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INTRODUCTION

The explanation of the liberation of large amounts
of hydrogen gas when many organic compounds react with hot
or molten sodium hydroxide readily becomes apparent if the
thermal dissociation of caustic alkali Is considered.

+ —As water Is heated, the dissociation into H and OB 
increases rapidly, so that at 100° the value of the dissocia­
tion constant is much greater than the value at zero degrees. 
If sodium hydroxide be regarded as I 0 H with one hydrogen 
atom replaced by metal, then on heating, its dissociation,
like that of water, ought to increase with rise in tempera­

s'ture. But how would sodium hydroxide dissociate. Since
sodium 'has more affinity' for oxygen than has hydrogen,
as is shown by the relative magnitudes of the heats of
formation of NasG and Ha0, it is logical to assume dissocia- 

+ «*tion into B and ONa, because only thus can the sodium retain
+the oxygen. It may not be claimed, however, that this H 

is a hydrogen ion, it having been amply demonstrated that
the ordinary hydrogen ion Is in reality the hydrated oxonium

+ + ion, HaQ. Hence this B should be distinguished by the term
dissociated rather than Ionized hydrogen.
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Just as with water, as the temperature is raised, the 
concentration of the dissociated hydrogen from sodium hydrox­
ide increases, becoming finally sufficient to effect the 
occurrence of many interesting reactions between organic 
compounds and hot alkali. If in addition to the tempera­
ture required to produce dissociation, the alkali Is also 
brought into the liquid state by fusion, so that reaction 
mixtures will be homogeneous, then quantitative reactions 
occur that are explicable only on the basis of the disso­
ciation of hydrogen from the fused alkali.

Since the year 1923, Fry and his co-workers have 
carried out investigations of the action of caustic alkalies 
in the fused state(l), in methyl alcohol solution as sodium 
methylate(2), and in aqueous solution(3), upon relatively 
simple aliphatic compounds, with the view of obtaining 
quantitative data to prove both the nature and the extent 
of the occurrence of certain postulated reactions in re­
lation to the mechanism of the oxidations that take place.
The equations representing these various reactions were 
based upon two typical equations, thus:

R(H)n + n MOB - R(QM)n + n Ha 
R(CHa)n + n MOB -* R(©M)n+ m CH*

where M Is Na or E, and R(OM)n is either an alkali formate 
or carbonate.
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The underlying hypothesis proposed was the assumption 
that the caustic alkalies in the fused state undergo acidic 
dissociation thus:

MOH m H + Offi.
This hydrogen then combines with the hydrogen atoms or methyl 
groups of the organic compound, thereby liberating gaseous 
hydrogen or methane while the carbon compound is oxidized, 
usually yielding, with fused alkali, sodium carbonate; but 
in methyl alcohol solution, sodium formate; and in aqueous 
solution, various salts. "Klhen hydrogen is not liberated, 
the carbon compound suffers both oxidation and reduction 
concomitantly. M(4)

As previously stated, it was found that the mechan­
ism of certain reactions occurring in sodium hydroxide 
solution could be explained by assuming the acidic dissocia­
tion of caustic alkali.

Fry and Cameron (2) proposed the following equations 
to represent the mechanism of Klinger* s reaction, whichC; -

occurs in methyl alcohol solution:
3CHa0Ha + 3HsO -* 3CH30K + 3HGNa (a)
3CHa0H + 3H0Ha -*3HC0QNa + 12H (bj
4C6H6N08 + la H •» 2(C6HbH)2Q 4- 6 HgO (e)

£U,b,c) -̂CgĤ NĈ  * 3CH80Na - 2(C6H5M)20 + JHCOOHa + 3H80 (A)
Equation (A), the summation of a, b, and jc, was shown to occur 
to the extent of 88% of the theory for the amount of nitroben­
zene taken. The yield of sodium formate agreed quantitatively 
with the yield of azoxybenzene. It will be noted that equation
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b, involving the acidic dissociation of sodium hydroxide, is 
an example of the general equation

However, in this system, the hydrogen is not liberated, but is 
used for the reduction of the nitrobenzene.

Fry and Treon (3) developed a complete mechanism for 
an oxidation-reduction reaction between nltromethane and 
aqueous sodium hydroxide solution, as follows:

Here again, equation d exemplifies the general reaction re­
sulting from the acidic dissociation of sodium hydroxide. 
Equation (B), the summation of d, e, f, and jj, was quanti­
tatively verified, and similar reaction schemes were de­
veloped and verified for nitrourea, nitroguanidine, and 
nltrobarbiturie acid.

Price and Uber, with Fry (3)* showed that the 
Cannizarro reaction occurs according to the following 
scheme, wherein the hydrogen formed according to the type 
reaction (h) participates in the consecutive reduction 
reaction (1):

R{H)n + n MGH -* R(GM)n + n Hs.

CH8N08 + 3H0Ha - C(OHa)aMGa + 6 1
C(OHa)gHQs + 6 S  - C(OHa)aNHs + 3HS0
C(ONa)aBHs + HOHa - C(OMa)4 + NHa
C(OHaU + HaO - Ha8C0a •+• 2H0Ha 
CH8H08 + 2H0Ha - Ha*CO* + NHa + Ha0

(a)
(©)
(f)
(s)
(B)
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GH80 + EOHa -* HCOGNa + 2 M (h)
gH80 + 2 H - €H8OH (i)

^(h,i) 2CH80 + HOHa - HCOOKa + GH3OH (C)
Equation (C), the summation of h and 1, represents 
Cannizarro's reaction.

In the three examples cited above, concomitant oxi­
dation and reduction occur, and hydrogen is not liberated. 
However, Price and Uber obtained a quantity of gaseous 
hydrogen when formaldehyde was reacted with aqueous sodium 
hydroxide; that is, some of the hydrogen represented by 
equation h was evolved as gas, so that not all of it was 
used for the reduction according to equation 1.. Unpublished 
data of P. I. Miller of this laboratory, to be given below, 
showed that a quantitative yield of hydrogen could be obtain­
ed by the action of a concentrated aqueous solution of 
sodium hydroxide on sodium formate.

Ho other previous accounts have been found in the 
literature which describe quantitative studies of the action 
of concentrated sodium hydroxide solution upon carbon com­
pounds in relation to the liberation of hydrogen. Accord­
ingly, in the present research it was decided to determine 
whether simple aliphatic compounds containing carbon, hydro­
gen, and oxygen, will liberate hydrogen from aqueous alkali 
as they do from fused alkali; and if so, whether the nature 
of the reactions and products is in agreement with the 
type equations proposed above.
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The objects of this investigation, then, may he 
summarized as follows:

1. To study the reactions of carbon compounds with hot 
concentrated aqueous sodium hydroxide solution, approximately 
thirty-five normal.

,2. To estimate quantitatively the yields of the products 
formed, in order to substantiate both the occurrence and the 
extent of the occurrence of the reactions observed.

5. To determine whether or not the equations, derived 
from the proposed reaction mechanism schemes, are in con­
formity with the quantitative data obtained in (2).

4. To study the effect of an organic base, notably 
piperidine, upon the nature and the extent of occurrence 
of these reactions.
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GENERAL OBSERVATIONS AMD THEORETICAL DISCUSSION

The reaction-meehani sm schemes proposed in this study 
involve the acidic dissociation of sodium hydroxide, and 
thus regard this notably strong base as an amphoteric com­
pound. It is here pertinent to note, in connection with 
the conception of amphoterism, that the strong acids, nitric 
and sulfuric acids, in nitration and sulfonation reactions 
respectively, react as bases, dissociating to yield hydroxyl 
radicals in conformity with the following equations:

CgK5.il + HO.NOg - C6H5.HOs + H.OH
C6K5.KL + HO. SO a *0K -* C5H5.SOg.OK + H.OH

In logical contrast, the strong bases, such as sodium and 
potassium hydroxide, In concentrated solution react as 
acids, dissociating to yield hydrogen radicals in conform­
ity with numerous examples previously cited.

Pry (4) has suggested a rule which has held for all 
compounds that have so far been reacted with fused alkali, 
namely that “every hydrogen atom and every methyl radical 
in union with a carbon atom, which carbon atom is in turn 
united to an oxygen atom, yields respectively a molecule of 
hydrogen and a molecule of methane, through its combination 
with an atom of hydrogen from the anhydrous fused caustic
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alkali (4)." This rule, as well as the type reaction mech­
anism involving the apparent acidic dissociation of sodium 
hydroxide, is directly illustrated as follows:

M HlOMa
0=6 Ha8C09 + 2

g  H  OBia

E~~ilOla

/
O — C ^  *♦ Ba$C!Q9 + Hgt + CH*t

~i
fij OMa

(0Ha E Ola 
/

0=0 -* KasCOa + 2 CEftf
OHfl Hi OHa

In many reactions, particularly those with more com­
plex compounds, the above rule is not directly applicable. 
These apparent exceptions to the rule, however, are readily 
explained and correlated with the rule, when the compound 
is regarded as being transformed, by Internal rearrangement 
or intramolecular oxidation-reduction reactions, into other 
products, each of which in turn reacts with the caustic 
alkali in direct conformity with the rule.

For example, a molecule of ethylene glycol yields 
with fused alkali five molecules of hydrogen, whereas by 
strict application of the rule only four would be expected.
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In this particular case, under the thermal and alkaline con­
ditions of the reaction mixture, “the glycol molecule undergoes 
an oxldatlon-reduction change in order to react as one
molecule each of formaldehyde and methyl alcohol. The
former according to rule has "been shown to liberate two, 
and the latter three, that is, a sum total of five mole­
cules of hydrogen" (4), the number that is actually ob­
tained from glycol. These facts are summarised in the 
following scheme:

CHsOECHgOH =0= CHsO + CHaGK (a)
CE8Q + 2HGNa -* HasC03 + 2 Kgt (b)
CH3OH + 2K0Ka -> Ha8OQa + 3 Hat (e)

{̂a,b,c) CHgOHCHgOH + 4HQHa - 2Ma8CO0 + 5 Hst (A)

When reactions Involving caustic alkali occur in 
solution, hydrogen need not be evolved, for, as amply il­
lustrated by the discussions of the Klinger, Cannizarro, 
and hitromethane reactions in the preceding section, con­
comitant oxidation and reduction may occur.

The reactions of organic compounds In the fused state 
and in the concentrated aqueous medium are usually similar, 
in some cases even identical. However, reaction does not 
occur if the solution of sodium hydroxide Is to© dilute, 
indicating that the presence of too much water will favor 
the normal dissociation into sodium and hydroxyl ions.
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Seme general differences, of degree rattler than kind, 
were noted when the reactions in the two media were compared. 
By fused alkali, under proper conditions, most compounds are 
oxidized to sodium carbonate with the liberation of hydrogen 
or methane or both. In the aqueous medium the liberation of 
methane was never observed, and oxidation seldom proceeded to 
the carbonate stage. Further, many compounds that react with 
fused alkali do not react in the aqueous medium.
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III

APPARATUS. PROCEDURE. AMD ANALSCTICAL METHODS

A. Apparatus and Procedure 
The purpose of the present investigation was to de­

termine the nature and the extent of the occurrence of the 
reaction of approximately thirty-five normal aqueous sodium 
hydroxide solution upon five compounds, namely, sodium for­
mate, formaldehyde, glyoxylic acid, ethylene glycol, and 
glycerine.

Experimental runs were conducted in duplicate with 
each compound according to the following general procedure: 

The copper reaction-flask A (Pig. 1) of 700 cc 
capacity was connected to a meter, water-cooled, reflux 
condenser B by a tightly-fitting rubber stopper. A two- 
holed rubber stopper was fitted to the top of the Inner 
tube of the condenser. Through one hole was passed a long 
glass tube C, extending three-fourths of the way down into 
the condenser, and closed at the end outside the condenser 
by a glass stop-cock. Through the other hole a bent glass 
tube led to the gas-washing bottle E, which functioned as 
a safety-bottle, whence the gas was delivered Into a 
gasometer F— an Inverted eight liter carboy, calibrated in 
half-liters, and fitted with a rubber stopper having three 
outlets, 0, H, and 3L Outlet G allowed the delivery of gas
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from the safety-bottle E, K permitted the escape of the 
liquid displaced from the gasometer, while through I pas­
sed a long glass tuhe by means of which samples of gas 
could be drawn off for analysis. All necessary rubber 
connections, pressure-tubing of medium weight, were made 
gas-tight by wiring firmly against the glass tubes over 
which they fitted.

The operation of a run with this apparatus was ac­
complished as follows:

After filling the gasometer with concentrated brine 
to reduce the loss of hydrogen by solution, stop-cock D and 
screw-clamp J were closed. Flask A was charged with the re­
action mixture, connected to the condenser, and heated in 
an oil-bath until a lively and steady, but not too rapid, 
stream of hydrogen was obtained. The bath was brought to 
a constant temperature, which was recorded. The flask was 
then heated until no further evolution of hydrogen was 
noted. Tube C was then connected to a compressed air out­
let, stop-cock B was opened, and a stream of air was passed 
through the apparatus to insure that all the evolved hydro­
gen was finally delivered into the gasometer. The reaction 
mixture remaining in flask A was cooled and diluted until all 
soluble material was dissolved, and then was made up to a 
definite volume of two to four liters. Aliquots of this 
total volume were taken for analysis of the quantities of
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substances formed in the reaction.
By removing the safety-bottle E, sealing the glass 

tube K, using a rubber tube and a screw-clamp, and then 
forcing water from the tap into the gasometer through H 
while the clamp £ was open, samples of gas were obtained 
for analysis of its hydrogen content.

Such quantities of compounds were used in the charges 
placed in flask A as would give reasonable and convenient 
volumes of hydrogen in the gasometers. It was, of course, 
often necessary to make a preliminary run to get some idea 
of the volume of hydrogen to be expected from the reaction 
of the particular compound under examination.

It was also necessary to do some preliminary work 
to determine the concentration of alkali solution that 
would be required to effect reaction. Towards this end,
P. E. Miller, in 1931, had, in this laboratory, treated 
sodium formate with hot solutions of sodium hydroxide, 
and in successive runs increased the amount of alkali by 
constant increments until a quantitative evolution of 
hydrogen was obtained. Miller's unpublished data is 
found in the following table:
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ACTION OF AQUEOUS ALKALI ON HCOONa
Table of Mr. Fred E. Miller Experiments, October, 1931

Run
Total
vol.
(cc)

.Cu..
turn­
ings?

Heat­
ing 
time 
(Mrs.)

.Wgt..
HCOONa(grams)

"wp:...HONa
(grams)

Total
gasesTec)

"B:.77
°C.

v®lume 
He S.T.P. 

theory 
5600 cc

1 250 yes 2.0 17 100 400 124 N.F.
2 it no 2 .0 tt 150 275 141 N.F.

tt yes 3.5 « 200 400 150 N.F.
,,4 . ii ti 2.5 ti 250 480 167 N.F.
5 t! tt 4 .5 it 300 480 193 N.F.

,:6. ft tt 6.0 tt 350 6250 217 5500

Notes:
1. N.F. = "none found"2. Probable expansion of air In apparatus, 500 ce
3. Qualitative test for carbonate: positive4. Qualitative test for oxalate: trace only
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Miller's data shows that the concentration of sodium 
hydroxide solution In run six, 350 grams of alkali per 250 cc 
of solution, approximately 35 normal, effected practically 
theoretically complete reaction.

A supplementary test showed that if 350 grams of 
sodium hydroxide and 88 cc of water were mixed and heated, 
then the volume of the resulting solution was about 250 
so that this concentration corresponded to Miller's run 
six. This mixture yields a clear solution when heated.
Under a reflux condenser, water begins to form a conden­
sation- collar at 225°# and refluxing Is vigorous at 250°.
This solution-mixture solidifies when cooled, but melts 
again at 190-200°. This standard concentration of alkali, 
about 35 normal, was used in all runs.

B. Analytical Methods 
This section describes the analytical methods em­

ployed to determine the yields of the various products of 
reaction obtained when the five compounds Investigated, 
namely, sodium formate, formaldehyde, glyoxylic acid, 
ethylene glycol, and glycerine, interacted with thirty- 
five normal sodium hydroxide solution.

It was necessary to determine the yields of a 
number of products, which are listed below in the order 
in which the analytical procedures are described; the
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list also indicates the compounds from which each reactlon- 
product was obtained:

REACTION PRODUCT
a. Hydrogen

b. Sodium carbonate

c. Sodium formate
(residual)

d. Sodium glycollate
Ethylene glycol 
(residual)

e. Sodium oxalate andsodium glycoHate.
f. Sodium lactate

Glycerine
(residual)

SOURCE
Sodium formate, form­aldehyde, glyoxylic acid, glycol, glycerine.
Sodium formate, form­
aldehyde , gly cerin®.
Sodium formate.

Glycol, glyoxylic acid. 
Glycol.

Glyoxylic acid. 
Glycerine.
Glycerine.

The method of sampling gas from the gasometer for the 
determination of hydrogen, has been described above. Samp­
ling in every other determination was accomplished by pipet­
ting aliquots of the reaction mixture, which had previously 
been dissolved and diluted to a definite volume. If the 
quantity of material found in the aliquot was £, then the 
quantity of that material in the reaction-mixture would be 
fq. X being a number which, when multiplied into the volume 
of the aliquot, would give as product the total volume of 
the diluted reaction mixture.
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a. Determination of Hydrogen

Samples were exploded in the presence of excess of 
air according to the standard method described by Dennis (5). 
The percent of hydrogen In the gasometer is given by the 
equation

$(HS) = 0»667 x contraction
volume of sample

and the volume ¥ of hydrogen at standard conditions formed
by the reaction of the compound under investigation is

¥ = v°lume gasometer x $(H«) x 275 x P
760 x (273 + X)

where T Is the temperature of the gas In degrees Centigrade, 
and P Is the pressure on the gas in the gasometer after cor­
rections have been applied for the hydrostatic pressure and 
the aqueous tension of concentrated brine. The number of 
moles of hydrogen corresponding to the volume ¥ is, of course,

¥22,400 .

b. Determination of Sodium Carbonate

Aliquots were treated with excess sulfuric acid, and
the carbon dioxide evolved was absorbed by ascarite In an
absorption train as described by Fales (6). The number of
moles, M, of sodium carbonate present In the reaction mixture
is then obtained from the equation

M = grams of evolved carbon dioxide x f
44
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It was necessary to determine, by the same method, 
the amount of sodium carbonate in the 350 grams of stock 
sodium hydroxide used, and to subtract this blank from, the 
total carbonate M in order to obtain the number of moles of 
sodium carbonate formed in the reaction. Hence, if a given 
weight £ of stock hydroxide yielded a grams of carbon dioxide, 
then the number of moles, m, of sodium carbonate present in 
350 grams of the stock Is given by the equation

m = 2 3 L Z  ft44 x g
and the number of moles of sodium carbonate resulting from 
reaction is Hr-**.

c. Determination of Sodium Formate

Aliquots were first treated, according to a standard 
method (7), with excess hydrochloric acid and mercuric chlor­
ide in the presence of a few gramssof sodium acetate, then 
were heated on a water-bath under a reflux condenser for two 
to three hours. The calomel precipitated according to the 
equation

HCQOH + 2HgCls -*• gHgCl4 + CO* + 2HC1 
was collected In Gooch erucibles, dried, and weighed. The 
number of moles M of sodium formate present in the reaction 
mixture is then calculated by means of the formula

jl _ weight of KgCl obtained x t 
2 x 236.1
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d. Determination of Sodium G-lycollate

Aliquots were subjected to a permanganate-oxalate 
procedure modelled after that described bySpqtt ;.(S). for 
the determination of sodium formate. Scott’s procedure in­
volve s, first, the oxidation of the formate, wlth'~aifealine 
permanganate; second, the addition of excess adid‘ and :oxalate; 
and third, the titration with further permanganate of the ex­
cess oxalate. In the present application of this procedure, 
the aliquot, which is already alkaline by reason of the large 
excess of sodium hydroxide used in the original charge, Is 
treated with a known excess of standard permanganate solution 
which is about 0.3 normal In acid titrations. The beaker Is 
then heated on the hot-plate for two to three hours. When 
excess sulfuric acid is now added, manganese dioxide pre­
cipitates, and Is dissolved by adding a known excess of an 
approximately 0.25 normal sodium oxalate solution whose 
strength In terms of the standard permanganate has been de­
termined. The determination is finished by titrating the 
excess of oxalate in the now acid solution with the standard 
permanganate. In the calculation of the results, the volume 
of permanganate equivalent to the volume of oxalate used Is 
subtracted from the total volume of permanganate required in 
the determination. If the remaining volume Is ]f cc of per­
manganate of normality 1, then the number of moles, M, of 
sodium glycollate present in the reaction mixture, is given
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by the equation
f x ¥ x I x 0.01633M  = — ---------- — ---------98

This same procedure was also found to give good re­
sults in the determination of ethylene glycol. If an aliquot
of a reaction-mixture containing ethylene glycol was equiva­
lent to V* cc of the permanganate solution of normality 1, 
then the number of moles, M', of ethylene glycol present in
the reaction mixture is obtained by the formula

_ f x V* x K x 0.0062
M “ 62 .

e. Determination of Sodium Oxalate and SodiumGlycollate in the Presence of Each Other

The reaction-mlxtures obtained from the glyoxylic acid 
runs contained quantities of both sodium oxalate and sodium 
glycollate. The method adopted to estimate the respective 
yields of these salts was to determine the total quantity of 
oxalate plus glycollate, and then to obtain the yield of 
glycollate by subtracting the amount of oxalate found in a 
separate analysis.

To put this plan into practise, aliquots were sub­
jected to the above described alkaline permanganate oxida­
tion procedure (d). The net volume Y of N normal perman­
ganate required by the sample was then equivalent to the 
sum of the amounts of oxalate and glycollate present.
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When other aliquots of equal volume were titrated with 
the standard permanganate in acid solution (after the addition 
of manganese sulfate), it was found that as long as oxalate 
was present the glycollate was scarcely attacked hy the oxi­
dizing agent, so that a pink end-point was obtained which 
corresponded to the oxidation of all the oxalate and but very 
little of the glycollate. If the volume v of permanganate of 
normality 1 used in this titration is considered to be equiva­
lent to the amount of oxalate present, then the number of moles 
of oxalate, M, and of glycollate, E*, present in the reaction
mixture, are obtained from the following formulae:

„ v x N x f x 0.06?M = —-------------
134

M. _ (¥— v) x B x f x Q.Q1633
98

f. Determination of Sodium Lactate

The procedure followed was that described and re­
commended by Stamm (9) (English translation by R. E. Oesper).

The aliquot, itself alkaline, was pipetted into a 
large excess of Q.l molar alkaline permanganate. Under the 
condition of a large excess of alkaline permanganate, the 
lactate is oxidized to acetate, while an equivalent quantity 
of permanganate is reduced to manganate. After the reaction 
mixture has stood for twenty minutes at room temperature, 
excess sulfuric acid and 0*25 molar sodium oxalate are 
added to the solution, then the determination is finished
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by titrating the excess of oxalate with ¥ cc off permanganate 
of normality K.

Before calculating the amount of lactate present, 
the "blank consumption" is determined as described by Stamm, 
by reacting, in the absence of an aliquot, the same volumes 
of oxalate and permanganate as were used in the actual de­
termination, then titrating the excess oxalate with the 
standard permanganate. This "blank consumption", a volume 
of b cc, is less than the volume ¥ cc used in the actual de­
termination of lactate, by the number of cubic centimeters 
of the standard permanganate required to oxidize the lactate 
in acid solution. Hence the amount of lactate in the aliquot 
is equivalent to {¥— b) cc of the standard permanganate of 
normality K, and the number of moles, M, of sodium lactate 
in the total volume of the reaction mixture follows from 
the formula

f x (V— b) x If x 0.032» =S ——............ ..128
This same procedure was also found to give good re­

sults in the determination of glycerine. If an aliquot of 
a reaction-mixture containing glycerine is equivalent to 
¥’ cc of the permanganate solution of normality K, then the 
number of moles, JJ1, of glycerine present in the reaction
mixture Is obtained by means of the formula

M ‘ = f x x II x 0.00658
92.06
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IV

EXPERIMENTAL

The experimental section of this thesis resolves Itself 
into five parts, one for each of the five compounds studied, 
namely, (A) sodium formate, (B) formaldehyde, (©) glyoxylic 
acid, (B) ethylene glycol, and (E) glycerine. Each section 
presents:

1. A recapitulation of previous reactions of the compound 
with either fused alkali or caustic solution or both;

2. The equations for the reactions most likely to occur 
as derived by the application of the fundamental concepts 
and reaetion-mechanism schemes previously developed, to the 
structural formula of each compound Investigated; and

3. The correlation of these postulated equations with 
the experimental data in relation to both the occurrence 
and the extent of the occurrence of the reactions.

A. Sodium Formate

The thermal decomposition of sodium formate yields, 
depending upon the temperature, varying proportions of 
sodium oxalate, sodium carbonate, carbon monoxide, carbon 
dioxide, and hydrogen (10).

Fry (11) showed that sodium formate reacts with
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fused sodium hydroxide according to the equation
RCOOKa + HQHa - Ka8C03 + Het (A).

The present study shows that in strong aqueous 
sodium hydroxide solution, sodium formate reacts quantita­
tively according to this same equation. It is certain 
that in the aqueous medium sodium oxalate Is not an inter­
mediate product, even though the observed quantitative yield 
of hydrogen could be accounted for by the following reaction 
scheme:

2HC0GHa -* He + (CGQNa)s (a)
(COOKa)g +2H0Na Hs + 2Ia8CQa (b)

£(a,b) 2HC00Ha + 2H0Na - 2Het + 2Ha8C03 (A)
This observation is made because sodium oxalate was shown 
not to react with thirty-five normal sodium hydroxide 
solution. Hence, if oxalate were formed in the reaction of 
sodium formate with alkali, it would then remain and be 
found in appreciable quantities in the reaction mixture.
But only traces of oxalate could be detected.

Since sodium formate reacts directly with concen­
trated sodium hydroxide solution in conformity with equation
(A), the following experiments were conducted to determine 
the effect of the presence of piperidine upon the extent of 
occurrence of this reaction.

The effect of piperidine was investigated because 
Pry, Cameron, and Bowman (2) previously showed that the 
presence of the organic bases pyridine* aniline, quinoline,
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mono- and di-methyl aniline, and isoamyl-amine, increased the 
extent of occurrence of the reduction of nitrobenzene to 
azoxybenzene according to the Klinger reaction discussed in 
Section I. It was then thought that these organic bases in­
creased the extent of the occurrence of the reaction by pro­
moting the extent of the acidic dissociation of sodium hydrox­
ide. But preliminary experiments with pyridine present in the 
thirty-five normal aqueous sodium hydroxide solution yielded 
decreased amounts of hydrogen. This was entirely unexpected.
To be sure that the decreased yield of hydrogen was not due to 
the reduction of pyridine by hydrogen, runs were then conducted 
using piperidine in place of pyridine, and again it was found 
that the extent of occurrence of the reaction in aqueous 
solution was decreased, whereas formerly in methyl alcohol 
solution it was increased by the presence of organic bases.

To quantitatively measure this effect of piperidine, 
two runs, I and II, each In duplicate, were conducted using 
13.6 grams, or 0.2 mole, of sodium formate in the standard 
sodium hydroxide solution. To the reaction mixtures in runs 
II there was added 5 cc of piperidine. The react!on-mixtures 
were maintained at 250° for 8.5 hours, at the end of which 
time the evolution of hydrogen had ceased in runs I, but 
not in runs II. This shows that the presence of piperidine 
had definitely retarded the rate of the reaction. The ex­
tent of the occurrence of the reaction (A) in runs I without, 
and in runs II with, piperidine is shown by the data in the

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



26 -

following Table I, which data was determined by methods 
herein previously described:

TABLE I
Experimental data based upon the reaction of0.2 mole of sodium formate according to equa­
tion (A): HCOONa + HONa -* NasCOa + Hst

Run NasCOafound(moles}
Naa C0a
theory

Hsfound(moles)
is
Ttheory

HCOONaremain­ing(moles)

HCOONa
$reacted

la 0.169 84.7 0.170 85.0 0.018 90.8
lb 0.171 85.3 0.171 85.3 0.015 92.3
IXa 0.029 14.4 0.028 14.0 0.168 16.1
lib 0.032 16.2 0.030 15.2 0.164 18.2

The above data shows that, since the percent theory 
yields of the sodium carbonate and hydrogen are practically 
Identical, that is, the ratios of carbonate to hydrogen are 
1:1, it is evident that the reaction occurs in conformity 
with equation (A). However, while 85$ of the sodium formate 
reacts in the thirty-five normal sodium hydroxide solution 
according to the postulated equation (A), the extent of the 
occurrence of this reaction is reduced to 15$ by the presence 
in the reaction mixture of a small amount, only 5 cc, of 
piperidine.
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In order to explain this inhibit!ve action of pyridine 
and piperidine, the following assumption is proposed:

The equation for the acidic dissociation of sodium 
hydroxide may be written-"-

HONa m  H + ONa
+Now the organic base RNH may use up the H so that it is no 

longer available for the liberation of hydrogen from carbon
-f. —

compounds, by adding the H and ONa to form a salt similar to 
the famiEar hydrochloride, thus:

RNH + H + ONa -> RNHgONa m  RNHS + ONa
+ +The H is no?/ replaced by RNHS . Since it is likely that there

were but traces of H originally present, and since the dis-
-f- —sociation of the ?/eak acid HONa into H and ONa would be re­

pressed by the presence of the salt RNHgONa, it may be con­
cluded that a drop of piperidine would greatly decrease the

-f-concentration of the H dissociating from the sodium hydroxide
-f*by forming RNHS, which would then be unable to react to 

liberate hydrogen from organic compounds.
Use of the fact that piperidine inhibits or limits 

the extent of the occurrence of a reaction may be made in the 
interpretation of reaction-mechanisms involving reactions of 
organic compounds with alkali. For instance, if a system of 
postulated equations should include as an intermediate product 
sodium formate, or indeed any other compound that will not 
react with alkali in the presence of piperidine, then simple 
addition of this base should permit the identification of the 
formate or other compound in the final reaction mixture.
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B. Formaldehyde

With fused alkali formaldehyde reacts thus (12):
ECHO + 2HGNa la8C0a + 2Egt (A).

In aqueous solution, alkali and formaldehyde undergo 
the familiar Cannizarro reaction. Fry, Price, and Bber (3) 
showed that this reaction occurs according to the following
scheme:

HCHO + HOIa -* HCOONa + 2H (a)
HCHO + 2H -> CHaOE (b)

£(a,b} 2HCH0 + HONa -* HCOONa + CH30H (B)
The actual liheration of hydrogen gas, as first noted by 
Loew (13) in 1887, proves the occurrence of an intermediate 
reaction, equation (a). Whenever the reaction of formaldehyde 
and sodium hydroxide is accompanied by the liberation of 
hydrogen, this reaction In the present and subsequent dis­
cussions will be represented by and referred to as equation 
(C), wherein hydrogen is represented by the molecular 
formula, Hs:

HCHO + HONa -» HCOONa + Hst (0).
It was previously shown (3) that when formaldehyde 

is boiled with 2.5 normal sodium hydroxide solution contain­
ing cuprlc oxide, sodium formate and methyl alcohol, copper, 
and free hydrogen are the products of the interactions. The 
formation of these four products was explained by the

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



- 29 -

division of the total amount of hydrogen rendered available 
by the occurrence of (a) into three fractions, one of which 
effected the reduction of the remaining formaldehyde to 
methyl alcohol (Equation b), while another brought about the 
reduction of cupric oxide to copper, and the final fraction 
was liberated as gas (Equation C). By quantitatively es­
timating the amounts of sodium formate, methyl alcohol, 
copper, and free hydrogen obtained from a known initial 
amount of formaldehyde, the percent extent of occurrence 
of each of the four reactions leading respectively to the 
formation of the four products indicated, was obtained.

Considering now the action of thirty-five normal 
sodium hydroxide solution upon formaldehyde, the following 
three possibilities call for discussion:

1. If two moles of formaldehyde should react with the 
standard thirty-five normal sodium hydroxide solution to the 
extent of 100$ according to the summation-equation (B), then 
one mole each of sodium formate and methyl alcohol would be 
formed. How then would each of these two products react with 
the alkali. Sodium formate readily reacted to give hydrogen 
and sodium carbonate in conformity with equation (D),

HCOONa + HOla -* NaaC0s + Hst (D),
as has already been described in part (A); but on the other 
hand, methyl alcohol, when heated in a caustic solution of 
the standard concentration, was found not to react. Hence, it 
follows that two moles of formaldehyde, reacting 100$ according
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to equation (B), would yield one mole of sodium formate, 
which in turn reacting according to equation (D) would yield 
one mole of hydrogen gas.

2. If on the other hand one mole of formaldehyde should 
react in the thirty-five normal alkali to the extent of 100$ 
according to equation (C), then one mole each of hydrogen 
and sodium formate would he formed; and, in turn, the mole 
of formate could then react in conformity with equation CD) 
to yield one mole each of hydrogen and sodium carbonate. 
Hence, it follows that one mole of formaldehyde reacting 
100$ according to equation (C) would eventually liberate 
two moles of hydrogen in accordance with equation (A), 
which is the summation of equations (C) and (B), thus:

HCHO + HONa - HCOONa + Hs (C)
HCOONa + HONa -> Ka8G0a + Hs (D)

£(C, D) ECHO + 2KQNa -* NasCOs +2Hsf (A).
3. If, as the third possibility, a fraction of a mole of 

formaldehyde should react according to equation (0.), and the 
remainder of the mole according to (B), then a net evolution 
of more than 0.5 but less than two moles of hydrogen would
be obtained, because the methyl alcohol formed in conformity 
with equation (B) would not react to yield hydrogen.

Nov/ since In the actual experiments performed, 0.2 
mole of formaldehyde yielded more than 0.1 but less than 0.4 
of a mole of hydrogen, the occurrence of all three of the re­
actions (B), (C), and (D), was indicated.

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



- 31 -

In summary, the equations for three inter-related re­
actions must be taken into account, namely,

2HCH0 + HONa - HCOONa + CHgOH (B)
ECHO + HONa -» HCOONa + H*t (C)
HCOONa + HONa -* NasC03 + Hgf (D)

Equation (B), which is the Gannizarro reaction, is held to
be concurrent with equation (C), which represents the direct 
liberation of free hydrogen from formaldehyde. Equation (D)
Is then consecutive to both equations (B) and (G). It repre­
sents the conversion to carbonate of the formate formed 
through the occurrence of the reactions represented by the 
equations (B) and (C).

Wherefore, to determine the extent of the occurrence 
of each of the three reactions (B), (G), and (B) under 
various experimental conditions, three runs, I, II, and III, 
were conducted in duplicate. The source of formaldehyde in 
runs I and II was trloxymethylene; In run III, formalin 
solution. The reaction-mixtures In runs II and III con­
tained piperidine.

In runs I, 0.2 mole of trloxymethylene was heated with 
the thirty-five normal alkali solution for 16 hours at 250°C.

In runs II, in addition to the alkali and the 0.2 
mole of trloxymethylene, there was added five cc of piperi­
dine. This reaction-mlxture was also heated for 16 hours 
at 250°C.

In runs III, 15 cc of formalin solution, analyzed in 
accordance with the acidimetric method of Williams (14), was
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dropped from a constant-pressure Walther funnel Into the 
standard concentrated sodium hydroxide solution, contain­
ing 5 ec of piperidine, over a period of 2Q hours while 
maintaining the temperature at 215°C.

In order to calculate the extent of the occurrence 
of the reactions (B), (€), and (13), the experimental data 
obtained by the methods of analysis for hydrogen and car­
bonate given in Section IIIB, was correlated according to 
the following mathematical development:

If c moles of sodium carbonate and h moles of hydrogen 
are formed from k moles of formaldehyde, then the number of 
moles of hydrogen formed in accordance with equation (G) is 
given by the quantity (h—*c), so that the percent of the 
total formaldehyde, $(G), reacting in accordance with equation 
(G), is given by the equation,

= 100 (h—  c)
k

The percent of the total formaldehyde used up by the Gannizarro 
reaction (B), %(B), can then be obtained from the following 
equation:

%{B) = 100— #(C).
The percent occurrence of reaction (D) to form sodium car­
bonate must be based on the total number of moles of formate, 
t, available through the occurrence of (B) and (0). The 
quantity t is the sum of (h— c), the moles of formate resulting 
from the occurrence of (C), plus half the number of moles of 
formaldehyde which react according to equation (B), that is,
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k— (fa.—  c)
. Hence

k —  ( h — c )  t = h — c + --- £------
2

k + (h— c)

It follows that the percent of the total formate reacting in 
conformity with equation (D) Is given by the equation,

The data as correlated in accordance with this development is 
presented in the following Table II:
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TABLE XI

Experimental data based upon the reaction of formaldehyde according to equations (B), (C), and {D):
2HCH0 + HONa - HCOONa + CH.OB (B)
ECHO + HONa - HCOOla + H*T (C)
HCOONa + HONa- NasCOs + Hst (D)

1 2 3 4 .. 5.. .6.....:

Run Temp.and
Time

CHgOused(moles)
(!)

Hsfound (moles) Eq.’s C and D 
(*)

Nag C0S found (moles) Eq. D
(c>

CHgO (moles) 
Eq. C (h— c)

la 250°16 hrs. 0.2000 0.0798 0.0763 0.0034
lb 250°16 hrs. 0.2000 0.0819 0.0794 0.0025
I la 250°16 hrs. 0.2000 0.0392 0.0251 0.0141
lib 25016 hrs. 0,2000 0.0372 0.0279 0.0092
Ilia 21520 hrs. 0.1954 0.1368 0.0220 0.1148
II lb 21520 hrs. 0.1954 0.1424 0.0206 0.1218

. 7 8 9 .11 12 .

Run
CHgO 
(moles) Eq. B 
k— (h— c)

HCOONa 
(moles) Eq. D

h )

extent Eq. B
%extent Eq. C

%extent Eq. D

la 0.1966 0.1017 98.3 1.70 75,1 .....
lb 0.1975 0.1012 98.8 1.25 78.5
I la 0.1859 0.1070 93.0 7.05 21.1
lib 0.1908 0.1046 95*4 4.60 19.5
Ilia 0.0806 0.1551 41.3 58.7 14.2
Illb 0.0736 0.1586 37.7 62.3 13.0
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The above data show:
1. That the extent of the occurrence of the reaction

(C) can vary with conditions from 1-62%. The evolution of 
hydrogen according to this equation may be almost zero, as 
In runs I. It is favored to some degree by the presence of 
piperidine, as shown by runs II; and is tremendously increased, 
as in runs III, If the formaldehyde is brought into contact 
with the hot sodium hydroxide solution so slowly that at no 
time is there any large excess of formaldehyde available for 
reduction to methyl alcohol.

2. That the extent of the occurrence of the theoretical 
Cannizarro reaction (B) may vary from 99-38%, decreasing In 
exact conformity with a corresponding increase from 1-62%
in the extent of occurrence of reaction (C).

3* That the occurrence of reaction (D), in the absence
of piperidine to the extent of 75%, and In the presence of
piperidine to the extent of only 10-20%, confirms the re­
sult described under division A of this Section, namely, 
that piperidine inhibits the Interaction of sodium formate 
and sodium hydroxide. Again, as shown by runs III, when 
piperidine is present and at the same time the temperature 
is kept comparatively low (215°C.), then the percent con­
version of formate to carbonate is only 12-14% of the theory 
even after twenty hours of heating.
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The various reactions of formaldehyde with 
alkali noted in hoth previous and present studies, may he 
summarized as follows*.

1. In a 0.5 molar solution of sodium hydroxide, the 
Gannizarro reaction (B) is complete in accordance with a 
one to one ratio of methylate to formate, and no hydrogen 
is evolved. (3)

2. In a 2.5 molar solution of caustic alkali in the 
presence of cupric oxide, hydrogen gas up to 90% of the 
amount theoretically possible Is obtained by the occurrence 
of reaction (C); none of this hydrogen results from the 
conversion of formate to carbonate (Equation D}.(3)

3. In a 35 molar solution of sodium hydroxide, under 
the best conditions, the conversion of formaldehyde accord­
ing to the Cannizarro reaction (B) is almost theoretical, 
hydrogen at higher temperatures evolving from the formate 
which is one of the products. Methyl alcohol, onee formed, 
does not react with the caustic alkali.

4. In concentrated aqueous alkali, the evolution of 
hydrogen directly from formaldehyde according to equation 
(C) Is favored by slow addition of the formalin to the
hot solution, because under these conditions a large excess 
of aldehyde Is never available for reduction to methyl 
alcohol.

5. In fused alkali formaldehyde Is converted quantita-
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tively, in conformity with equation (A), to carbonate and 
hydrogen only.

0. G-lyoxylic Acid (Dichloracetic Acid)

When treated with aqueous alkali, glyoxylic acid 
undergoes the Cannizarro reaction to form oxalic and gly- 
eollic acids (15). fhe following reaction-mechanism scheme 
may he drawn up to represent the action of alkali on gly­
oxylic acid. It is entirely parallel to the scheme pre­
viously developed for the mechanism of the Cannizarro re­
action of formaldehyde:

CHOCOONa + HONa (G00Na)8 + 2H (a)
CHOCOONa + 2H -> CH8QHCOONa (h)

£(a,b)2CH0C00Na + HONa - (COOHa)s + CH*OHCOONa (A).
Equation (A), the summation of a and b, is the Cannizarro
reaction as applied to glyoxylic acid, while equation (B)

CHOCOONa + HONa -* (CO0Na)s + H8t (B)

is the same as (a) save that in (B) the liberated hydrogen 
gas, for purposes of this discussion, is represented, not 
in statu nascendi, but as free hydrogen, Hs.

Since glyoxylic acid was not available as a reagent, 
and since dichloracetic acid reacts quantitatively with 
thirty-five normal sodium hydroxide solution in conformity 
with the following equation,

CHClgCOOH + 3HONa -* CHOCOONa + 2HS0 + 2NaCl (C),
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dichloracetic acid was used in this investigation as a sub­
stitute reagent equivalent mole for mole to glyoxylic acid.
In the further discussion, dichloracetic acid will be both 
regarded and referred to as glyoxylic acid.

When dichloracetic acid was treated with the standard 
thirty-five normal alkali, the reactions occurring led to the 
formation of sodium oxalate and sodium glycollate according 
to equation (A), and of sodium oxalate and hydrogen according 
to equation (B). It was found in separately conducted ex­
periments that neither sodium oxalate nor sodium glycollate 
reacted with the sodium hydroxide solution. In separate ex­
periments It was also found that piperidine reacts with di­
chloracetic acid to form a tarry material, so that the effect 
of piperidine on the reactions (A) and (B) could not be 
studied.

In order to determine the extent of the occurrence 
of reactions (A) and (B), two runs were made, I In duplicate, 
II a single run.

Runs I 7/ere carried out by simply mixing, in the cold, 
350 grams of sodium hydroxide, 88cc of water, and 0.1786 
moles, or 15 cc, of dichloracetic acid. Without the applica­
tion of heat hydrogen was spontaneously evolved, and comple­
tion of the interaction was shown by the cessation of its 
liberation, lo record was found that described the libera­
tion of hydrogen by the action of sodium hydroxide solution 
on dichloracetic or glyoxylic acids.
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In runisll, 0.1786 moles, or 15 cc, of dichloracetic 
acid, was added drop 637 drop, during eight hours, to the 
standard caustic solution, at a temperature of 236-240°0.

The resulting data, determined "by analytical methods 
previously described, was correlated with equations (A) and
(B) in the following manner:

2CH0C00Na + HONa -» (C00Na)g + GHsOHCOONa (A)
CHOCOONa + HONa (C00Na)s + Hst (B)
If h molesoof hydrogen and o moles of oxalate are 

formed from k moles of glyoxylic acid, then the percent of 
the total glyoxylic acid, $(B), reacting according to equa­
tion (B), is given by the formula

%(B) lOGh
k .

The percent of the total glyoxylic aeid, *U), reacting in 
conformity with equation (A), Is represented by the formula

JC(A) = gO°<.p-h).

where the quantity (o—  h) Is the number of moles of oxalate 
formed in conformity with equation (A). The data so inter­
preted is shown in the following Table III:
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Experimental data "based upon the reaction of 0.1786 moles of glyoxylic acid (resulting from dichloracetic 
acid) in conformity with equations (A) and (B):

2CH0GGQNa + HONa - (COONa)g + CHgOHCQONa (A)
CHOCOONa + HONa -* (COONa)s + H8t (B)

.1 2 3 4 5 6

Run
Temp.and
Time

Ha found (moles) 
Ecu B 
h

Total(COONa)gfound
(moles)

0

(COONa)g for 
Eq. A 
(moles) 
o— h

GHgOH- COONa 
found 
(moles) 
Eq. A
£

la cold 0.0347 0.1049 0.0702 0.0755
lb cold 0.0281 0.1022 0.0742 0.0779
II 240°

.2L.hr_s.._ 0.0952 0.1251 0.0299

— 7„.—  ____8________________ 2_______________10___________12.

Run Ratio (o— h):g
theory 1 : 1

%extentA
%extentB

%extent
A+
%extent
B

la 1 : 1.07 78.6 19.4 98.0
lb 1 1.05 83-1 15.7 98.8
II 33.5 53.3 86.8
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The following comments are pertinent to the data in 
the above Table III:

1. The occurrence of reaction (A) is demonstrated by 
the approximately one to one ratios (Column 7) of the pre­
viously defined quantities (o— h) and g. The occurrence of 
reaction (B) follows from the evolution of hydrogen accom­
panied by the formation of an equivalent quantity of sodium 
oxalate.

2. In runs I, the extent of the occurrence of reaction 
((A) is about 80$ theory; of (B), about 20$ theory. The sum­
mation of these percentages, by its near approach to 100$ 
(Column 10), supports the reaction-mechanlsm scheme postula­
ted, since, within the limits of experimental error, all of 
the glyoxylic acid used Is accounted for in terms of the pro­
posed equations (A) and (B).

3. In run II, as contrasted with runs I, the yield of 
hydrogen in accordance with reaction (B) is very markedly 
Increased from 16 to 53 percent by adding the aldehyde 
CHOCOQH to the hot caustic solution so slowly that a large 
excess of it Is never available for reduction to sodium 
glycollate in conformity with the intermediate reaction, 
equation (b).

4. Hie reaction of glyoxylic acid with thirty-five nor­
mal alkali parallels the reaction-scheme already developed 
for formaldehyde. The extent of occurrence of the reactions
(A) and (B) varies with experimental conditions within the
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rather wide limits of 83-3:5 and 16-53 percent respectively, 
just as the parallel reactions (!’} and (B1) with formalde­
hyde

2OHsO + HONa -» HCOONa + CHaOH (A1)
CHsO + HONa HCOONa + Hat (B*)

varied in the extent of their oecurrencS, as has "been des­
cribed in division B, from 100-38 and 1-62 percent respect­
ively.

D. Ethylene Glycol

The reaction of ethylene glycol with fused caustic 
alkali has already been discussed in detail in Section II, 
wherein was presented a reaction-meehanism scheme, which is 
repeated below. This scheme postulates that a molecule of 
glycol is equivalent in its reaction with the fused caustic 
alkali to one molecule each of formaldehyde and methyl al­
cohol, thus:

CHg0HCHs0H = = CHgO + CHa0H (a)
CHgO + 2H0Na -«► lasCOa + 2Hat (b)
CHa0H + 2HQNa -> Na8COa + 3H8f (c)

(̂a,b,c) CHgOHCHgOH + 4H0Na - 2NasC0a + 5Hgf (A)
However, when glycol reacts with thirty-five normal 

sodium hydroxide solution, It is found that under these con­
ditions the glycol does not react as noted in equation (a); 
that is, the carbon-carbon bond is not broken, for, while 
the oxidation of the glycol does occur, it extends only to
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the sodium glycollate stage, with the evolution of two moles 
of hydrogen per mole of ethylene glycol, according to the 
following reactiom-mechanism scheme:

CHgOHCHgOH + 2H0Na -* CHgOHC(OH)(ONa)g + 2HS (d)
GHaOHG(OH)(ONa)s -» CHgOHCOOMa + HONa (e)

^(d,e) CHgOHCHgOH + HOMa -* CHgOHCOOMa + 2Hst (B)

In order to determine the extent of the occurrence 
of reaction (B) both in the presence and in the absence of
piperidine, two runs, I and II, each in duplicate, were
conducted, using 0.1052 moles of ethylene glycol in the 
thirty-five normal sodium hydroxide solution. To the re­
action mixtures in runs II there was added 5 cc of piperidine. 
The reaction mixtures were maintained at 250°C. for ten hours, 
at the end of which time the evolution of hydrogen had ceased 
in runs I, while in runs II there was noted no evolution of 
hydrogen whatsoever.

The extent of occurrence of reaction (B) in runs I 
in the absence, and in runs II in the presence, of piperidine,
is shown by the data in the following Table IV, which was de­
termined by methods previously described in Section III:

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



- 44 -

TABLE IV
Experimental data Based upon the reaction of
0.1052 moles of ethylene glycol according to equation (B): CHsOHCHeOH + HONa - CHgOKCOOla 
+ 2Hg t.

1 2.... 3 ...4. 5 6 7 r

Run
(CHsOH}s
remain­
ing(moles)

CHgOH-
COOIa
found(moles)

CHs0H-
COOIae!/°theory

Hs
found
(moles) %theory

Ratio
CHgOH- 
COONa:Ks(theory 1:2)

la 0.1048 99.6 0.1996 94.9 1 : 1.91
lb 0.1043 99.1 0.2026 96.3 1 : 1.94
I la 0.1064 0.00 00.0 0.00 00.0
lib 0.1065 0.00 00.0 0.00 00.0 ---------

. In the above data, the percent theory yields of the 
sodium glycollate and hydrogen agree within the limits of 
experimental error, that is, the ratios of glycollate to 
hydrogen are one to two. Therefore it is evident that the 
reaction occurs in conformity with equation (B). However, 
while in runs I better than 95$ of the glycol reacts with the 
sodium hydroxide according to equation (B), in runs II the 
extent of the occurrence of reaction (B) is reduced to zero 
by the presence in the reaction mixture of only 5 cc of 
piperidine. At the end of the ten hour period of heating, 
no hydrogen had been evolved and no sodium glycollate was 
found In the reaction mixture. The glycol remained unchanged 
in the reaction-mixture and was quantitatively accounted for
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by the permanganate-oxalate procedure described in Section III.

E. Glycerine

From the reactions of glycerine with widely varying 
quantities of sodium hydroxide, various investigators, em­
ploying various reaction-temperatures ranging from 200-500°, 
have obtained the following reaction-products: hydrogen, 
methane, liquid defines, propylene glycol, ethyl, propyl, 
Isopropyl, methyl, and allyl alcohols, and the salts—  
sodium carbonate, acetate, propionate, butyrate, formate, 
oxalate, lactate, and acrylate (16-23).

Fry and Schulzi2reacted glycerine with a large excess 
of fused sodium hydroxide at 450°C. under conditions in­
suring the complete interaction and collection of all the 
products, and thereby obtained data indicating that of the 
total amount of glycerine used, 21$ reacted according to 
the following equation (A) and 78$ in conformity with the 
following equation (B):

C8Hb(0H)s + 6H0Ha -* 3 Na8C03 + 7Hst (A)
C3H5(0H)3 + 4H0Ia 2Na8C03 + 3H«t + CH4t + Hg0 (B)

A review of the method of deriving equations (A) and
(B) by application of the rule and principles described in 
Section II, and illustrated by the reactions of ethylene 
glycol, is now pertinent to the discussion of the reactions 
of glycerine with concentrated aqueous alkali solution.

“In equation (A), 21$ of the glycerine used was com­
pletely oxidized to carbonate with the liberation of seven
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molecules of hydrogen from one molecule of glycerine. The 
rule directly applied calls for fife molecules, tout here the 
glycerine molecule is apparently equivalent in its reaction 
to one molecule of methyl alcohol plus two molecules of form­
aldehyde, the former according to rule yielding three, while 
the latter yields four, that is, a sum total of seven mole­
cules of hydrogen as actually determined. This fact is sum­
marized in the following reaction-scheme:

C3Hs(OH)3 =Q= CH30H + 2GHS0 (a)
OHaOH + 2M0H - MgCOs + 3H»t (h)
2CHgO + 4M0H 2MsC0a + 4Hst (c)

$(a,b,c) C3Hs(0H)3+6MOH - 3M2C03 + 7Hgt (A)
’’Furthermore, according to equation (B), 78$ of the 

glycerine used was not completely oxidized to carbonate, since 
some of its carbon was liberated as methane, that is, one 
molecule of glycerine yielded one molecule of methane and 
three molecules of hydrogen. To account for the liberation 
of methane, the rule requires that the glycerine molecule 
must react as if it were equivalent to other molecules, one 
of which embodies a methyl radical. Such would be the ease 
provided that the glycerine underwent an oxidation-reduction 
change. This is readily conceivable in terms of the type 
reaction, BH + BOM -*• ROM + 2H, which may involve a hydrogen 
atom at an end carbon of the molecule. The hydrogen so 
formed is not necessarily liberated, but effects the re­
duction of a (CHsOH) radical at the other end of the mole-
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cule, forming a (CH3) radical, thus: R0HSOH+2H -»> RCH3+H80.
This oxidation-reductlon change may he represented thus:
K H H
I I IH-CO-H H — C — 0— H H-G — H
I t IB-C-O-H + HOIa E— C— 0— H + 2K -* HaO + H— C-O— H -I r IH- C - O -H H.—  C 0 —H H—  G—  O— H

. I I IH 0=— Ha 0— Ha

Hj
H— Q— H H H

I I IH— 0— 0 — H + HQHa -* H— C —  C - Q — H + H— C— 0 — Hai II I!H— C H H G
II 0

“Accordingly, the glycerine molecule could reaet as 
equivalent to one molecule of ethyl alcohol plus one mole­
cule of formic acid. As previously shown, and in conformity 
with the rule, a molecule of ethyl alcohol yields one of 
methane and two of hydrogen, while the formic acid molecule 
yields one of hydrogen, that is, a total, as indicated in 
the verified glycerine equation B̂), of one molecule of 
methane and three of hydrogen. This fact is summarized in 
the following reaction-scheme: (4)

CaHB(QK)3 - CHaCHa0H + HCOOH (a)
CH3CH80H + 2MQE - M8C03 + CH4 + 2R8 (h)
HC0QH + 2M0E M8G03 + He0 + H8 (c)

i(a,h,c) C3Hb(©H)3 + 41GH -*2MsC0a+ CH* + 3HS + HSG (B)“.
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By the further application of the principles illustra­
ted in the above quotation, the following reaction-schemes, 
accounting for the formation of certain intermediate oxidation 
products of glycerine, may he derived:

If glycerine should he oxidized hy caustic al&all to 
glyceric acid, four atoms of hydrogen wouH he available, thus: 

CHgOHCHOHCHgOH + 2H0Ia - CHgOHCHOHC(OH)(Ola)s + 4H (g)
CHgOHCHGHG(OH) {ONa)g -> CHgOHCHOHCOONa + HOKa (h)

(̂g,h) CHgOHCHOHCHgOH + HONa -* CHgOHCHOHCOONa + 4H (C)

These four atoms of hydrogen might he liberated as two mole­
cules of hydrogen gas, as shown in equation (D), wherein hydro­
gen is represented hy the molecular formula, H8, thus:

CHS OHCHOHCHg OH + HONa -* CHgOHCHOHCOONa + 2H8t (D).

On the other hand, two of the four hydrogen atoms might reduce 
glyceric acid to lactic acid (equation E), or to hydracrylic 
acid (equation F), and only the other two atoms he liberated 
as one molecule of hydrogen gas, thus:

CHgOHCHOHCOONa + 4H - CHgCHOHCOONa + Hg0 + Hat (E)

CHgOHCHOHCOONa + 4H -* CHgOHCHgCOONa + H80 + Hst (F)

It is further possible that all four hydrogen atoms might be 
active in reducing glyceric acid to propionic acid, with the 
result that no hydrogen gas would he liberated, as indicated in 
equation (G-):

CHgOHCHOHCOONa + 4H CHgCHgCOONa + 2HSQ (G)
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The further reaction of the sodium hydracrylate 
formed in equation (P) to yield sodium carbonate and 
sodium acetate could occur according to the following scheme:

CHgOHCHgCOONa + 2H0Na - C(ONa)8(OH)CHgCOONa + 2Ha (i)
C (ONa) 8 (OH) CHe COONa —*C00NaCHsCOONa + HONa ( J )
COONaCHg COONa + HOHa - Ba8COa + CH3C00Ka (k)

^i,j,k) CH8OHCHgCOONa + 2H0Na -* Na8C03 + CHaCOONa + 2Hgt (H)

On the other hand, the further reaction of the sodium 
lactate formed according to equation (E) to yield also the 
same products, sodium carbonate and sodium acetate, according 
to the identical surnmation-equation (H), could occur as 
follows:

CHgCHOHCOONa + HONa ■* NagCOg + CHgCHgOH (m)
CHgCHgOH + 2H0Na - CHaC(OH)(ONa)s + 2Ha (n)
CHaC(OH)(ONa)g______ - CHaCOONa + HONa (o)

(̂st,n,o) CHaCHOHCGONa + 2H01a -* Na8C0a + CHaCOONa + 2Hst (H).
In preliminary runs It was found that glycerine re­

acts with thirty-five normal sodium hydroxide solution at 
250° with the evolution of hydrogen and the formation of 
sodium carbonate, sodium acetate, sodium propionate, and 
sodium lactate. It has just been shown how the application 
of the general type reaction to the glycerine molecule may 
serve to explain in terms of reaction-mechanlsm schemes the 
formation of each of these reactlon-products.

The above summation-equations, (C), (E), and (H),

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



- 50 -

according to which these several products are formed, may 
now he resolved into two other equations, (J) and (K), which 
will serve to correlate the quantitative yields of the sever­
al reacticm-products with the extent of occurrence of the 
postulated reactions.

Accordingly, the formation of sodium lactate with 
evolution of hydrogen may he represented hy equation (J), 
the summation of equations (C) and (E), thus:

CHaOHCHOHOH*OH + HONa -> CHgOHCHOHCOONa + 4H (C)
CHgOHCHOHCOONa + 4H GH3CH0HC00Na + He0 + H8 (E)

£(C,E) CHsOHCHOHCHgOH + HONa - €HaCHOHCOQla + Hs0 + Hgt (J)

Furthermore, the concurrent formation of sodium 
acetate and sodium carbonate, also accompanied hy the 
liberation of hydrogen, may he represented hy equation (K), 
the summation of equations (J) and (H), thus:

CHgOHCHOHCHgOH + HONa - CHsCHOHCO0Na + HgQ + Ha (J)
CHaCHOHCOONa +2H0Na -» lagC03 + CHaC00Na + 2Hg (H)
CHg OHCHOHCHg OH +3H0Na Na8C08 + CHa COONa + 3Hst (K)

In order to prove the occurrence and determine the ex­
tent of the occurrence of the reactions represented hy the 
equations (J) and (K), both in the absence and in the presence 
of piperidine, three runs, I, II, and III, each in duplicate, 
were conducted with the thirty-five normal sodium hydroxide 
solution. Piperidine (5 ce) was used only in runs III. The 
reaction mixtures in all three pairs of runs were heated for
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ten hours at 250° C., at the end of which time the evolution 
of hydrogen in runs I and II had ceased. In runs III, piperi­
dine present, the rate of evolution of hydrogen was markedly 
slow throughout the entire period of heating, and the total 
volume of hydrogen was only about 1/20 the volume of hydrogen 
evolved in runs I and II during the ten hour period of heating 
allotted to these experiments.

The resulting data, determined by the analytical pro­
cedures previously described, Is summarized in the following 
Table V:
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TABLE V

Experimental data based upon tire reaction of glycerine according to the following equations:
CaH*(OH)a + HONa - CHaCHOHCOONa + Hs0 + Kat (J)
C3Hb(0H)3 +3H0Na - CEaCOONa + NasCOa + Ha0 + 3Hat (K)

1 2 3 4 5 . 6 7
CaHa(GH)s CaHB(0H)a CHa CHOH- NasCOs % %used remain­ COONa found extent extent

Run (moles) ing found (moles) U) (K)
(moles) (moles) Eq. (K)Eq.(J)

la 0.0622 0.0283 0.0289 45.5 46.4
lb 0.0642 0.0299 0.0275 46.6 42.8
,|la' 0.1202 0.0948 0.0348 78.9 29.0
lib 0.1203 0.0959 0.0350 79.7 29,1
Ilia 0.1321 0.1212
Illb 0.1321 0.1231

6 ..3.... 10......11... ..12.. .23.. —14.. ..
% Yield Ha Yield H» Total H« Total Ratioextent (calc.) (calc.; (calc.) Ha Ha foundRun (J) =0 = =0= Eq. (J) found to
+ CH3CHOH- Na8C03 + (K) (moles) Hs calc,e % COONa Eq. \K) (moles) theoryextent Eq. (J) (moles) 1 : 1
(K) (moles) ___

la 91.9; 0.0283 0.0867 0.1156 0.1155 1:1.00
lb 89.4 0.0275 0.0825 0.1124 0.1220 1:0.93
Ila 107.9 0.0948 0.1044 01992 0.1972 1:1.01
lib 108.8 0.0959 0.1050 0.2009 0.1990 1:1.01
Ilia 0.0151
Illb 0 0108
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The above data indicate the following conclusions:

1. The sums of the percent extents of the occurrence of 
the reactions represented by the equations (J) and (K) in runs 
I and II (Golumn 8} are In approximate agreement.

2. The total calculated yields of hydrogen (Column 11) 
available through the occurrence of reactions (J) and (K) are 
practically identical with the total yields of hydrogen found 
(Column 12). The yields of hydrogen found and calculated 
stand to one another as one to one (Column 13).

3. In runs la and b, the percent extents of occurrence 
of reactions (J) and (K) are almost identical, and each is 
less than 50% complete. In mans Ha and b, the percent extent 
of occurrence of reaction (K) is almost three times as great 
as that of reaction (J). This difference may b© related to 
the fact that in runs I the amount of glycerine used was only 
half the amount used in runs II.

4. It is very evident that the presence of piperidine, 
used in runs Ilia and b, inhibits these reactions of glycerine 
and sodium hydroxide, for in these runs more than 90% of the 
glycerine was found to be unreacted at the end of the allotted 
ten hour period of heating at 250°. This Inhibition is further 
attested by a comparison of the yields of hydrogen evolved in 
runs I and II in the absence of piperidine with the yield of 
hydrogen in runs III in the presence of piperidine. Thus in 
the three runs the average yields of hydrogen per mole of 
glycerine stand in the following ratios:
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Runs I 1.9 : 1
Runs II 1.7 : 1
Runs III 0.1 : 1

It is thus evident that the amount of hydrogen evolved in the 
presence of piperidine is only 5-6$ of the amount obtainable 
under the same conditions in the absence of piperidine.

Mote 1: The sum of the extents of occurrence of (J) 
and (K) in runs I (Column 8) accounts for 90$ of the glycerine 
used. Since sodium propionate, in small quantity, insufficient 
to be determined, was definitely shown to be one product of 
the reaction, it may be that the remaining 10$ of glycerine 
in runs I was converted to this salt in conformity with equa­
tion (G-).

Note 2: On the other hand, the sum of the percent ex­
tents of occurrence of reactions (J) and (K) in runs II 
(Column 8), averaging 108$, is considerably over 100$.
This may be explained by the assumption that some of the 
glycerine in these runs remained unreacted, and hence 
participated in the permanganate titration which was con­
ducted to determine the yield of lactate. Glycerine re­
quires for its complete oxidation 3.5 times the volume of 
permanganate needed to oxidize a corresponding molar 
quantity of sodium lactate.
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V

SUMMARY AND CONCLUSIONS

The action of a thirty-five normal solution of sodium 
hydroxide upon (A) sodium formate, (B) formaldehyde, (G) gly- 
oxylic acid, (D) ethylene glycol, and (E) glycerine, was 
quantitatively investigated. The application to the structural 
formula of each of these five compounds of the type reaction 
RHn + nMOH -* R(OM)n + nHst, in which the principle of the ap­

parent acidic dissociation of sodium hydroxide is implicit, 
led to the development, for each compound Investigated, of a 
reactioa-mechansim scheme, whence followed a summation-equation 
or equations for reactions whose occurrence and the extent 
thereof were correlated with the experimental data. It was 
found that the presence of piperidine in a reaction-mixture 
inhibited the extent of the occurrence of certain reactions.

The following conclusions are in accord with the ob­
servations made and the experimental data obtained:

A. Sodium Formate
1. Reaction occurred to the extent of 85̂ > of the 

theory according to the equation
KCOONa + HONa -* lasC03 + Hst (A).

2. In the presence of piperidine, this reaction 
(A) occurred only to the extent of 16%.
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B. Formaldehyde
1. Reaction proceeded in conformity with three equations:

2HCH0 + HONa - HCOQNa + CHaOH (B)
HCHO + HONa -* HCOONa + Hgt (O')
HCOONa + HONa - NasCOa + H8t (D).

The concurrent reactions (B) and (C), under various 
experimental conditions, occurred to the extent of 
from 99 to 38$ and 1 to 62$ of the theory, respect­
ively. The consecutive reaction (D) occurred to 
the extent of 77$ of theory.

2. The presence of piperidine had little or no effect 
on the extent of occurrence of reactions (B) and
(C), hut limited the occurrence of (D) to 12-20$ 
of the sodium formate available for reaction.

C. Glyoxylie Acid
1. Reaction occurred in conformity with two equations:

2CK0C00Na + HONa -* (COONa)s + CHgOHCOONa (E)
CKOCOONa + HONa -> (COONa)e + Hsf (F)

The extent of occurrence of these concurrent re­
actions ranged from 83“33 &nd 16-53$ of> the theory respectively, under various experimental conditions.

2. The behavior of this compound in the thirty-five 
normal caustic solution was entirely analogous to 
that of formaldehyde.

3. The Inhibiting effect of piperidine could not here 
be studied because of its extensive reaction di­
rectly with the reagent, dichloracetic acid.

D. Ethylene Glycol
1. Reaction occurred to the extent of 95$ of the 

theory according to the equation
(CHgOH)s + HONa - CHgOHCOONa + 2Hst (G).

2. The presence of piperidine apparently completely 
inhibited this reaction.
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1. Glycerine
1. Reactions proceeded in conformity with two equa­

tions:
C3Hb(0H}3 + HONa - CHaCHOHCOONa + Hst (H)
C3HB(0H)a +3H0Na - CH3COONa + Na8C03 + 3Hst (J)

2. In one run, the average extent of occurrence of 
the reactions represented hy the equations (H) 
and (J) was 46$ and 44$ respectively. In an­
other run, wherein a greater quantity of glycerine 
was used, the extents were 79% &nd 29$ respectively.

3* 7he presence of piperidine limited the occurrence of both reactions (H) and (J) to the extent that, 
at the end of the allotted period of heating, more 
than 90$ of the glycerine was found to be unreacted.
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