formete found in the reaction vroduct verified this
assumption.

At 250°,1ess of the earbon monoxide was absorbed
(50%) than at 350° {75 - 85%), but, at both temperatures,
the residues were largely carbonates, showing thet any
formate intermediately formed had been entirely oxidized
to the carbonate stags, with the liberation of an
equivalent amount of hydrogen. These results bear out
the observations of Merz and Tibirica who had ropa ted
that sodium formate and secda 1lime react to give carbonate
and hydrogen at 220°, while potassium formate, in the
vresence of potash iime, similarly decomposes below that
temperature

Merz end Tibiriea had stated that dry carbon
monoxide was but slightly absorbed by dehydrated
alkalies, the presence of water being necessary to the
course of the reaction. Vater may cause a more complete
and greater velccity of reaction between carbon monoxide
and eaustic alkall, but the above data indicated that the
reaction does occur in its absence.

The conclusion of Boswell and Dieksaﬁ”%hat it is
the water present in the fusidn, catalyzed by the
sodiuwm hydroxide, which is the effective oxidizing
agent, 1s likewise contradicted by the data in Table IV,
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Fe Ethylene Glycol

The application of the type reaction to glycol
gives a series of partial equations which may be

sumnarized as follows:

CHyOH,CHOH + 2NaOH — CH,ONa.CHyOla + 2Hy0 (1)
CHpONa.CEpONa  + 4HONa — C{0Na)z.C(ONa)s + 4B (2)
C(ONa)zl.C(ONa}s + 2E;0 — COuNa,00Na + 4NaOH (3)
2 1,2,3. CHyOHCHyOH + 2NaOE — COgNa.COpNa + 47, (4)

Equation 4, the summation of 1, 2, 3, affords an
explanation of the mechanism of the oxidation of glycol
to oxallc acid. The oxalic acid undergoes further type

reactlion as follows:

COglNa.COgNa + NaOH — HCOgNa + NapCOg (5)
HCOolla + NaOH — NapCOg + Hy {e)
> 4,5,6. CH;0H.CHyOH + 4NaOH — 2NayC0g + SH (73 .

- Bguation V, the summation of 4, 5, 6, indicates
the mechanism of the oxldation of glycol to carbonate,
with the accompanying liberation of hydrogen.
It is 2lso possible to apply the tvpe reaction to
glycol, whereby one CH,0H group is oxidized entirely
before the other is attacked. In this case, glycollice
acid is formed as an intermediate product as follows:
GHBOH.GH20H + NaOH —90}120H.C}1é015a + HQO {8)
CHyOH.CEyOfa  + 2HONa — CHyOH.C(ONa)g + 2H, {9}
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CHpOH.C(ONa); + Hp0 — CHgOH.COpNa + 2NaCH (10}

2 859,10, CI,0H.CH,0H + NaOH — CHy0H.GOpla + 2H, (11)
| Hquation 11, the summation of 8, 9, and 10,
indicates the oxidation of glycol to glycollic acid,
which then undergoes further dhangeg
CHyOH.COplla + 3NaOH —— 2NagCOz + 3y {12}
2 11,12,  CHyOH.CHyOH + 4NaOH —— 2NapGOs + 5l (13)
EZquation 13, the summation of 11 and 12, is
identical with equation 7. If, therecfore, it is
asgumed that the type renction can be applied to the
dihydroxy alcohol, then the final results of the complete
oxidatlon of glycol to carbonate should conform to the
stolchiometrical ratios demanded by equation 13, regerd-
lesg of the intermediate steps by which it was reachede.
In order to establish these stoichiometrieal
ratios, (CHp0H)p:5Hp, (CHpO0H)5:2C05, and 200y :5Hs,
experiments with giycol and fused coustic alkaliss were
carried out,
The glycol, supplied by the courtesy of The
Globe Soan Company, and purified by distillation until
it boiled correctly at 197,.5°, was added slowly over a
period of 4 hours from the alter dropping-funnel to the
equimolayr nmizture of fused, dehydrated sodium and
pobtasal um hydroxides. 10 c.ce portions were used in

runs conducted af 250° and ad 3509,
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In Ryn I, at 250=260°, the gas evolution
ceased afber 28 hours heating. No distilliate was
collected. The gas nixture contained hydrogen with
traces of methane. The residue consisted almost
entirely of the hydroxzides and carbonates of sodium
and potassium, althe oxalates were present in very
small quantities {equivalent to aboubt 0.5 gram oxalie
acid).

In Ryns II and IIT, at 345-3565°, the gas
evolution ceased after 5-7 hours heating. Toward the
end of each run, a trace of distillate, having a pecu-
liar, aromatic odor, appeared in guantities too small
to be either weighed sccurately or analyzed. The gas
mixtures contained hydrogen with small amounts of
methanc. The residue consisted of the hydroxides and
carbonates of sodium and potassiun.

The experimentasl date are summarized in the

following table:
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Run

i1
I

II
Il

IZ
Iix

I {250°);

Glycol Used
{G.)

11,15
11,15
11,18
Glycol Used
(a,)
11,15
11,15
11.15
C0p (G)

Found

1300

II {350°):

»wG0w

Table V

Hy (L.0/760)

FPound
15,75
15,92
15,63
C {G.)
FEuna
13,00
135,66
13,21
(L.0/760)
EzFound
15.’?5
15482
15,63
CH, {L..0/760)
“Found
Trace
0237
04499

111

(350°)

1s (L.0/760)
"2 Theo;/y0

20.15
20,15
20.15
Cop (G.)
Theory

15.83
15483
115,83

H, (L.0/760)

Caleulated
frou GOy
16456
17.39
16.82

Per cent
Theory

78.17
79,01
7757
Per cent
Theory
82.13
86450
83,45
Per cent
Calculated
95,1?
91,55
92,93

The data indicate that, with the exceptlon of

oxalate, traces of which were observed only in the

residue from Run I, the same reaction products are
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formed in approximately the same quantities at both
250° and 350°, nltho the velocity of the reaction is
mch greater at the higher température. IThe quantity
of methane obtained from Run I was lower than that
fyom Runs II and III, probably because of the solution
of the gas in the water over which it was collected
during the long perlod of 28 hours.

The experimental results fron Run I verify the
claim made oy Nefbfha% ethylene glycol treated with
excess potashelime at 250° liberates hydrogen and
forms only potassium carbonate. Nef, however, did not
publish any quentitative data relating to the nature
of this reaction.

Turtz, as noted, had carried out similer
reactions at 2509, and had observed the formation
chiéfly of oxalate in the residual products. His
experiments were undoubbedly carried oubt in a relatively
short time, thus preventing the almost complete axidation
of oxalate to carbonate, which has been shown to occur
very slowly at 250°.

An examwination of the data in the fifth column
shows thet tho (CHpOH)g:8Hy ratio is lower than the
(CHp0H), 1200, watio in each case. Thoese figufes
indicate that the glycol participated to some extent

in a side reaction. The Fformation of distillate
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{at 350°) and the presence of methane in the gas
nixtures justifies such a conclusion. The stoichio-
nmetrical ratio 2005:5H,, however, is substantiated
by the data given to the extent of 92 per cent of

the theory, and warrants the assumption that at

least 80 per cent of the glycoel interacted with fused

alkalies according teo the type reaction.

G. Glyecerine

The type reactlicn may be applied to glyeerine

with the following results:

CHg OH LCHOH .CHyOH + 3NaOH — CHyONa,CHONa.CHyONa + 3Hp0 (1)
CHyONa .CHONa .CH,0Na + 5HONa — c(ozxais .C(ONa)g .C{ONa)s + BHy (2.
C(0Na)g+C{ONa)g«C(ONa)z + 4HONa — 3 C(ONa)y + 2H (3]
3 c¢{oNa), + 3H,0 — 3 NayCOz + 6NaOH (¢
S 1,2,3,4. CHyOH.CHOHJ.CHo0H + 6NaOH — 3NagCOz + THp {5

Equation 5, the summation of equations 1; 2, 3, and
4, indicates the complets oxidation of glyecerine to
carbonate, with the 1iberat;on of an equivalent amount of
hydrégen.

In an attempt to substantiate the stoichliometrical
ratlos requived by equatioﬁ 5, experiments were conducted
with glycerine and fused sodium and potassium hydroxides.

10 c.ce Portions of pure, azhydrous, crystallized

glyeerine, supplied by the courtesy of The Globe Soap
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Company, were added very slowly (about 2 drops per
minute) from the VValter dropping-funnel to the equi-
molar mixture of fused alkalies contained in the iron
tube. The temperature was kept betwsen 345«380° for
periods of 7-8 hours, and, sincé the gas evolution had
become very slow but had not ceased after that time,
+the temperature was raised to 400° for 3 hours, and
then to 450° for 2«3 hours. Over two-thirds of the
$otal gas volume was collected at 350°, and the
remainder was colle¢ted at the higher btemperatures.
After about the first four hours of heating, a slight
distillate of sromatic odor appeared in guantities too
small to be analyzed.

The gas mixtures contained hydrogen and small
smounts of wethane. The residue contalned the hydroxides
and cerbonates of sodium and potassium.

Bulsine, as was noted, had veported that the
reaction: |

UgHg(OH)g + 4K8H — B8Hy + CHy + REpC0z + 0
occurred when glycerine and fused potassium hydroxide
reacted at 320-350°, and had substantiated the ratio,
Colg{OH)g: 4 gas volumes, altho he had made no atbempt
to determine the amounts of carbonate obtained.

The presence of methane in the gas mixtures

pointed to the fact that the reaction had proceeded in
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accordance with the equation sugmested by Buisine,
Caleulations showed, however, that the volumes of
hydrogen obtained experimentally were in excess of
those required by the stolchiometrical ratioc,
CzHg{0H)g :3H,, and led to the conclusion fthat two
simultaneous reactions had occurred: A, that obtained
vy the application of the tyve reaction, and B, that
postulated oy Buisine:z

CgHg(0H)g + 6HaOH — THy + 3HagCOj3 {a)

CzHg(O0H)g + 4NaOH — 3Hy + CHy + 2NagCOz + H0  (B)
The higher temperature (400~450° used toward the end of
the experiments was probably responsible for the
initiation of reaction &, which Buisine had not observed
at 350°,

An attenmpt was made to asceritain the extent to
which each resction had occurred by the calculations

ihdicated below:

let a = volume hydrogen obtained as result of Reaction (4)
iot b = n LY 5t £t 2 13 £t {B)
Ist x = ppams carbon dioxide " " “ “ " {A)
zﬁt y o 1 41 t 0 41 n 1 (BB
1. Then 7 5

= Eﬁﬁg
2. Then b _ 3 Ip

y T el
3, And a + b = total volume hydrogeun collected

And = + ¥ = total grams cgarbon dioxlide found ir resldue

12
¢
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Run

IX
III

Run

i1
11T

II
III
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The simultanensus equations 1,
with the data from three runs

the following results:

2, 3, 4 were solved

substltuted and gave

Table VI
a+b(lmowm) =x+y(imown) a (cale'd) b {cale'd) = (eale'd) y (calcta)
9.35 L. 10,2 go  4.37 L. 4,98 L. 5468 g. 6435 2o
9,85 L. 11,22 g.  3.54 L. 6.30 L. 2,98 g. 8. 25 g
9.21 L. 10,56 g+ 3418 L. 6404 L. 2.68 g. 7.91 ge
CzHs{0H)s CsHg(OH)y  CsHg(OH)3 CxHg( OH)5 C5Hs( 0H)5
(é. Used (8.%alcTa (G, cale'@ Pew cent calc'd. Per cent calec
from x) from y) Reacting according Reacting accordi:
(COo Equaecd) (COo Equa.B) to Bquation A to Equation B
11,4 2,57 6482 224,55 59,83
12,3 2408 8.6 16,92 TC+09
1l.2 1.87 8.27 16,70 73 .84
CHy (L.0/760) CHy(L.0/760) CH,
Found Csic'd from y Per cent theory
1,20 1.66 7229
1.42 2,310 67 .62
1ed3 2.02 7080

The Tigures indicate that aboubt 20 per cend

of the aectual glycerine used reacted according to

equation 4, and avout
equation B3, Yo clalm is nade

calculated prove that

70 per cenbt according to

that the data so

these two reactlons occur,
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It is possible that the experinental results could
be used equally well to substantlate other equatlons,
but, from the point of view of the type reaction, it
is logical to assume that reaction A, accounts for
the excess hydrogen obtained over that required by

7.
reaction B, experimentally verified Ly Bulsine.
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CONCLUSTIONS

Experiments with ethyl alcohol, acetaldehyde,
acetone, resorcinol, carbon monoxide, glycol, and
slycerine with fused alkalies have been conducted
quantitatively, by means of a snecial apparatus and
method which provided for the bubbling of the vapors
of the puroc carbon compound thru an emimolar mixture
of fused, dehydrated sodium and potassium hydroxides
and the subsequent quantitative analysis of the
resulting rroductse.

The changes occurring during these reactions
may be explained by assuming the amphoterisc cheracter
of the alkali hydroxides, which enables them to
dissociate as bases and as acids. Basic dissocilation
is shown in the formation of alcoholates, during the
first steps of the reactions of the alcohols. Acidie
dissociation, however, nredominates and 1s responsible
for the oxidation of the carbon compound to a stage
denending on the temperature used and accomrenied by
the liberation of hydrogen, sccording to an apparently
general type reaction:

R(H), + n HOH R(OM), + n H.H.

{vhere M = Na or E(
The equations for the interactions of ethyl

aleochol, acetaldechyde, acetons, resorcinel, carbon
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monoxide, glycel, and glycerine, which follow & priori
from the application of the tyre reaction mechanisnm
and the gquantitative verifications of each are
csummarized as follows:

Sthyl Alcohol - The incomplete reaction of

ethyl alecohol =t 250° and the occurrence of several
sirmiltaneous changes nmade it impossible to gstablish
exact stoichiometrical ratlos, but the data obtained
confirmed in some measure the occurrence of the
following reactions:
CH5CHyOH + NaOH —— CHzCOglNa + 2Hp
CHgCOpNa  + NaOH — Nagcos * CH@
CHgCHoOH + 6NaOH — NagCOz + NeyC0p + 6Hp
CHzCHaOH —> CpHg + HpO

jeetaldehyde = Acetaldenyde reacted complete with
fused alkalies at 250° tc give hydrogen and acetates as
the products of the reaction which conformed to the |
extent of 90% of the theoretical to the equation:
CHzCHO + NaOH — CHgCOgla + Ny
At 300° and 3350°, the ylelds of hydrogen, methane, and
carbonates were practically theoretical for the equation:
CHzCHO +oNaOH — Hy + CHy + HNagCO3
Acetone « The reactions of acebtons were analogous

to those of aldehyde. At 250°, methane and acetates
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were the cehief products of the reaction which
conformed at least to the extent of 703 of the
theoretical to the sgquation:

CHzCOCHz + NaOH — CHgCOpNa + CHy
At 350°, the ylelds of methane and carbon:ztes were
more than 90% of the theoretical for the eauation:

CBSCOCHS + 2NalH — NagCOg + 2CH,

Resorcinel - Resorcinol reacted with fused
alkalies in an atmosphere of hydrogeﬁ at 420«490°
to give a yield of hydrogen, 90.85% of the theory
for all the available hydrogen in the compound,
according to the tyve reaction:

CgHa(0H)g + 6NaOH — C(OM)g + 2Hz0 + 4Hp
The evolution of hydrogen is not dependent on previous
heating with access to oxygen. This reaction invalidates
the claim of 3Boswell and Dicksog%breviously noted.

Carbon monoxzide reacted with fused, dehydrated

alltalies to the extent of about 50% at 250° to give
hydrogen, carbonase and traces of Tormate. At 350°,
carbon monoxide reacted to the extent of 75 = 85%
to give hydrogen, and carbonate. The reactions occurring
may be ropyresented as follows:

0 + NaOR — HCOONa

HCOONg + NadH — ﬁazcos +

o®
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Glycol - ZFghylene glycol reacted with fused
alkalies at 250° and at 350° to give hydrogen, methane,
and carbonate, The data obtained substantiate to the
extent of 80% the type reaction:

{CHQOH)Q + 4NaOH — 2HapC0z + 5Hj
altho the pressnee of methane in the zas mixtures
indicates that another reactlion ftook place Lo some

extent.

Giycerine = Experiments with glycerine and
fused alkalies at 350° - 450° indicated that two
simultanecus reactions occurred:

(A} CgHg(OH)y + 6NaOH — THy + 3NegClg

(B) CgHg(OH)z + 4WaOH — 3Hy, + CHy + 2NegCOz + Hy0
The data obtained was used to show the extent te vwhich
each took »lace. The type reaction A& occurred to the
extent of 20%. Reaction B occurred to the extent of
70%.

It 1s interesting to note that the type
reaction appliecd to mono~hydroxy, di-hydroxy, and tri-
hydroxy alcohols gives equations that form a serles:

CHzOH -+ &NeOH — 3Hp + HaglOg

(Cﬁgoﬁ)g + 4HaCH — BHE; + 2NagCoy

Cofig(0H)gy + 6NaOH — Ty + 3HagC0s
in which thero are constant inereases in the weights

of hydrozide used, in the volumes of hydrogen obtained,
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and in the welghts of carbonate obtainede

The successful application of the type reaction
t0 monos di-, and tri-stomic aleohols indicates that
its extension to certain of their derivatives, such as
the sugars, celluloses, fats, and waxes, would be of
theoretical and practical interest. As early as 1848,
L%wigzgecorded that the interaction of cane sugar and
allkzalies resulted in the production of oxalste.
Gottliebl;tudied the action of fused potassium hydroxide
on cane sugaer, gum, starch, mmd manniﬁol and obtained
oxalates in each case. It is highly probably that such
reactions, as well as those involved in the industrial
preparation of oxalic acid by the oxidation of sawdust
with fused allzalies, conform to the type reaction
proposed. The interaction of fats and oils with caustic
allzalies opens a wide field in which the applioatibn of
the type reaction might prove %o be of value. Reference
has already been made to experiments with waxes in
which the tyve reaction undoubtedly prlays a part.
The present investigation, being necessarily limited,
afforded no opportunity for research on the bechavior
of carbohydrates, fats, or waxzes with fused anhydrous
alltalies, but it is to be hoped that a study of these
substances from the voint of view of the type reaction

may be developed later.
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