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INTRODUCTION

The explanation of the liberation of large amounts
{;gf'hydrogen gas when many organlic compounds react with hot
,f qf'mo1ten sodium hydroxide readily becomes apparent if the
 thermal dissociation of caustic alkall is considered.

| As water is heated, the dissociatlion Into ﬁ and OH
‘Tfincreases rapidly, so that at 100° the value of the dissocia-
:7tién constant is much greater than the value at zero degrees.
fffIf sodium hydroxide be regarded as H O H with one hydregen
. gtom replaced by metal, then on heating, its dissociation,
 ;1133 that of water, ought to increase with rise in tempera-

~ ture. But how would sodium hydroxide dissociate’

Since
iﬁggégium 'has more affinity' for oxygen than hasg hydrogen,
‘ ia$:is ghown by the relative magnitudes of the heats of
,‘ ermation of Nag0 and HgO, it is loglical to assume dissocla-
’;gtgqn into ﬁ and Oﬁa, because only thus can the sodium retain
_Kgﬁé oxygen. It may not be clalmed, however, that this ﬁ
‘;vis'a hydrogen iom, it having been amply demonstrated that
?i §h6 ordinary hydrogen icn is in reality the hydrated oxonium

ifon, HyO. Hence this X should be distinguished by the term
dissociated rather than ionized hydrogeﬁ.‘
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/ Just as with water, as the temperature is ralsed, the
P;¢Qp¢entration of the dissoclated hydrogen from sodium hydrox-
,!i&éfincreases, becoming finally sufficient to effect the
ifbcéurrence of many interesting reactions between organic
‘;éémﬁeunds and hot alkeli. If in addition to the tempera-

5 ﬁure required to produce dissociation, the alkali is also
- '~"ﬁ“?‘v“a§x,»,6ught into the liquid state by fusionm, so that reaction

‘mixtures will be homogeneous, then guantitative reactions
f éécnr that are explicable only ch the basis of the disso-
f ¢iation of hydrogen from the fused alkali. |
S Since the year 1923, Fry and his co-~workers hgve
;:Qafried out investigations of the actlion of caustie élkalies
ff;h_the fused state(l), in methyl alcohol solution és‘éodium
;,ggﬁhylate(z), and in aqueous solution(3), upon relatively
]:éimyle aliphatic compounds, with the view of obtalining
f,:é;;é.nutative data to prove both the nature and the extent
 béf]the occurrence of certain postulated reactions in re-
‘lation to the mechanism of the oxidations that take place.
‘gm§a equations repregenting these varicus reactions were
f&ﬁéﬁ&d upon two typical equations, thus:

e R(H), + n MOH - R(OM), + n He

R(GH,)n + n MOH - R(OM) + n CH,
; whefe M is Na or K, and R(OM)n is either an alkall formate

5gaﬁ carbon&te.
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The underlying hypothesis proposed was the assumption
,1£hat~the caustic alkalies in the fused state undergo acidic
;&aﬁgéociation thus: '
MOH e H + OM.
fThis hydrogen then combines with the hy&rogen atoms or methyl
f*groupa of the organic compound, thereby liberating gaseous
 &&&rogen or methane while the carbon compound is oxidized,
,usﬁally yielding, with fused alkali, sodium carbon#te; at
f,in methyl alcohol solutiom, sodium formaste; and in agueous
”solatien, various salts. '"When hydrogen is not liberated,
Tthe~carbon compound suffers both oiidation and reduction
igéncomitantly.“(&)

o As previously stated, it was found that the mechan-
_;iem of certaln reactions oceurring in sodium hydroxide
;fééiuticn could be explained by assuming the acidic dissocla-
ltigﬁ of caustic alkali.

| Fry and Cameron (2) proposed the follaming‘equaticns
;tto represent the mechanism of Klinger's reaction, which
3Qccnr;'in methyl alcohol solution:

3CHgONa + 3HgO - 3CHgOH + 3HONa
3GH;QH + BHONa *BHGOQN& + 12H -

,l{{a,,'b c) 4CgH-NO, + 3CHsONa ~ 2(CgHgN)pO + 3HCOONa + 3HgO

‘ Equation (A), the summation of a, b, and ¢, Was shown to occur
‘:ta,the extent of 88% of the theory for the amount of nitroben-
 zeme taken. The yleld of sodium formate agreed quantitstively
}wathvthe yield of azoxybenzené. It will be noted that equaiion
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b, involving the acidlc dissociation of sodium hydroxide, 1is
‘an example of the general equation
| R(H)p + n MOH - R(OM)y, + n Hg.

1HQwﬂver, in thig system, the hydrogen 1s not liberated, but is

-ﬁéed for the reductién of the nitrobenzene.
, Fry and Treon (3) developed & complete mechanism for

an oxidation-reduction reaction between nitromethane and

 é§ueous sodium hydroxlde solution, as follows:

T CHgNOg + 3HONa > C(ONa)gNOg + 6 H
C(ONa)sNOp + 6 B - C(ONa)gNHp + 3HgO
C(ONa)sNH, + HONa - C(ONa), + NH,

; C(ONa), + He0 ~ NagCOs + 2HONa
'ila,e,f,g) CHgNOg + CHONa - NagCOs + NHg + HgO

‘Eére agaln, eQuation 4 exemplifies the general reaction re-
:é&lping from the acidic dissociation of sodium hydroxide.
‘Equation (B), the summation of &, ¢, £, end g, Was quanti-
:tati?ely verified, and similar reaatioﬁ schemes were de-
veioped and verified for nitrourea, nitroguanidine, and
‘nitrobarbituric acid.

~ Price and Uber, with Fry (3), showed that the
pOaﬁn&zarro reaction occurs sccording to the following
 Béheme, wherein the hydrogen formed according to the type
reaction (h) participates in the consecutive reduction

reaction (1):
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CHgO + HONa - HCOONa + 2 H (h)
HaO + 2 H - CHsOH (1)
i(h 1) 2CH,0 + HONa - HCOONa + CHaCH (c)

:Equatian (Cc), the summation of h and 1, represents
v Gannizarro 8 reaetion.
| In the three exanples clted above, concomitant oxi~-

~dation and reduction occur, and hydrogen is hot liberated.

| However, Price and Uber obtained a quantity of gaseous

hjdrogen when formaldehyde was reacted with agueous sodium
t,hydroxide; that 1s, some of the hydrogen represented by
 équaticn.g was evolved as gas, so that not all of 1t was
fusad for the reduction aecording to equation i. Unpublished
ffdata of F. E, Miller of this laboratory, to be given below,

- showed that a quantitative yield of hydfogen could be obtain-
ed by the action of a concentrated agueous solution of
- - godium hydroxide on sodium formate.

|  ' No other previous accounts have been found in the
*‘literature whieh describe quantitative~stﬁdies of the action
..foconcentrated sodium hydroxide selution upon carbon com~
 pounds in relation to the liberation of hydrogen. Accord-

- ingly, in the present research it wase decided to determine

- whether simple aliphatic compounds containing carbon, hydro-
- gen, and oxygen, will liberate hydrogen from aqueous alkali
. as they do from fused alkall; and if so, whether the nature

- of the reactions and products is in agreement with the

. ype equations proposed above.
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The objects of this investigation, then, may be

fstmarized as follows:

1. To study‘the reactions of carbon compounds with hot
\nébhéentrated’aqueous sodium hydroxide solution, approximately
thirty—fiva normal.

/2. To estimate quantitatively the ylelds of the products
; fcrmed, in order to substantiate both the occurrence and the
igéﬁtent of the occurrence of the reactions ocbgerved.

3. To determine whether or hot the eguationsg, derived
Qgﬁram'the proposed resaction mechanism schenes, are in con-
. formity with the quantitative data obtained in (2).

| 4, To study the effect of an organic base, notably
~:piper1dine, upon the nature and ﬁhé extent of oecurrence

; g£;these reactions.
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II

- GENERAL OBSERVATIONS AND THEORETICAL DISCUSSION

The reaction-mechanism schemes proposed in this study
;nwbive the aclidlc dissoclation of sodlium hydroxide, and
‘£hﬁa‘regard this notably strong base as an amphoteric com=-
pound. It is here pertinent to note, in commection with
'ﬁﬁg concéption of amphoterism, that the strong acids, nitrie
’éﬁdlsulfuric acids, in nitration and sulfonation reactions
,fegpactively, reéet as bases, dissoclating to yleld hydroxyl
'radicals in conformity with the following equations:

¢

Celg.H + HO.NOg - CgHs.NOg + H.OH
CeHi.H + HO.805.0H - CgHg.8505.0H + H.OH

Ihplogical contrast, the strong bases, such as sodium and
~§6tassium hydroxide, in concentrated solution react as
“acids, dissociating to yield hydrogen radicals in conform-
yity.with numerous examples previously cited.

::J | Fry (4) has suggested a rule which has held for all
compounds that have so far been rescted With fused alkali,
~namely that "every hydrogen atom and every methyl radical
fiﬂ‘ﬁnion with a carbon atom, which carbon atom is in turn
Qnited to an oxygen atom, yields respectively'a molééulekcf
hydrogen and a molecule of methane, through its combination

with an atom of hydrogen from the anhydrous fused caustic
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.yaikali (4)." This rule, as well as the type reactian mech-
) éﬁismﬁinvol?ing the apparent aclidiec dissociation eof éodiwm
,;ﬁy&foxide, is directly illustrated as'fallowa:

. [E EHlona

/
=C -+ RagC0y + 2 Hgt

N\ ‘
(5 one
. {H__ Hi ONs
/
=C

N —
’ | g&a %ﬁ ONa
e o o
/

= > NegCOs + 2 CH,t

- HNagCOg + Het + CHyt

7 In many reactions, particularly those with more com-
‘ fplex compound g, the above rule is not directly applicable.
  £hése apparént exceptions to the rule, however, are readily
gvgxplained and correlated with the rule, when the compound
_}%;s~regarded as belng transformed, by internal rearrangement
:¥6f”in$ramolecular oxidation-reduction reactians, into other
~_products, each of which in turn reacts with ﬁé caustic
"fglkali in direct conformity with the rule.

= ~ For example, a molecule of ethylqu”glycel yields
‘with fused alkall five molecules of h&droéén,-whereaa by
strict application of the rule only four would be expected.
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;Invihis particular case, under the thermal and alkaline con-
‘faiiﬁens of the reaction mixture, "the glycol molecule undergoes
an oxidation-reduction change in order to react as one
molecule each of formaldehyde and methyl alcohol. The
7f§fmer according to rule has been shown to liberate two,
“and the latter three, that is, a sum total of five mole-
f?&dlés of hydrogen" (4), the number that is actually ob-
:tgined from glycoi. These faclts are summarized in the
- following scheme:
T CH, OHCHg OH == CHgO + CHaOH (a)

CH0 +  2HONa - NogG0s + 2 Het (D)

| , CHgOH + OHONa - NagCOs + 3 Hat (e)
$le,b,c)  CH,OHCH,OH + AHONa -~ 2NagGOp + 5 He?  (A)

When reactions involving caustic alkali occur in
 3§1&$£&@, hydrcgen.need not be evolved, for, as amply 1l-
lustrated by the discussions of the Klinger, Cannizarro,
*and Nitromethane reactions in the preceding sectiom, con-
:;eemitant oxidation and reduction may occur,

: o The reactions of organic compounds in the fused state
aahd_in the concentrated aqueous medium are usually simllar,
‘in some cases even 1dentical. However, reaction does not
j@pc&r if the solutlion of sodium hydroxide is too dilute,
 iﬁa1cating that the preaéﬁce of too m&ch W£ter ﬁill'tavor

the normal dissociation into sodium and hydroxyl ions.

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



- 10 -

Some general differences, of degree rather than kind,

Nwere noted when the reactions in the two media were compaved.
1}By fused alkali, under proper conditions, most compounds are

aoxidized to sodium carbonate with the liberation of hydrogen

 Qr methane or both. In the aqueous medium the liberation of

ﬁkmathane wa e never obsérved, and oxidation geldom proceeded to
"%héiéarbonate stage. HMurther, many compounda'that react with
. fusédAalkali do not react in the agueous medium.
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111

APPARATUS, PROCEDURE, AND ANALYTICAL METHODS

A. Apparatus and Procedure
: The purpose of the present investigation was to de-
 §érm1ne the nature and the extent of the occurrence of the
,aréactian of approximately thirty-five normal aqueoug sodium
_’hydroxide solution upon five compoundsg, namely, sodium for-
=fmate, formaldehyde, glyoxylic acid, ethylene glycol, and
1Hsiycerine.
Experimental runs were conducted in duplicate with
| éach compound according to the following general procedure:
i The copper reaction-flask A (Fig. 1) of 700 cc
- capaclty was connected to a meter, Water-cooled, reflux
,1g§ondenser B by a tightly-fitting rubber stopper. A two=-
‘2 heiéd rubber stopper was fitted to the top of the inner
 ‘tabe of the condenser. Through one hole was passed a long
m g1ass tube C, extending three~fourths of the way down into
 £hé condenser, and closed at the end outside the condenser
' by a glass stop-cock. Through the other hole a bent glass
,;qube led to the gas-washing bottle E, which functioned as
1 gﬁéafety—bott1e, whence the gas was delivered into a
‘ gaaometer F—an inverted eight liter carboy, ealibrated in
hhlf-liters, and fitted with a rubber stopper having three
’autlets, G, H, and I. Outlet G allowed the delivery of gas
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from the safetyfbottle E, H permitted the escape of the
_liquid displaced from the gasometer, while through 1 pas-
_#ed a long glase tube by means of which samples of gas
ffca&ld be drawn off for analysis. All necessary rubber
‘ﬁéonnections, pressure-tubing of medium weight, were made
gas-tight by wiring firmly against the glass tubes over
zdwhiéh théy fitted.
o The operation of a run with this apparatus was ac-
complished as follows:

After filling the gasometer with concentrated brine
‘to‘reducé the loss of hydrogen by solution, stop-cock D and

 5crew—c1amp J were closed. Flask A was charged with the re-

‘ﬁaétién mixture, connected to the condenser, and heated in
an oil-bath until a lively and steady, but not too rapid,
?etream of hydrogen was obtained. The bath was brought to
a_éénetant temperature, which was recorded. The flask was
 tﬁéh;heated until no further evolution of hydrogen was
Hnétéd. Tube € was then connected to a compressed alr out-
‘glgt;,stop-cock D was opened, and a stream of air was passed
 thr6ugh the appératus to insure that all the evolved hydro-
 8eh:was finally delivered into the gasometer. The reaction
 @1g;ure remaining in flask A was cooled and diluted until all
"ié&iuble material was dissolved, and then was made up to a
iaéfinite volume of two to four liters. Aliquots of this

”tptal volume were taken for analysis of the quantities of
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vsuhstances formed in the reaction.

“ By removing the safety-bottle E, sealing the glass

pube K, using a rubber tube and a screw-clamp, and then
 fbrcing water from the tap into the gasometer through E
°while the clamp J was open, samples of gas were obtained
~for analysis of ite hydrogen content.
et Such quantities of compounds were used in the charges
kpiaced in flask A as would glve reasonable and convenlent
;ﬂvblumes of hydrogen in the gasometers. It was, of course,
cften’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{deterﬁine the concentration of alkali solutlon that
;ﬁould be required to effect reaction. Towards this end,
'F, E. Miller, in 1931, had, in this laboratory, treated
~ sodiun formate With hot solutions of sodium hydroxide,
  and~1n successive runs increased the amount of alkali by
‘ ¢¢nstant 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

~, ” T3ta1 Cu Heat- Wgt. Wat. Tetal B. P. vVolume
. Run  wvol. turn- ing HCOQNe. HONa 8,868 H

. {ec) ings? time (grams) (grams) (cc) °G. S.T.P.
S (hrs. ) - theory
S 5600 cc
1 250 yes 2.0 17 100 400 124 N.F.
2 " no 2,0 " 150 275 141 N.F,

3 "  yes = 3,5 " 200 400 150 N.P.
4 " 2.5 " 250 480 167 N.F.
5  “ . " %00 480 193  N.F.
6 " " 6.0 " 350 6250 217 5500
‘vzfﬂﬁtes:‘

1. N.F. = "none found"

2. Probable expansion of air in apparatus, 500 ce
3. Qualitative test for carbonate: positive

4, Qualitative test for oxalate: trace only
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Miller's data shows that the concentration of sodium
}hydroxide solution in run gix, 350 grams of alkall per 250 cc
fef;éblutidn, approximately 35 normal, effected practically
,fﬁécretically complete reaction.
  * A supplementary test showed that if 350 grams of
- sodium hydroxide and 88 cc of water were mixed and heated,
fthen’the volume of the resulting solutlion was about 250 cec,
qugthat this concentration corresponded to Miller's run
gsix;~ This mixture yields a clear solution when heated.
4ﬁhdér a reflux condenser, water begins to form a conden-

f ﬁétian-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,

j about 35 normal, was used in all runs.

B. Analytical Methods

This section describes the analytical methods em-
'ﬁplayed to determine the ylelds of the various products of
f reéct1on obtained when the five compounds investigated,
1fﬁﬁmely, sodium formate, formaldehyde, glyoxylic acid,
 ethy1ene glycol, and glycerine, interacted with thirty-
”ﬁfive normal sodium hydroxide solution.
S It was necessary to determine the ylelds of a
number of products, which are listed below in the order

ffin which the analytical procedures are described; the

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



- 16 -

list also indicates the compounds from which each reaction-

 product was obtained:

REACTION PRODUCT \ SCURCE
a. Hydrbgen , Sodium formate, form-

aldehyde, glyoxylic
acid, glycol, glycerine.

 b, Sodium carbonate Sedium formate, form-
' : aldehyde, glycerine.
- ¢. Sodium formate Sodium formate.
: (residual)
- d. Sodium glycollate Glycol, glyoxyliec acld.
| Ethylene glycol Glycol.
(residual) : '
e. Sodium oxalate and
gsodium glycollate. Glyoxylic acid.
- £. Sodium lactate Glycerine.
Glycerine Glycerine.
(residual)

, The method of sampling gas from the gasometer for the
datermination of hydrogen, has been described above., Samp-
¥iihg in every other determination was accomplished by pipet-
tiﬁg aliquots of the reaction mixture, which had previously
been dissolved and diluted to a definite volume. If the
lijquantity of material found in the aliguot was g, then the
5 }§nantity of that material in the reaction-mixture Would be
;fggg, £'being a number which, when multiplied into the volume
~‘fof,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).
»?hé,percent of hydrogen in the gasometer is given by the

 ¢qQétion

F(Hg) = Q667 x contraction
, volume of sample

andvthe volume ¥ of hydrogen at standard conditions formed

,bﬁ the reaction of the compound under inveétig&tion is

kV -~ volume in gasometer x %(Hg) x 273 x P
- 760 x (273 + T)

wheré T 1s the temperature of the gas in degrees Gentigrade,
:andAg’is the pressure on the gas In the gasometer after cor-
 rec£1dns have been applied for the hydrostatic pressure and
1ﬁhe'aqueous tension of concentrated brine. The number of
‘mé&és of hydrogen corresponding to the volume ¥ 1s,°of course,

V']
22,400 .

b. Determination of Sodium Carbonate

Aliquots were treated with excess sulfuric acid, and
the carbon dioxlide evolved was absorbed by ascarite in an
_absorption train as described by Fales (6). The number of

;@51551 E’ of sodium carbonate present in the reaction mixture

f 8 ﬁhenvobtained from the equation

M = g&rams of evolved carbon dioxide x f
: 4k —
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’ It was necessary to determine, by the same method,
 the‘amount of sodium carbonate in the 350 grams of stock
{soaiaméhydroxide used, and to subtract this blank from the
 §§§§; carbonate M in order to obtain the number of moles of
iéé&ium carbonate formed in the reaction. Hence, if a glven
2?eightwg of stock hydroxide ylelded g grams of carbon dioxide,
;fﬁén the number of moles, m, of sodium carbonate present in
350 grams of the stock is given by the equation

m=220X%X8
4 x g

gahd the number of moles of sodium carbonate resulting from

reaction is M+~m.
¢. Determination of Sodium Formate

‘ Aliquots were first treated, according to a sfandard
method (7), with excess hydrochloric acid and mercuric chlor-
kidé~1n the presence of a féw~gfamsaof sodium acetate, then
‘ﬁere‘heated on a water-bath under a reflux condenser for two
itﬁ three hours., The calomel precipitated according to the
éggétion

| HCOOH + 2Hgll, - @HgClé + 00, + 2HCL

Was collected in Gooch erucibles, dried, and weighed. The
Lnuﬁber of moles M of sodium formate present in the reaction
?Qﬁ#inre is then caleulated by means of the formulas

M = welght of HgCl obtained x £
2 X 236.1
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d. Determination of Sodlum Glycollate

Aliquots were subjected to a permanganate-oxalate
procedure modelled after that described by-. Seott~(8) far
;the determination of sodium formate. Scott's~procedure in—
:volves, first, the oxidatlion of the formate with aLkaline
{parmanganate, second, the addition of excess acld and oxalate,
4and third, the titration with further permanganate of the ex-
Jcésé oXalate. In the present applicatlion of this précedure,
fth¢ aliquot, which 18 already alkaline by reason of the large
 63§8£5 of sodium hydroxide used in the original charge, is
ﬂtreatéd with a known excess of standard permanganate solution
~Whi°h 1s about Q0.3 normal in acid titrations, The beaker is
,thén,heated on the hot-plate for two to three hours. When
:egéess gulfuric acid is now added, manganese dioxide pre-
-cipitates, and 1s dlssolved by adding a known excess of an
”approximately 0.25 normal sodium oxalate solution whose
’sfrengﬁh in terms of the standard permanganate has been de-
termined. The determination is finished by titrating the

‘f?XQGSS of oxalate in the now acid solution with the’standard
~,?éfmanganateg In the calculation of the results, the volume
'of permanganate‘equivalent to{the volume of oxalate used is
1$ubtracted from the %otal volume of permanganate required in
the determination. If the remaining volume is ¥V cc of per-
fmgnganate,of normality N, then the number of moles, M, of

lﬁé&dium glycollate present in the reaction mixture, is given
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by the equationm

fxVxNx 0.01633

u = 98 )

L This same procedure was also found to give good re-
1§ﬁ1£s in the determination of ethylene glycol. If an aliquot
;of‘a reaction-mixture containing ethylene glycol was equiva-
,1e§t‘to V' cc of the permanganate solution of normality N,
then the humber of moles, M', of ethylene glycel present in
jthggréaction mixture 1s obtained by the formula

_fxV' x N x 0.0062
B 62 _ .

nf

e. Determination of Sodium Oxslate and Sodium
Glycollate in the Presence. of Each Qther
The reaction-mixtures obtained from the glyoxylic acid

2rqns contained quantities of both sodium oxalate and sodlum
glycollate. The method adopted to estimate the respective
‘éiglaskof these salts was to determine the total guantity of
foxélate rlus glycollate, and then to obtain the yield of
glyécllate by subtracting the amount of oxalate found in &
iéé@gr&te analyeis.
>' :  To put this plan into practise, aliquots were sub-~
fJected to the above described alkaline permanganate oxlda-
ﬁién procedure (d). The net volume Y of N normal perman-
Sénéte required by the sample was then equivaleni to the

8um of the amounits of oxalate and glycollate present.
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When other aliquots of equal volume were tltrated with
the standard permanganate in acid solution (after the addition
paf;¢anganese sulfate), it was found that as long as oxalate
;was present the glycdllate was scarcely attacked by the oxi-
5&izing agent, so that a pink end-point was obtalned which
“corresponded to the oxidation of all the oxalate and but very
1ittle of the glycollate. If the volume v of permanganate of
‘narmalitylg,used in this titratlon is considered to be equiva-
“lent to the amount of oxalate present, then the number of moles
‘cf’qxalate, M, and of glycollate, M', present in the reaction

fﬁixture, are obtained from the following formulae:
vxNxifx 0.067
134
' = (V—~v) x N x £ x 0.01633
98

¥ =

f. Determination of Sodium Lactate

The procedure followed was that described and re-
commended. by Stamm (9) (Engliah translation by R. E. Qesper).
The aliquot, itself alkaline, was pipetted into a
,1érge,excess of 0.1 molar alkaline permangasnate. Under the

 ebﬁdit1on of a large excess of alkaline permanganate, the

 13¢£ate is oxldized to acetate, while an equivalent quantity
foflp@rmanganate is reduced to manganate. After the reaction
~m;£ture has sﬁood for twenty minutes at room temperature,
«éxcéss sulfuric acid and 0,25 molar sodium oxalate are

‘added to the solution, then the determination is finished

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



- 22 -

, bj titrating the excess of oxalate with ¥ cc ef’permangénate
 *offﬁormality N.
| ,‘MN Before calculating the amount of lactate present,
I!thég“blank consumption" is determined as described by Stamm,
't5y §éacting, in the abéence of an aliquot, the same volumes
f§f oxa1ate and permangenate as Were used in the actual de-
 £éﬁ§ination, then titrating the excess oxalate with the
fatandard permanganaté. This "blank consumption", a volume
;éf § e¢c, is less than the volume ¥V cc used in tﬁe actugl de-
Q,t@?ﬁination of lactaté, by the number of cuble centimeters
: 6f the'standard permanganate required to oxidize the lactate
 ain'aéid solution. Hence the amount of lactate in the aliquot
;1é equiva1ent to {(V==Db) ecc of the standard permangénate of
Wnormality‘g, and ihe number of moles, M, of sodium lactate
,5ih5$hé total volume of the reaction mixture follows from
}fﬁhé'formula
i £ x (V—Db) x N x 0.032
128 ’ .

K=

, This same procedure was alsoc found to give good re-
- sulte in the determination of glycerine. If an aliquot of

'ﬂa;reaction-mixture containing glycerine is equivalent to

ce of the permenganate solution of normality N, then the
'inumbér of moles,igf, of glycerine present in the reaction

'mixﬁure is obtained by means of the formula
1 | _ £ x (V—b) x N x 0.00658
92.06

n!
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Iv

EXPERIMENTAL

The experimental section of this thesls resolves itself
5i§§§_five parts, one for each of the five compounds studled,
;ﬁa@ely, (A) sodium formate, (B) formaldehyde, (C) glyoxylic
Jééid; (D) ethylene glycol, and (E) glycerine. BEach section

presentS'

‘, ,‘ l A recapitulation of previous reactions of the compound
1w1th elther fused alkall or caustic solution or both;

;", 2, Tﬁ; equations for the reactions most likely to occur
=éé derived by the application of the fundamental concepts

and reaction-mechaniem schemes previously developed, to the
Jstructural formula of each compound investigated; and

= 3. The correlation of these postulated equations with
ftﬁerexperimental data in relation to both the occurrence

and the extent of the occurrence of the reactlons.
A, Sodium Pormate

o The thermal decomposition of sodium formate yields,
f@epending upon the temperature, varying proportions of
'éodium oxalate, sodium carbonate, carbon monoxide, carbon
dioxide, and hydrogen (10).

' : Fry (11) showed that sodium formate reacts with
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;fuaéd sodium hydroxide according to the equation
| HCOONa + HONa - NagCOa + Hgt (a).

The present study shows that In strong agueous
;Qddium hydroxide solution, sodium formate reacts qﬁantita-
’tively according to this same equation. It is certain
{§ha§71n the aqueous medium sodium oxalate 1s not an inter-
;ﬁé&iate product, even though the abserved guantitative yield

of hy&rogen could be accounted for by the following reaction

fSéheme:

OHCOONa, »> Hp + (COONa), (2)
(COONa)g +2HONa - Hp + 2NagCOg (b)

¢la,p)  2HCOONa + 2HONa ~+ 2Hgt + 2NagCOq (&)

This observation is made because sodium oxalate was shown
-not to react with thirty-five normal sodium hydroxide |
 3¢1uti0n. Hence, if oxalate were formed in the reaction of
'~sedigm,fcrmate with alkali, it would then remain and be
-f¢una in appreciable quantities in the reaction mixture.
‘ But only traces of oxalate could be detected.

’i: Since sodium formate reacts directly with concen-
‘fﬁ§a§ed sodium hydroxide solution imn conformity with equation
(A), the following experiments were conducted to determine
-the effect of the presence of piperidine upon the extent of

ocourrence of this reaction.

The effect of piperidine was investligated because

‘”Mg; Cameron, and Bowman (2) previously showed that the

,}érééenge of the organic bases pyridine, aniline, quinoline,
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manb-“and di-methyl aniline, and isoamyl-amine, increased the
,ékténi of occurrence of the reduction of nitrobenzene to
;jgaé#ybenzene according to the Klinger reaction discussed in

sé;;ion I. It was then thought that these organic bases in-
erféased the extent of the occurrence of the reaction by pro-
_moting the extent of the acidic dissociation of sodium hydrox-
fidé§‘ But preliminary experiments with pyridine present in the
 thirty-f1ve normal aqueous sodium hydroxide solution yielded
ideéreased amounts of hydfogen. This was entirely unexpected.
f‘?b_be sure that the decreased yleld of hydrogen was not due to
: £hé reduction of pyridine by hydrogen, runs were then conducted
~using piperidine in place of pyridine, and again 1t was found

thgt the extent of occurrence of the reaction in aqueous
3golution was decreased, whereas formerly in methyl alcohol
"solution it was increased by the presence of organic bases.
| To quantitatively measure this effect of piperidine,

~tﬁéuruns, I and 11, each 1n duplicate, were conducted using
_13.6 grams, or 0.2 mole, of sodium formate in the standard
iﬁSédiﬁm hydroxide solution. To the reaction mixtures in runs
;%Iifthere wae added 5 cc of piperidine. The reaction-mixtures
~ ﬁ¢re’maintained at 250° for 8.5 hours, at the end of which
’ftime the evolution of hydrogen had ceased in runs I, but
 h0t:in rung II. This shows that the presence of piperidine
Hhad,ﬁefinitely retarded the rate of the reaction. The ex-

,;@ént.cf the occurrence of the reaction (A) in runs I without,

end in runs II with, piperidine is shown by the data in the
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following Table I, which data was determined by methods

fhéféin previously described:

TABLE I

Experimental data based upon the reaction of
0.2 mole of sodium formate according to equa-
tion (A): HCOONa + HON& - NapCO, + Hpt

' NagC0s NagCOs He H,  HCOONa  HCOONa
~Run  found % found %g remain- %
: (moles) theory (moles) theory ing reacted
- ' (moles)
™ 0169 847  0.170 85.0  0.018  90.8
S Ib 0.171  85.3  0.171  85.3  0.015  92.3
. Ila 0.029 144  0.028 140  0.168  16.1
_IIb 0.032  16.2  0.030  15.2  0.164  18.2

The above data shows that, since the peréent theory

,_yiélds of- the sodium carbonate and hydrogen are practically

f{i&éﬂtical, that is, the ratios of carbonate to hydrogen are

'flii;‘it is evident that the reaction occurs in conformity

~.with«eQuation (A). However, while 85% of the sodium formate

reacts in the thirty-rive normal sodium hydroxide solution

'ﬂa‘éc,ording: to the postulated equation (&), the extent of the

- ocourrence of this reaction is reduced to 15% by the presence

fginﬁthe reaction mixture of a small amount, only 5 cc, of

" piperidine.
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In order to explain this inhibitive action of pyridine

’}aggfpipéridine, the following assumption is proposed:
 k v  The equation for the acidic dissoclation of sodium
,ihydroxide may be written=

" HONa = H + ONa
:;§¢w’the organic base RNH may use up the ﬁ s0 that it is no
;:iéﬁger evailable for the liberation of hydrogen from carbon
¥ chpounds by adding the H and ONa to form a salt similar to
éxthe famiﬂar hydrochloride, thus:

‘u RNH + H + ONa - RNHQONa - RNHQ + ON&
fThe H is now replaced by WﬁHg Since it 1is likely that there
,‘Were but traces of H originally present, and since the dis-
»fsociation of the weak acld 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 plperidine would greatly decrease the
kjcancentration of the H dissoclating from the sodium hydroxide
“ by;forming RNHQ, which would then be unable to react to
fliéerate hydrogen from orgenic compounds.

, " Use of the fact that piperidine inhibits or limits
f#ﬁhéJéxtent of the occurrence of a reaction may be made in the
’;iﬁééfpretation of reaction-mechanisms involving reactions of
Vﬁp#é&hic compounds with alkall. For instance, if a system of
fﬁ@;tulated equations should include as an intermediaie product
ﬂ E§§ium formate, or indeed any other compound that Will not
,fréééﬁ with alkali in the presence of piperidine, then simple
 Bddition of this base should permit the identification of the

"fbrmate or other compound in the final reaction mixture.
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B. Formaldehyde

With fused alkali formaldehyde reacts thus (12):
HCHC + 2HONa - NagCQOs + 2Hgt (A).
In aqueous solution, alkseli and formaldehyde undergo
Lithéjfamiliar Cannizarro reaction. Fry, Price, and Uber (3)

 [$&§%9& that this reaction oecurs according to the following

- scheme:
HCHO + HONa -~ HCOONa + 2H (a)
e HCHO + 2H - CHaOH (B)
ﬂa,b) 2HCHO + HONa - HCOONa + CHgOH (B)

"The'actual liberation of hydrogen gas, as first noted by
"Ldéﬁ (13) in 1887, proves the occurrence of an intermediate
: ?§30£1an, equation (a). Whenever the reaction of formaldehyde
 aﬁ&_sod1um hydroxide is accompanied by the liberation of
;_hyarogen, this reaction in the present and subsequent dis-
v §dﬁs10ns will be represented by and referred to as equation
, {§}; wherein hydrogen is represented by the molecular
tcfbrmula, Hg:

| HCHO + HONa - HCOONa + Hgft (¢).

~ It was previously shown (3) that when formaldehyde
‘:i§~bciled with 2.5 normal sodium hydroxide solution contain-
‘iiﬁg‘Cupric oxide, sodium formate and methyl alcohal; copper,
~and free hydrogen are the products of the interactions. The

1gfafmation of these four products was explained by the
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1divisicn.of;the total amount of hydrogen rendered available
by‘the occurrence of (a) into three fractions, one of which
jeffeﬁted the reduction of the remaining formaldehyde to
.méihyl alcohol (Equation b), while another brought about the
ffe&uction of cupric oxide to copper, and the final fraction
wgs,liberated as gas (Equation C). By quantitatively es-
 t1ﬁéLing the amounts of sodium formate, methyl alcochol,
;éopyer, and free hydrogen obtained from a known initial
aﬁauﬁt of formaldehyde, the percent extent of occurrence
%of each of the four reactions leading respectively to the
’férmation of the four produects indiecated, was obtained.

" Consldering now the action of thirty-five normal
‘sodium hydroxide solution upon formaldehyde, the following
'three @ossibilities call for discussion:

L ‘1. If two moles of formaldehyde should react with the
S£anéérd‘th1rty—five normal sodium hydroxide solution to the
:éxtemﬁ of 100% according to the summation-equation (B), then
‘éne-mcle each of sodium formate and methyl alcohol would be
 fofmed. How then would each of these two products react with
Ttﬁgfalkali. Sodium formate readily reacted to give hydrogen
aﬁd sodium carbonate inwconfbfmitybwith equation (D),

o HCOONa + HONa - NagCOs + Hpt (D),
'@szhgs 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>§quation (B}, would yield one mole of sodium formate,
,ﬁﬁiph.in turn reacting according to equatian (D) would yield
;éﬁe ﬁo1e of hydrogen gas.

- “ 2. If on the other hand one mole of formaldehyde should
”reaQﬁ;in the thirty-five normal alkali to the extent of 100%
 3¢qording to equation (C), then one mole each of hydfogen
fiéha sodium formate would be formed,; and, in turn, the mole
,,pf‘formate could then react in conformity with equation (D)
’ﬁfo‘yield one mole each of hydrogen and sodium carbonate.
~_Héhce, it follows that one mole of formaldehyde reacting
;3iQQ%raccording to equatibn (C) would eventually liberate

ggg mcles of hydrogen in accordance with equation (4),

which is the summation of equations (C) and (D), thus:

HCHO + HONa - HCOONa + H, (¢)
ey HCOONa + HONa - NagCOs + Hg (D)
.'Sgggan) HCHO + 2HOMa - NagCOg +2Hgt1 (4).

3. If, as the third possibility, a fraction of a mole of
"formaldehyde should react according to equation (C), and the
‘ rémainder of the mole according to (B), then a net evolution
fyéf,more than 0.5 but less than two moles of hydrogen would

be obtained, because the methyl alcohol formed in conformity
““wizh,equatien {B) would not react to yield hydrogen.

- Now since in the actual experiments performed, 0.2

mole of formaldehyde ylelded more than 0.1 but less tham 0.4

of a’mole of hydrogen, the oécurrence of all three of the re-

gcﬁicns (B), (€¢), and (D), was indicated.
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In summary, the equations for three inter-related re-

‘actions must be taken into account, namely,

2HCHO + HONa - HCOONa + CHaOH (B)

HCHO + HONa - HCOONa + Hgt (¢)
HCOONa + HON& - NaQCOQ + Hg? (D)

gE@Qgtion (B), which is the Cannizarro reaction, is held to
hé;concurrent with equation (C), which represents the direct
i#beration of free hydrogen from formaldehyde. Equation (D)
;is then consecutive to both equations (B) and (C). It repre-
~sents the conversion to carbonate of the formate formed
aﬁhroﬁgh the occurrence of the reactions represented by the
;éqﬁations (B) and (C).

‘ “ | Wherefore, to determine the extent of the occurrence
of each of the three reactions (B), (C), and (D) under
~¥arious experimental conditions, three runs, I, II, and III,
 ?¢re,conducted in dﬁplicate. Ehe-source of formaldehyde in
’runs I'and II was trioxymethylene; in run III, formalin
selution. The reaction-mixtures in runs II and III con-
-ﬁéi@ed piperidine.

il In runs I, 0.2 mole of trioxymethylene was heated with
??he thirty-five normal alkall solution for 16 hours at 250°C.
¢ ti In runs II, in addition to the alkali and the 0.2
‘m¢1e of trioxymethylene, there was added five cc of piperi-
 diné. This reaction-mixture was also heated for 16 hours
at 250°C. | |
R 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 intgythe
;sﬁaﬁdard concentrated sodium hydroxide solution, contain-
’ iﬁg‘5 cc of piperidine, over a period of 20 hours while
jmaintaining the temperature at 215 c.

| - In order to calculate the extent of the ocecurrence
ybffthe reactions (B), (€), and (D), the experimental data
iééﬁained by the methods df analysis for hydrogen and car-
beﬁate given in Section 11IB, was correlated aceording to
fﬁﬁ§~fcllowing mathematical development:

| | If c moles of sodium carbonate and h moles of hydrogen
;éré forméd from k moles of formaldehyde, then the number of
 £01§8 of hydrogen formed in accordance with equation (€) is
igi?en by the quantity (h=c), so that the percent of the
*tétal formaldehyde, %(C), reacting in accordance with equation
Q(C);'is given by the equation,

—~ 100 (h=—c)
%(c) -

fThé‘psrcent of the total formaldehyde used up by the Cannizarro
‘réaﬁtion (B), %(B), can then be obtained from the following
iéﬁﬁgtion:

. #(8) = 100~%(c).
 The percent occurrence of reaction (D) to form sodium car-
:beﬁate must be based on the total number of moles of formate,
'g,gavailablekthrough the oceurrence of (B) and (C). The
-Quantity t is the sum of (h—c), the moles of formate resulting
from the oeccurrence of (C), plus half the number of moles of

formaldehyde which react according to equation (B), that is,
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t:h.—-.c.’.w
2
- k + (h—~c)
2

Ari@”fcllows that the percent of the total formate reacting in
.*éénfarmity‘with equation (D) is given by the equation,
#(p) = 2%

.

~:T#QQQata a8 correlated in accordance with this development is

~ presented in the following Table II:
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TABLE II

Experimental data based upon the reaction of
formaldehyde according to equations (B), (C),

and (D):
OHCHO + HONa - HCOONa + CH4OH (B
HCHO + HONa -+ HCOON& + Hgl EG
HCOONa + HONa- Nag COa + HgT D
1 2 3 4 5 6
| | H ,
Temp. CHg0 fgund N&gcca GHQO '
Run and used (moles) found (moles)
Time (moles) Eq (moles)
« (k) and DE ?h-c)
?c) .
. 250°  0.2000 0.0798 0.0763 0.0034
Ia 16 hI'S. . 3 . . :
b iﬁogrs 0.2000 0.0819 0.0794 0,0025
f 256 ' . ] . » o X 3 . ’
IIa 12 pre, 0.2000 ©0.0392 0.025%1 0,014l
IIb 250 - 0,2000 0.0372 0.0279 0.0092
IIIe 215 0.1954 0.1368 0.0220 0.1148
20 %].'_x_'_.so -
IIIb 215 0.1954 0.1424 0.0206 0.1218
20 hrs.
78 3 011 )
CHLO HCOONa
(moles) (moles) extent extent extent
. Run Eq. B Eq. D Eq. B Eq. ¢ Eq. D
K (hc)  (£)
Ia 7 G,1966 0.10X7 98.3 1.70 75.1
Ib 0.1975 0.1012  98.8  1.25 78,5
Ila 0.1859 0.1070 93.0 7.05 21.1
IIb  0.1908 0.1046  95.4  4.60  19.5
IIla  0.0806 0.1551 41,3 58,7 14,2
IIIb  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
;h&drogen according to this equation may be almost zero, as
1 1h¥runskI. It is favored to some degree by the presence of
. §igér1d1ne, a8 shown by runs II; and is tremendously increased,
‘ ésfih runs III, if the formaldehyde is brought into contact
‘;ﬁ1th the hot sodium hydroxide solution so slowly that at no
t,ti#é;is there any large excess of formaldehyde avallable for
'ireduation to methyl alcohol.

: | 2. That the extent of the occurrence of the theoretical
j:Cannizarro reaction (B) may vary from 99- 387, decreasing in
; exact conformity with a corresponding increase from 1-62%
 1n the extent of occurrence of reaction (C).

, 3. That the occurrence of reaction (D), in the absence
icffpiperidine to the extent of 75%, and in the presence of
ljpiperidine to the extent of only 10-20%, confirms the re-
;aﬁlt described under divigion A of this Section, namely,
J §h§§’piper1dine inhiblits the interaction of sodium formate
~f3§§@scdium hydroxide. Again, as shown by runs III, when

v §£Qef1d1ne is present and at the same time the temperature

9’§gkept comparatively low (215°C.), then the percent con-

jfvérsion of formate to carbonate is only 12-14% of the theory

'feﬁen after twenty hours of heating.
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| The various reactions of formaldehyde with
yiélkali noted in both previous and present studles, may be
féqmmarized as follows:

- 1. In a 0.5 molar solution of sodium hydroxide, the
ﬁGannizarro reaction (B) is complete in accordance with s
~one to one ratio of methylate to formate, and no hydrogen
‘_iédevolved. (3)

2. In a 2,5 molar solution of caustic alkali in the
fpresence‘of cupric oxide, hydrogen gas up to 50% of the
'famaunt theoretically possible is obtained by the occurrence
jqffreaetion (C); none of this hydrogen results from the
;qchversion of formate to carbonate (Equation D).{B)

3. In a 35 molar solution of sodium hydroxide, under
ﬂthé best conditionsg, the conversion of formaldehyde accord-
’*1ng to the Cannizarro reaction (B) is almost theoretical,
 ﬁydrogen at higher temperatures evolving from the formate
'whiéh is one of the products. Methyl alcohol, onee formed,
1 doéé not react with the caustic alkali.

| 4. In concentrated agueous alkalil, the evolution of
‘kjirogen directly from formaldehyde according to equation
(C) is favored by slow addition of the formalin to the
fﬁpt solution, because under these conditions a large excess
; 3f“a1dehyde is never available for reduction to methyl
~alcohol.
. 5, In fused alkall formaldehyde is converted quantita-
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tively, in conformity with equation (A), to carbonate and

;fhydrogen only.
C. Glyoxylic Acid (Dichloracetic Acid)

When treated with aqueous alkall, glyoxylic acid
; ugdergoes the Cannizarro reaction to form oxalic and gly-
:fééliic acids (15). The following reaction-mechanism scheme
f may be drawn up to represent the action of alkali on gly-
T axy1ic acid It is entirely parallel to the scheme pre-
§viously developed for the mechanism of the Cannizarro re~

~action of formaldehyde:

CHOCOONa, + HONa - (COONa)g, + 2H (e)
: CHOCOONa +  2H -» CHgOHCOONa (b)
~ ${a,p)2CHOCOONa + HONa - (GOONa), + CHaOHCOONa (A).

 Equation (A), the summation of & and b, 1s the Cannizarro
reaction as applied to glyoxylic acid, while equation (B)
CHOCOONa + HONa - (COQNa)p + Hgf (B)

| iééthe gsame a8 (a) save that in (B) the liberated hydrogen
yﬁggs, for purposes of this discussion, is represented, not
fliﬁ£5tatu nascendi, but as free hydrogen, Hp.

1':’  _ Since glyoxylic acid was not avallable as a reagent,
ﬂfand gince dichloracetic aclid reacts quantitatively with

f"thirty~five normal sodium hydroxide solution in conformity

:¢with the following equation,
 CHC1,CO0H + 3HONa - CHOCOONa + 2HgO + 2NaCl (C),
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;dichloracetic acld was used in this investigation as & sub-
,Stitute reagent equivalent mole for mole to glyoxylic acid,
  Inkthe further discussion, dichloracetic acid will be both
’kregarded and referred to as glyoxylic acid.

| When dichloracetic acid was treated with the standard

';thirty—five normal alkall, the reactions occurring led to the

ULfofmation 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-
, $eriments that neither sodium oxalate nor sodium glycollate
l:réaéted with the sodium hydroxide solution. In separate ex-
ytppriments it was also found that piperidine reacts with di-
féﬁidracetic acid to form a tarry material, so that the effect
:fcfAéiperidine on the reactions (A) and (B) could not be
' 'fsvtudi ed.
s In order to determine the extent of the oécurrence
of~reactions (A) and (B), two runs were made, I in duplicate,
 :I‘a single run.

: Runs I were carried out by simply mixing, in the cold,
 356 grams of sodium hydroxide, 88cc of water, and 0.1786
moles, or 15 cc, of dichloracetic acid. Without the applica~
fjﬁiqn;of heat hydrogen was spontaneously evolved, and comple-
 i£dnfof the interaction was shown by the cessation of its
flibaration. No record was found that described the libera-
i ti9n of hydrogen by the action of sodium hydroxide solution
Lfon dichloracetic or glyOXylic acids.
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| In run:sII, 0.1786 moles, or 15 cc, of dichloracetic
kacid,bwaé addéd‘&rop by drop, during eight hours, to the

~ 8tandard caustic solution, at a temperature of 236-240°¢C.
S The resulting data, determined by analytical methods
i pfeviously desgeribed, was correlated with equations (A) and
'i(E}“in the following manner:

" 2CHOGOONz + HONa — (COONa), + CHgOHCOONa (A)

CHOCOONa + HONa - (COONa)g + Hat ~ (B)

; IT h molescof hydrogen and g moles of oxalate are
kférmed from k moles of glyoxylic acld, then the percent of
Vthektotal glyoxylic acid, %(B), reacting accordingtto equa-
\ ti§n (B), is given by the formula

%(p) = 100

l;i@e percent of the total glyoxylic aecid, %$(A), reacting in

';cgnformity with equation (A), is represented by the formula

Z(A) = .2_0.9.15{_9::.11.1 :

- 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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TABLE IIT

~Experimental data based upon the reaction of 0.1786
" moles of glyoxylic acid (resulting from dichloracetic
- acid) in conformity with equations (A) and (B):

2CHOCOONa + HONa - (COONa)s + CHgOHCOONa  (A)

CHOCOONa + HONa - (COONa)p + HQT (B)
1 2 3 4 5 6
Temp. Hg Total (COONa)g CHgOH-
and found (COONa), for COONa
Run Time (moles) found Eq. A found
Eg. B (moles) (moles) (moles)
h (] o—~h Eq. A
g

Ia  cold  ©0.0347 0.1049  0.0702 0.0755
Ib  cold  0.0281 0.1022  0.0742 0.0779

240° - :
I1 8 hrs. 0.0952 0.1251 0.0299 PR CR—
7 8 Q 10 11

% % %

Ratio extent extent extent

Run (o—h):g A B A
+
theory %
1:1 extent
S B

Ia 1 : 1.07 T78.6 19.4 98.0
Ib 1. 1.05 83.1 15,7 98.8
1T — 33.5 53.3 86.8
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fa The following comments are pertinent to the data in
. the above Table III: |
e 1. The occurrence of reaction (A) is demonstrated by

, thé approximately one to one ratios (Column 7) of the pre-

' ;vid&81y defined quantities (o—h) and g. The occurrence of
i<,f§action (B) follows from the evolution of hydrogen accom-
Mfé@hied by the formation of an equivalent/quantity of sodium
; Qxalate.“‘ |

N faiie, Iﬁ runs I, the extent of the occurrence of reaction
‘ ‘«5)“is about 80% theory; of (B), about 20% theory. The sum-
:_maﬁion of these percentaées, by its near approach to 100%
”; (éolumn 10), supports the reaction-mechanism scheme postula-

 téd,:since, within the limits of experimental error, all of
‘ffﬁhe glyoxylic acid used 1s accounted for in terms of the pro-
_ pésedfequations (&) anda (B},

i 3. In run II, as contrasted with runs I, the yleld of
v~hydrdgen‘in accordance with reaction (B) is very markedly
"increased from 16 to 53 percent by adding the aldehyde
 ;§30dQG& to the hol caustic solution so slowly that a large
foX§esé of it 1s never available for reduction to sodium
‘fginGllate in conformity with the intermediate reaction,
ﬁégéqpation (b).

‘W :'f'4. The reaction of glyoxylic acid with thirty-five nor-
ﬁ;malvalkali parallels the reactlon-schene already develoged
'f;fof formaldehyde. The extent of occurrence of the reactions

  (AJ<and (B) varies with experimental conditions within the
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- ra£her wide limits of 83-33 and 16-53 percent respectively,
f;jﬁst,as the parallel reactions (A') and (B') with formalde-
hyde
i 2CHg0 + HONa - HCOONa + CHaOH (')
CHgO + HONg - HCOONa + Hgt (B')
5;varied in the extent of their occurrencé, as has been des-
: §i£bed in division B, from 100-38 and 1-62 ﬁercent respect-
liveiy.

D. Bthylene Glycol

4 The reaction of ethylene glycol with fused caustie
-élkali has already been discussed in detall in Section II,
?wherein was presented a reaction-mechanism scheme, which is
;ifeéeated below. This scheme postulates that a molecule of
_glycol is equivalent in its reaction with the fused caustic
 a1ka11 to one molecule each of formaldehyde and methyl al-

_cahol, thus:

CHg OHCHg OH = = CHgO + CHLOH (a)
CHaO  + SHONa - MNagCOs + 2Hgt (b)
e CHgOH + 2HONa -» NagCOg + BHg? (e)
‘izg;b,c) CHpOHCHoOH + 4HONa - 2NagCOs + SHgt (4)

However, when glycol reacts with thirty-five normal
SOdiumjhydroxide solution, it 1s found that under these con-

 &;§§qns the glycol does not react as noted in equation (a);

?ﬁ&gt ié, the carbon-carbon bond is not broken, for, while

Vthé oxldatlon of the glycol does occur, it extends only to
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the sodium glycollate stage, with the evolution of iwo‘moles
of hydrogen per mole of ethylene glycol, according to the

 following reactiom-mechanism scheme:

CHgOHCHZOH + 2HONa - CHgOHC(OH)(ONa)g + 2Hg (a)
 CHLOHG(OH)(ONa)p - CHLOHCOONa + HONa (e)
$(d,e) CHEOHCHgOH + HONa - CH,OHCOONa + 2Hgt (B)

In order to determine the extent of the occurrence
f}@f‘reaction (B) both in the presence and in the absence of
;,pipéridine, two runs, I and 1I, each in duplicate, were
, ¢6nducted, using 0.1052 moles of ethylene glycol in the
7thirty-five normal sodium hydroxide solution. To the re-
’féctﬁon mixtures in runs II there was added 5 c¢c of plperidine.
p Th§ réaction nixtures were maintained at 250°C. for ten hours,
at the end of which time the evolution of hydrogen had ceased
ﬂ ianuns I, while in runs 11 there was noted no evolution of
: hydrogen whatsoever.

£ The extent of occurrence of reaction (B) in runs I
‘in £he absence, and in runsg II in the presence, of piperidine,
gigishown by the data in the following Table IV, which was de-
Z7£érm1ned by methods previously described in Section III:
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TABLE IV

Experimental data based upon the reaction of
0.1052 moles of ethylene glycol according to
equation (B): CHgOHCH OH + HONa -» CHgOHCOONa

+ 2Hgt.
1 2 3 % 5 6 T
o ( CHz OH ) e CHB CH~- CHQ OH" Hg He R&tio
‘Bun remain- COONa  COONa found % CHgOH-

ing found % (moles) theory COONa:
(moles) (moles) theory o H,
(theory 1:2)

- Ia 0.1048 99.6 0.1996 94.9 1: 1.91

L 0.1043 99.1  0.2026 96.3 1 : 1.94
~ Ila 0.1064 0.00  00.0 0.00  00.0
~ IIb  0.1065 0.00  00.0 0.00  00.0  ———r

. In the above data, the percent theory yields of the
i;sddium glycollate and hydrogen agree within the limits of
’iéibérimental error, that is, the ratlos of glycollate to
7hydr¢gen are one to two. Therefore it is evident that the
»#réaction occurs in conformity with equation (B). However,
‘ﬁhile~in runs I better than 95% of the glycol reacts with the
' 9¢&ium nydroxide according to equation (B), in runs II the
,gxtént of the occurrence of reaction (B) 1s reduced to zero
{gbﬁvthe presence in the reaction mixture of only 5 cc of
f}ﬁiﬁeridine. At the end of the ten hour perlod of heating,
l;né ﬁydrogen had been evolved and no sodium glycollate was
3 f6und'in the reaction mixture. The glycol remained unchanged

inythe reaction-mixture and was quantitatively accounted for
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1,]}1:33{'~  1;&€3 permanganste-oxalate procedure described in Section III.
E. Glycerine

’ From the reactions of glycerine with widely varying
1kqdantities of sodium hydroxide, various investigators, em-
: §i§ying various resction-temperatures ranging from 200-~500°,
5?ﬁgva obtained the following reaction-products: hydrogen,

1 methane, liquid olefines, propylene glycol, ethyl, propyl,
i'isOpropyl,~methy1, and allyl alcohols, and the salts—

Sédium carbonate, acetate, proplionate, butyrate, fofmate,
,.d#alate, lactate, and acrylate (16-23).

| Fry and Schulzézﬁgacted glycerine with a large excess
f of:fused sodium hydroxide at 450°C. under conditions in-
ﬂ‘sgring the complete interaction and collection of all the
 (§rcducts, and thereby obtained data indlcating that of the
fitotal amount of glycérine used, 21% reacted according to
:,ﬁgg'following eqﬁation (A)Y and 78% in conformity with the
; fé1loW1ng equatidn (B):
 GgHg(OH), + 6HONa - 3 NagCOs + THgt (4)

‘ CaHg(OH)s + 4HONa - 2NagCOa + 3Het + CH,.t + HgO (B)
| A review of the method of deriving equatlions (A) and
v!(B)kby application of the rule and principles described in
f:ségticn II, and illustrated by the reactions of ethylene
,iglyéol, is now pertinent to the discussion of the reactions
‘de glycer1ne with concentrated aqueous alkali solution.
"In equation (A), 21% of the glycerine used was com-

rletely oxidized to carbonate with the liberation of seven
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}fﬁéié@ules of hydrogen from one molecule of glycerine. The
 *$@1§‘direct1y applied calls for five molecules, but here the
‘ giy§erine molecule is apparently equivalent in its reaction
, ﬁo?Qne molecule of methyl alcohol plus two molecules of form-
1jdldéhyde, the former according to rule ylelding three, while

1?thé 1atter vields four, that is, a sum total of seven mole-~

f7éhles of hydrogen as actually determined, This fact 1s sum-

,méfized in the following reaction-scheme:

CaHg(CH) 4 == CHaOH + 2CHz0 (a)
CHgOH + 2MOH -~ MzC0s + 3Hgt (D)
Cn 2CHgO + 4MOH - 2MyC04 + 4Hgt (e)
";':&éf,:b,c) CsHg(OH) o +6MOH —» 3MzC05 + THat (4)

o "Purthermore, according to equation (B), 78% of the
fgiycerine used was not completely oxidized to carbonate, since
‘Qéemé‘of ite carbon was liberated as methane, that is, one
  $61écu1e of glycerine ylelded one molecule of methane and
aithfee molecules of hydrogen. To aeccount for the liberation
 ;qf methane, the rule requires that the glycerine molecule
fgmﬁét,react as if it were equivalent to other molecules, one
}i6f1Which embodies a methyl radical. Such would be the case

. provided that the glycerine underwent an oxidation-reduction

:ﬁéhénge. This is readily conceivable in terms of the type

 ?réaction, RH + HOM - ROM + 2H, which may involve a hydrogen
 é£dﬁ'at an end carbon of the molecule. The hydrogen so
 if0rmed is not necessarily liberated, tut effects the re-
,ndugtion of a {Cﬁgeﬂ) radical at the other end of the mole-
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cule, forming a (CHg) radical, thus: RCHgOH+2H - RCHga+HgO.

‘This oxldation-reduction change may be represented thus:

H
|
t H~C—0—H
i
" H-C-0-H + HONa -» Hw~?~~o~<a + 2H - HaO +

' 1'35“' CG -H

;H>é~045 H—C— 0 —H

u  §’ érwNa

sﬁwé~ﬁ H H
‘&eémomﬁq-mma - E—é—é—ﬂuﬁ

g E o 5

o
0

"Accordingly, the glycerine molecule

H
|
H-C—H

|
H“?*O“H»
H— G~ O0—H

&
O ~Na

+ He0-Q —Na

could reset as

- equivalent to one molecule of ethyl alcohol plus one mole-

cule of formic acid. As previously shown, and in conformity

x;ﬁith the rule, a molecule of ethyl alcohol ylelds one of

;ﬁméthane and two of hydrogen, while the formlc acid molecule

;Qyields one of hydrogen, that is, a total, as

indicated in

iihe verified glycerine equation (B), of one molecule of

__méthane and three of hydrogen. This fact is
_the following reaction-scheme: (4)

e CoHg(OH) + CHgCHgOH + HCOOH
CHgCHgOH + 2MOH - M, COs + CH, + 2Hg

HCOQH + Z2MOH - Mecca + Hao + Hg

%{a,b,¢) CoHg(OH)s + 4UOH ~2M;CO4+ CH, + 3Hg
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» By the further appllcation of the prineiples illustra-

,ted in the above quotation, the following reaction-schemes,
iaccountlng for the formation of certain intermediate oxidation

produets of glycerine, may be derived:

If glycerine should be oxidized by csustic alkall to

;glyceric acid, four atoms of hydrogen would be avellable, thus:

 CH,OHCHOHCHgOH + 2HONa - CHOHCHOHC(CH)(ONa)s + 4H  (g)
. CHyOHCHOHG(OH)(ONa)s - CHgOHGHOHCOONs + HONa (B)
L€Sg,h) CHo OHCHOHCHgOH + HONa - ¢g,oacnoacsona + 4H (c)

‘These four atoms of hydrogen might be liberated as two mole-
’gﬁlgafof hydrogen gas, as shown in equation (D), wherein hydro-

sgén;is represented by the molecular formula, Hg, thus:
CHo CHCHOHCHg OH + HONa - CHgOHCHOHCOONa + 2Hgt (D).

:én the other hand, two of the four hydrogen atoms might reduce
1giyceric acid to lactic acid (equation E), or to hydracrylic
?ac§& (equat1on F), and only the other two atoms be liberated

a8 one molecule of hydrogen gas, thus:

CHg OHCHOHCOONa, + 4H -» CHaCHOHCOONa + HgO + Hgt (E)
CHgOHCHOHCQONa + 4H - CHoOHCHgCOONa + HgO + Hgt (F)

k"‘;’I'b :Ls further possible that all four hydrogen atome might be
aetive in reducing glyceric acid to proplonic acid, with the
ﬁreault that no hydrogen gas would be liberated, as indieated in
;equation (@):

| CHg OHCHOHCOONa + 4H - CHgCHgCOONa + 2Hg0 ! (@)
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The further reactlion of the sodium hydracrylate

JSOfmed in equation (F) to yield sodium carbonate and

fléééium,acetate could occur according to the following scheme:

CH,OHCH;COONa + 2HONa - C(ONa)p(OH)CHoCOONa + 2Hg (1)
C(ONa),(OH)CHgCOONa  -»COQNaCH,COONa + HONa (3)

| COONaCHg COONe. + HONa - NagCOs + CHgCOONa (k)
ii i,k) CHgOHCH,COONa + 2HONa - NagCOs + CHyCOONa + 2Hgt (H)

On the other hand, the further reaction of the sodium
lactate formed according to eguation (E) to yield also the
;fsame producte, sodium carbonate and sodium acetate, according

:@Qgthe identical summation-equation (H), could occur as

, fdilows:
CHgCHOHCOONa + HONa - NagCOs + CHgCHgOH (m)
CHgCHoOH + 2HONa -+ CHgC(OH)(ONa), + 2Hg (n)
CH,C(OH) (ONa ), - CHgCOONa + HONa (o)

~2{m,n,0) CHgCHOHCOONa + 2HONa - NagCOs + CH3COONa + 2Hgt (H).

In preliminary runs 1t was found that glycerine re-
‘ acts with thirty~f1ve normal sodium hydroxide solution at
5 25Q;Vw1th the evolution of hydrogen and the formation of
 ;$§dium carbonate, sodium acetate, sodium propionate, and
jqudium lactate. It has just been shown how the application
' 6ffthe general type reaction to the glycerine molecule may
 éérve to explain in tepms of reaction-mechanism schemes the
a;férmation of each of these reaction-products.

The above summation-equations, (C), (E), and (H),
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fégégéding to which these several products are formed, may
 §§@§be resolved into two other equations, (J) and (K), which
will serve to correlate the quantitative yields of the sever-
sl reactiom-products with the extent of occurrence of the
 péstu1ated reactions,

; Accordingly, the formation of sodium lactate with
 ev0lution of hydrogen may be represented by equation (J),

the summation of equations (C) and (E), thus:

CHo OHCHOHCHgOH + HONa -» CHgOHCHOHCOONa + 4H (c)

CHgOHCHOHCOONa +  4H - CHgCHOHCOONa + HgO + Hg (E)
'§(G,E)  CHgOHCHOHCHgOH + HONa - CHgCHOHCOONa + HgO + Het  (J)

Furthermore, the concurrent formation of sodium
*agétate and sodium carbonate, also accompanied by the
,iiberation of hydrogen, may be represented by equation (K),
fthe}summation of equations (J) and (E), thue:~

CHgp OHCHOHCHgOH + HONa - CHgCHOHCOONa + HoO + Hg (3)

o CH,CHOHCOONa  +2HONa - NagCOs + CHgCOONa + 2H,  (H)
q€§J¥H) CHg OHCHOHCH,OH +3HONa - NagCOg + CHaCOONa + 3Hgt  (X)

In order to prove the occurrence and determine the ex-
tent of the occurrence of the reactions represented by the
k;,equat.ions (J) and (X), both in the absence and in the presence
of piperidine, three runs, I, II, and III, each in duplicate,
 ﬁere conducted with the thirty-five normal sodium hydroxide
Solution. Piperidine (5 ce) was used only in rune III. The

‘reaétion mixtures in all three pairs of runs were heated for

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



- 51 -

«teﬁth@urs at 250°C., at the end of which time the svolution
'Jé£ pydrcgen in runs I and II had ceaséd. In runs III, piperi-
?;éiﬁé_present, the rate of evolution of hydrogen was markedly
 $1§§ throdghout the entire period of heating, and the total
~ volume of hydrogen was only about 1/20 the volume of hydrogen
 ¥§vd1ved in runs I and II during the ten hour period of heating
 ké11p£ted to these experimente.

| The resulting data, determined by the analytical pro-
 f¢ééurea previously described, 1s summarized in the following

. Table V:
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TABLE V
Experimental data based upon the reaction of glycerine
~according to the following equations:

CaHg(OH)s + HONa ~- CHgCHOHGCOONa + HgO + Hgt (J)
 CgHg(OH)s +3HONa - CH3COONa + NagCOg + HgO + 3Hgt (K)

1 2 3 4 5 6 7
" CaHg(OH)g CaHg(OH)s CHgCHOH- NagCOg % %
R used remain- COONa, found extent extent
Run (moles) ing found (moles) (J) (x)
~ (moles) (molesg Eq. (K)
Eg.(J
Ia  0.0622 0.0283 0.0289 45.5 46.4

Ib 0.0642 ———  0.0299 0.0275 46.6 42,8
SRS 0.0948 0.0348 78.9 29.0
0.0959 0.0350 79.7 29.1

Ifa  0.1202
_IIb  0.1203
IITa 0.1321  0.1212
IITb  0.1321  0.1231

_8 9 10 11 12 13 14
~ % Yield Hgy Yield Hy Total Hy Total Ratio
s extent (calc 3 (calc 3 (calc.? He Hg found
Run  (J) Eq. (J) found to
p + GH30HOH- Nagco + (K; (moles) Hgy cale.
2 % COONa. Eq. ?K (moles theory
extent Eq. (J) (moles) 1:1
(K) (moles)
Ia 91,9 0.028%  0.0867 0.115  0,1155 1:1.00

Ib  89.4 0.0275  0.0825 0.1124  0.1220 1:0.93

ITa 107.9 0.0948 0.1044 Q1992 0.1972  1:1.01

IIb 108.8  0.0959 0.1050 0.2009  0,1990 1:1,01
e » , 0.0151 —

IIIb ' 0.0108
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The above data iIndicate the following conclgsions:

1. The sums of the percent extents of the occurrence of
‘fthe,reacﬁions represented by the equations (J) and (K) in runs
 iséﬁd~II {Column 8) are in approximate agreement.

2, The total calculated yields of hydrogen (Column 11)
yﬁgyailable through the occurrence of reactions (J) and (K) are
- practically identical with the total yields of hydrogen found
f(Golumn 12). The yields of hydrogen found and calculated

iéténd to one another as one to one (Column 13).

3., In runs Ia and b, the percent extents of occurrencs

ofgﬁéactions (J) and (K) are almost identlcal, and each is
jﬂléssrthan 50% complete, In runs Ila and b, the percent extent

of oceurrence of reaction (K) is almost three times as great

' §$ that of reaction (J). This difference may be related to
'iiﬁéﬁféct that in runs I the amount of glycerine used wag only
| ﬁaif the amount used in runs II.

4 It 1s very evident that the presence of piperidine,
 ”&5@& in runs IIIa and b, inhibits these reactions of glycerine
,‘gnﬁ“sodium hydroxide, for in these runs more than 90% of the

’glyéerine was found to be unreacted at the end of the allotted
‘ten hour period of heating at 250°. This inhibition is further
 w§t£ésted by a comparlison of the yields of hydrogen evolved in
QQ%QQQ‘I and II in the absence of piperidine with the yiéld of
H‘hydbogen in runs III in the presence of piperidine. Thus in
 tﬁe three runs the average ylelds of hydrogen per mole of
| glycerine stand in the following ratios: |
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Runs I 1,9 ¢ 1
Rung II 1.7 1
Runs III 0.1 : 1

‘It is thus evident that the amount of hydrogen evolved in the
»présence of piperidine is only 5-6% of the amount obtainable

Munder the same conditions in the absence of piperidine.

Note 1: The sum of the extents of occurrence of (J)
and (K) in runs I (Column 8) accounts for 96% of the glycerine
gﬁed. Since sodium proplonate, in small gquantity, insufficient
,Uto be determined, was definitely shown to be one product of
fﬁhé{reaction, it may be that the remaining 10% of glycerine
ih?funs I was converted to this salt in conformity with equa-

tton (0.

Note 2: Cn the other hand, the sum of the percent ex-

"iénﬁs of occurrence of reactions (J) and (X) in runs II
(Column 8), averaging 108%, ie considerably over 100%.
Thismay be explained by the sssumption that some of the
Lglyéerine in these runs remained unreacted, and hence
‘pérticipated in the permanganate titration whieh was con-
 &@6%9& to determine the yield of lactate. Glycerine re-
ifqi?girés for its complete oxidation 3.5 times the volume of
;péfmanganate needed to oxidize a corresponding molar

- guantity of sodium’lactate.
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SUMMARY AND CONCLUSIONS

The action of a thirty-five normal solution of sodium
Aiﬁydroxide upon (A) sodium formate, (B) formaldehyde, (C) gly-
f&xyiic acid, (D) ethylene glycol, and‘(E) glyecerine, was
quéntitatively investigated. The application to the structural
,fbrmula of each of these five compoundse of the type reaction

 RH, + nMOH - R(OM)_ + mHgt, in which the principle of the ap-

‘:pa#ent acldic dissociatlion of sodium hydroxide 1s implicit,
i;led'to the development, for each compound investigated, of a
f réaetion»mechansim scheme, whence followed a summation-equation
:ier équations for reactions whose occurrehce and the extent
'5ﬁhéréof were correlated with the experimental data. It was
' found that the presence of piperidine in a reaction-mixture
f inhibited the extent of the occurrence of certain reactions.
The following conclusions are in accord with the ob-

 sérvations made and the experimental data obtained:

7 A. Sodium Formate

1. Reaction occurred to the extent of 85% of the
theory according to the eguation

HCOONg + HONa - 1@&2003 + HQT (A).

2. In the presence of piperidine, this reaction
(A) occurred only to the extent of 16%.
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B, Formaldehyde

1. Reaetion proceeded in conformity with three equations:

OHCHO + HONa - HCOONa + CHgOH (B)
HCHO + HONa - HCOONa + Hpt ()
HCOONa + HONa - NagCOg + Hgt (D).

The concurrent reactions (B) and (C), under various
experimental conditlons, 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 theotry:

2. The presence of piperidine had little or no effect
on the extent of occurrence of reactiornis (B) and

(¢), but 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:
2CHOCOONa + HONa - (COQNa)g + CHpOHCOONa  (E)
CHOCOONa + HONa - (COONa)g + Hgt . (R)
The extent of occurrence of these concurrent re-
actions ranged from 83-33 and 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 pilperidine 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 eguation

(CHgOH)g + HONa - CHpOHCOONa + 2Hgt (G).

2. The presence of piperidine apparently completely
inhibited this reaction.
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E. Glyceriné

1. Reactions proceeded in conformity with two equa-
tions:

CaHg(OH), + HONa - CHgCHOHCOONa + Hgt ‘ (H)
CgHg(OH)g +3H0ONa - CHaCOONa + NagCOs + 3Hgt (J)

2. In one run, the average extent of occurrence of
the reactions represented by 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% and 29% respectively.

3. The 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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