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INTRODUCTION

The research to be discussed in this thesis is a
~eontinuation of the work started in this laboratory in 1927
on the action of hydrogen peroxide on simple ecarbon compounds,
‘The first work 1, carried out by J. H. Payne to determine the
effect of variations in the aecidity of the medium upon the
@xidaticn of methyl alecohol by hydrogen peroxide, disclosed

- some startling facts. The amounts of oxidation products
 whiah were recovered were invariably gresater than the amounts
1a&l¢ulatéd from the reactions known to oecur., Zince the

- reasetions investigated were conducted in & elosed system, so
that the amount of hydrogen peroxide added and also that which
- had decomposed to give oxygen were aeeurately known, the only
| ﬁﬁy to account for the variation was to assume that simul-

- taneously with the oxidation reaction, involving hydrogen

_ peroxtde, there were other reactions occurring whieh involved
'tﬁaxformatinn.of reducing substances whose presence had

escaped notiee. This speculation was verified by the dis=—
eovery of hydrogen as one of the reaetion prodmets.

This unsugspected formation of hydrogen had never
 before been recorded in the literature, and it led to &
ivquantitative investigation of the reactions of methyl alcohol,
- formaldehyde, and formic seid with hydrogen peroxide, with

"~Zk§h&jviewmof suggesting & possible mnahaniém.foi the reaction 2.
'Limzeaeh @aségthe products df the reaction were quantitgtively

: &atermined, and the amounts of hydrogen peroxide equivalent
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,vﬁo the amounts of the oxidation products, as caleulated from
\yfha reactions proposed, were found to agree with\the actual
quantities of hydrogen peroxide used, within the limits of
‘axperimental error.
In order to explain this unusual formation of hydro-
’gen,’as well as the usual oxidation reactions, & new type of
reaction mechanism was proposéd, It was called * perhydro-~
kysis v, andlwas defined as " a double decomposition reaction
involving hydrogen peroxide in precisaly the same manner
ﬁham.hydrolysia ig a double decomposition reaetion involving
~kw#$er;" Thus feor the normal oxidation of formaldehyde to
f’ ﬁ0rmic acid, the equation may be writﬁen

H  HO~0H OH H-QH
/ .
0= G\ + — 0 ===O‘< +

H H

To explain the reaction of formaldehyde to give formiec aecid
, aniAhydr0gen required the additional assumption that hydro-

gen peroxide may act eatalytically to liberate hydrogen.

H H
' |
B-LG=0 Q=0 H
| — |+ |
 H-7G==0 ,.e:ff-—-—-a H
[ ﬁ
i H

- This is immediately followed by the perhydrelysis of the
~intermediate product, glyoxal, ?
H—C=0 QH Hﬁ—é-ﬁﬁ‘
——

[+ | ~ -
H—C=0 QH H—C=0H,
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‘Thaae two reactions may be summarized as one equation,
2 HCHOD +'Hé02~—-~9H2-+ 2 HCOOH.

This proposed mechanism has been confirmed by the
quantitative data obtained in the eases of formaldehyde,
methyl alcohol, formie acid, acetaldehyde, acetic acid,
glyeollic acid, and lactic acid 2’3.

The investigation to be deseribed in the follows
ing paper was undertaken in order toc study the reactions of
gimple carbon-nitrogen eompounds with hydrogen peroxide, and

 ‘tavdatarmina.if’ﬁha mechanism described above could be
applied to their reactions. The compounds selected for this
purpose were (A) ethanol amine, (B) urea, (C) acetonitrile,

(D) nitromethane, (E) glycine, and (F) hydrogen eyanide.

An historical review of previous work recorded
in the literature in relation to each of the above~mentioned

| Q&rﬁon—nitrcgenAcompounds will be presented, followed by
thé experimental proeedure employed and the interpretation

~of the results.
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HISTORICAL

A, Ethanol Amine

This eompound was chosen as the first one to be
investigated because it possessed both an alechol grouping
énd‘a primary amine group. Since alcohols are very sus=—
eceptible to oxidation, there should be no trouble in obtaining
gome reaction between ethanol amine and hydrogen peroxide.
An. extensive gearch of the literature revealed that very
little work has been done on the oxidation of ethanol amine.

Suto 4 studied the action of hydrogen peroxide on
 £ sulfuric acid solution of ethanol amine, to which he added

& erystal of ferrous sulfate aa.cataiyat, He identified a
-small amount of glyoxal as one of the produets, proving its
L‘Qreaence.by means of the melting peint and nitrogen content
of its osazone. The solution had a strong reducing action
;&n>Fehling's gsolution. 3Suto mentions no: other products, and
does not say whether the glyoxal caused the reduction, or
~whether gome other product is responsible, Certainly ammonia
'and carbon dioxide must have been formed, although he mekes
no mention of them. The formation of glyoxal may be explained
by applying the perhydrolysis mechéanism, but before this is
tvfaﬁﬁn;it must be assumed that the amino group is hydrolyzed
~off, and a hydroxyl radical has replaced it. This may be

written thus;
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CHgOH-CHZ.NHz ~+ HZO ——— GI"IZ_O,H-GH20H + NHB,

<
CH ZOH-CHZEIH 2 + H;aO 2-—-—'9 CHZOH--CHZOH + I\EHQOH.
The formation of hydroxylamine is sxtremely unliikely; no
worker has ever reported its formation in any reaction
of this type. It isvlikely thet the deamination occurs by
hydrolysis, catalyzed by hydrogen peroxide.
The ethylene glycol may then be oxidized through

"parhydrolysis as follows:

H H
o s |
HO—C-FH  HO-0H H—C—0H HH
HO—C—H Ho-fcﬂ HO’-—’S}?—-QH HOH
H H
i 1
Ho-.émuﬂ 0=0 HOE
| — | 4+
I.—IQ——-?—*O‘H c|:==0 HOH,
H H

- Summing up the hydrolysis of ethanol amine to glycel and thse

two perhydrolysis reactions, we have

CHoNHg H—-C=0
{ + 2 Hg0p — NHz + \ + 3 Hg0.
CHgOH : H—C=0

 £n‘the presence of excess hydrogen peroxide the glyoxal
i ﬁmuldiimmediataly undergo further oxidation to yield formie
 meid, end finally cerbonic acid.

| + | — +l———~’f'+HQH‘

CHO OH  HOUOH fT’QaH GH  CoOH
QH = HCOOH H oH QH
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To summarize, sthanol amine should yield first of
&ll glycol and ammonia, then glyoxal, formic aeid, and

finally carbonic aeid.
B. Urea

An investigation of the literature on urea revealed
rumerous reports and patents on the use of this compound in
mixture with hydrogen peroxide as a convenient source of

k_aﬁiid.hydrcgen.paroxide, some of which will be noted.

5 gstudied the addition compuunds of various

Tanatar
organic eompounds with hydrogen peroxide, and he was able to
;maks;austablefeomplexawith urea whieh retained 15% of hydro~
gﬁhgperoxide for six months. Milbauer'6 describes a patent
‘isﬁuad,for a compound having 65.70% urea, 34.00% hydrogen
peroxide, and 0.08% eitrie acid, which is reported to be
’wﬁry stable up to 60° ¢. In alcohol or water it affords a
’ @@nvaniant source of hydrogen peroxide, and in ether it gives
up the hjdr&gen paroxida entirely. The compound, or complex,
. &§ the case may be, has the formula CO(NHg)o+H 0o , containing
 64.1% urea and 35.9% hydrogen peroxide. strauaaw7 deseribes
1 &Jpﬁ$ent.on a compound of 36% C.P. hydrogen peroxidé and
. 64% urea, and reports that this complex is very stable.
In view of these reports it is unnecessary to try
~3ﬁa¢pastulatevaamaghqﬁism;Ear the @xidﬁﬁﬁﬁn;l there 1s appar-

?,féaﬁiyfa;maiaanmarre@myaundiﬁbrmﬁd.' However, there sesm to
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- be no references to what may happen to the urea above the

- decomposition temperature. of the complex. The only tmastions

- that can oceur are hydrolysis to ammonium carbonate, oﬁ"

~ the production of carbonic acid and hydroxylamine by perhydro-
Iyﬁis. In the cage of the formation of the latter, anaﬂﬁay

 &&?&@% almost any stage of oxidation of nitrogen because of

the marked susceptibility of hydroxylamine to oxidation.
C. Acetonitrile

The action of aqueous hydrogen peroxide on various
nitriles has heen of interest to several workers. Radzis-—
'vzawaki 8 investigated the reactions of several nitriles, and
/ ne!raported that in those sases where the aecid amide is
f‘difﬂicultly soluble, the reaction goes quantitatively as

follows: |

RON + 2 Ho0- RCONH, + 0o + HoO.
Qg g +0g

- He: &lso stated that the reaction went very easily at 40° @,
in an alkaline medium, but made no mention of any oxidation
~of any of the nitriles he studied.
Deinert g'tr{ed.the effect of various eoncentrations
’ of hydrogen peroxide solutions, and coneluded that of 1.8%,
" ,,f2;5%, and 8.0% solutions, the 2.5% solution gave the most
 f§&ﬁisfaaﬁ0ry"rasul¢s in hydrolyzing the nitrile to the amide.
 He studied the effect in both the aliphatiec and aromatic

series.
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Oliveri-Mandala 10 gives date whieh substantiate

the equation

RCN +3HZO RCOCH -l-l\T.F:l'3 +HQ +30,

' w%ma the reaetion is earried out in an alkaline medium. He
found that this holds only for the aliphatie series, and that
o ﬁn:tha'anvmaii@:sarias.tharaﬂis actual oxidation, the pro-
'\énwﬁagbaing;&hnivati@ws‘aﬁ hydroxylamine and related asmpaunéép
In no ease is there any refersnee in the literature
to the oxidation of acetonitrile by hydrogen peroxide. It
will Ge shown subsequently that oxidation does oeecwur.

D. Nitromethane

An exhaustive seareh of the literature failed to
- reveal any rniatanaassta:any work done on the resetion of

- nitromethane with hydrogen peroxide.
E. Glyeine

The reaction hetween hydrogen peroxide and glyeine
has been of bioehemieal interest for some time. Dakin il
'.gﬁnﬁmsﬁigéted this reaction, and reperted that he found eopious

yields of glyexylic acid and ammonia, and also some earbon

m‘{ﬁffﬁl and formaldehyde. He used ealeulated amounts of
;,gyﬁres‘n»Paruxidh’ gdded a small erystal of fanrcus'su&fate

' alyat, &né.aanntadeeut;&ha rezetion af hody ﬁ¢m¥‘3‘£“r°ﬁ
' *ghw@g&_mg;msﬂas;

&Qiﬁ not qﬁiﬁ& eleaxr from his:
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By " ealculated amounits " of hydrogen peroxide. He weites

;ﬁhé following resctions as possibilities:

NHg -+ HCO~-COQH
NH,CH,CO00H ——4 Ny + CO, + HCHO
| \Nﬁ'a + 005 + HCOOH.
_He® tested for hydroxylamine, but found none.
: The first action must be one of hydrolysis:
NH,CHoCO00H + Hp0 —>NH, + CHgOH~COOH,
éﬁeerding to the proposed perhydrolysis mechanism, the
giyeollic acid can then be oxidized in several ways, &s
' deséribed by Milstead in this laboratery 3, The reactions
’:mhieh.he prﬁposed and proved to oc@un"are:summarized below;

CHgQH~COOH + 2 Hglg —3 H0 + CO, + HCOOH

2
@ GHoOH-COOH + 2 Hp0g——>4 Hg0 + 8 CO0y + 2 HCOOH -+ Hp

| HCOQH + Hy0 ——> 8 Hy0 +C0,. |
Milstead found no glyoxylic acid in his silutions, and ex-
gﬁ@imed,thia faet by its extreme reactivity with exidizing
 ég§nts; Dakin did not analyze the gaseous produets of hig
reaction, and so, if any hydrogen was formed, he did not
notice ite presence. As usual he failed to record the amounts
of any products formed, merely referring to & * large
yield of glyoxylic aeid. |

Effront % varied his procedure by dissolving the
‘glyeine in 200 ece. ef’ﬂ/@:ﬂaeﬂ, and distilling the mixture,

~Aérﬁpp1ng ten—voluma hydragen peroxide into it as fast as the

vducts &ismkl«ﬁ ‘ever.  This was a:antxnua& until ne. mm

ammenia waa~é&st1££sé a&ﬁ Hb postulat ?ﬁha,ﬁﬁﬁlawing
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~10~-

- resctions:
NHGGHRG00H + Hg0 —=NHy + CH,O0H-COOH
CHoQH-COOH + & Hg0g — HCOO0H + C0g + 3 H0.
From 10 grams of glycine in this way he obtained 5.5 grams
@fkﬁbnmie agid, or 91% of theory. Most of the nitrogen was
reeovered as ammonia, while the remainder, 1-2%, was found
a8 nitrate. Effront did not caleulate the pereentage yield
of formie aeid, and apparently did not isolate any other

~ produsts.

Plimmer 13 gtudied the action of various oxidizing
~ag§ntsx6n glyeine and other amino aompounds. Using eoncen—
 §&££6& sulfurie and nitric acids he got small amounts of

';ﬁgﬁrugen cyanide. He writes the following equations as &
,'ﬁaasible mode of reprasénting the reaection.
NH CHoCOOH — 03 HON =CHE0OH
“HON==CHCOOH —> HON + COp + Hg0

' ’Iﬁiha first hydrolyzed the aceid in conecentrated sulfurie aeid
~é&9ne, and then oxidized it, he found;éxaetly the same amount

k' é£‘hydrog§n eyanide. Potagsium dichromate and sulfurie aeid
gave the samevraactinn. Using manganese dioxide and sulfurie
agid, potassium permanganate aﬁd sulﬁurié acid, and sulfuric

¢{ g§id‘alone, he found little if any hydrogen c¢yanide as a

\ product of the oxidation. Plimmer does not attempt to explain
 the differences in behaviour with different oxidizing agents,

‘ ‘;g&ﬁ"dbas:heagims;&ay_ﬁaaix:ﬁar ﬁha;éﬁﬁvasquaﬁian34~
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~11-
E. Hydrogen Cyanide

The re@gtion.between.hydragen cyanide and hydrogen
'gsmaxide was investigated by Attfield in 1863 14. He gave
. neither qpantitiegynor concentrations, and said that the
3 ‘whita insoluble produect obtained was axﬁmide,beaausa it re-
é@ﬁblﬁd‘thathaompcund in its insdlubility, lagk of odor,
ﬁaaialessnas&; ete.. Radziszewski 8 describes work on hydro-
gen cyanide in cenjunction with that on nistiles in general.
i;ﬁﬁsr@p@rts quantities of oxamide, and suggesis the following

véaahanism;fbrﬁits formation, which, it may be pnoted, inwelves

 perhydrolysis,
HCN OH HH CON oN HOH CONEH,
+ ( — -+ ? [ -+ —— ’
HON HH ON CN HOH CONH,

cysnogen and a trace of potassium hydroxide geave him & quan-—
1_&1ﬁativa yleld of oxamide. It may be that the first of the
kv;&heve reaetlons pre@eeas as doeg the reaction of formal&ahyéa,
‘  gxmxmausly noted, to give hydrogen, with hydrogen peroxide
'aswa.&atékgatm

HON GN H
—_—] o+
HCN CN H

© Radziszewski apparently did not analyze the gases formed, so
that if any hydrogen had been formed he would have missed it.

15 studied extensively the reaetion between

Masson
 ,petass1um‘ayan1de and. hydrogen pazex1da‘ He foun& it neces-

‘?y’tﬁ k&ag tﬁa a&l&ixen& aaal\uﬁils they were being mixed,

”;%#»,raﬁulteﬁ\ The: ﬁir&t aatlmn wWas one
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~12=

of oxidation:
KCN + Hg0,——> KCNO + H.0.
 Phe remainder of the reaction involved the hydrolysis of
Both the potassium eyenide and potassium cyanate.
KCNO + & H,0 — — K(NH,)C0,
KON + 2 Hg0 — —>HC00K + NHy
It was possible to aéeougt for 80% of the eyanide or peroxide,
,iﬁ*thﬁy were present in stoichiometrie amounts, as either
petassiumﬂeyanaia or potagsium ammonium earbonate. The re-
m%inder of the ceyanide and peroxide went to patassiu@.fcrmata,
.&ém#nia.and,oxygpn. No oxygen was liberated until the above-
'>m5ﬁtioned’80%.of the: peroxide hed been used to oxidize the
L éyahide. Masson determined the yields ef cyanade, carbonate,
}ﬁﬁrmata, and also the‘initial,amounts:af'eyanide,and peroxide
#aé& in runs with varying eoncentrations, and from these data
he was able to make the fbllowing,gpneralizationé;

1. The amount of earbonate varied direetly as the per-
oxide used, end inversely as the e¢yanide used, al-
though the relationship was not linear.

2. The amount of eyanate was inwversely proportional to
the earbonate, all other things being equal.

4. The sum ef the carbonate, aa.K(NHQ)GD and the

37
cyanate, were practically equal to 80% of the
original eyanide added.

Masson &lso studied the effeet of the addition of

santities of free alkali and sulfuric acid to the mixturs.
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;ErQGAalkali added at the outset had a retarding effect on
(ﬁﬁm:whole reaction, diminished.thﬁﬂamnunﬁqéf'hy&rolyais
felative to the oxidation, and caused the ésgapa:af'free
oxygen in the early stages, whereag in the runs on neutral
#&Eutions no oxygen was evelved until all eyanide had dis-
appeared. Ammonia added at the outset had little or no effect.,
| Free acid, sulfuric acid, added at the beginning
 petarded the ﬁhole reaction, and tended to increase the
&m@ﬁnt‘of hydrolysis to that of oxidation., If enoagh;a@id
_mgg'ad&adito convert all the potassiump&yaniﬁs to hydrogen
eyanide, Masson found that oxamide erystals formed slowly.

v’Hh;hoted that it was necessary to allew the solutions to

"v'ﬁtand for at least 78 hours in order to get & good yield of

oxamide, and did not mention any other produects in this case.
From: the foregoing discussion it is easy to see
that the investigators all got yields of oxamide from hydreo-
gan cyanide, and that they do not mention any other produsts
#hﬁn:this ig the ease. One might also expect to get

immonium;aaﬁbnnata by ordinary hydrolysis of the prussic acid.
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EXPERIMENTAL

In this seetion will be ineluded the thesretical
aiaau331en of eash.ef the compounds studied, a deseription
of the apparatus: employed, the experimental data, their

 £§£¢zgrmtation, and & summary of the results,

&. Ethanol Amine
Theoretiecal

As has been stated in the historieal seetion, thig
 }gampoundlwas e¢hosen because it is both & primary aleohol and
; £;grimary amine.

One of the first actions eﬁanrvadftgrtaks plage is
- the dsamination of the ethanol amine to form glyeol. It may

ke postulated that the other product be either ammonia or
-fﬁgézaxylamina;Qaaa:abeva). Sinaa ammgniagwas:&@paxently the
/‘ganig produet of this reaestion, the formation of hydroxylamine
 will not be eonsidered. The equation for this hydrolysis
‘ﬁiXL.aggin‘he.ncted;‘

NEH CHoCH0H + Hg0 —— CHZ0H-CH0H + NH.

‘The next step in the resetion has also been deseribed previously,
'@ ;ﬁ$m£ly;

| | "Hzg)‘H*C’E{aGH;—!- R Hg0p—>CHO~CHD + 4 H.
» ;72ha presence of glxoxal,kas been proved By Suto 4. Glyoxal
VVQfmma then be further oxidized by perhydrolysis, thus.
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CIR~CHO + HZO?, ———= 2. HCOOH,

~and. the formie aeid formed by this rezetion may also be
féxidizad, thus:
HCOOH + Hg0 ,——= 00, + & HO.

Then there is the possibility of & reaetion be-
‘ﬁ&éﬂn'ammnniamand hydrogen peroxide. Weith and Weber 16
_peport that solutions of smmonia are oxidized by hydrogen
-~ peroxide, the produet being ammonium nitrite. Thi&~r&a&ti0n

may be written by perhydrolysis mechanism:

o 'Hé'-GH HOH | O0H A
N/H+HQTGH-— —>HH +ELO0H——> + HgD.
,_H HO{OH HOH 0H OH

g  ﬁﬁﬁ.nitrous aeid so formed wnuldﬂimmedia£el¥;bs.nauﬁr&lized
'?nﬁ&:ﬁhe excess ammonia to form ammonium nitrite. Weith and

: ﬁ&ﬁar’pnovaﬁiﬁha)presenea,af‘ammonium nitrite, and stated

that if the solution was warmed they found mo nitrite, but
@niy nitrogen, since ammonium nitrite 1s rapidly deeomposed,

"ﬁﬁna:

| NEGNO , —— N ~+ 2 HQ.

- If some of the nitrite should be oxidized further hefore
'ﬁéing~deaampcsad, there is no reason why ammonium nitrate
&hauld not be formed.

. HONO + H 0 -f~e>H3302}4—ng

""f,En@bed Effront %, in his werk on glyeine:, &Lﬁ_find small
" smounts of nitrate pressnt in his solutions. after resetion.
Sintknﬁﬁ;ﬁkiﬁ‘fﬂﬁ&iﬁigﬁﬁiﬁni&&Gﬁnaféﬁrﬁhﬁﬁ,@xﬁﬁi&
: &ﬁ“hydnogan;garnxidh.was employed, the produets to bhe:
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1&xyeatad are ammonia, earbon dioxide, and perhaps small

; amﬁunts of formic and nitrie aelds
Apparatus and Proeedure

The investigation was carried out in & e¢losed

'éxaﬁﬁmq aa:in;ali,the previous studies in this laboratory.

For this purpose it was found necsssary to arrange a speecial
~,;§£0tptian,ﬁr&invwﬁieh would remove as many of the eomponents

éffthe~g§$es;praduaaﬂwas was praetical.

o The reesection was earried out in a 500wee. Pyrex

Klaldahl flask, which was connected %o & 30-em. upright

ﬁiéhig condenser to serve as a reflux. The top of the econ-
 denser was connected to a Millikan wash-bottle contéiining
éﬁéﬁﬂaxd’sulfurie acid to absorb any ammonia: liberated.

The wash-bottle wasﬂecnnactéd,tQ-aaU;tuﬁéAfills&‘withAaaleium
‘ehloride to dry the gases, and then to an Ascarite tower

filled with Asearite, for the absorption of any earbon di-
'T@xiaaw Following the Ascarite twwer was another U-tube eon-
- ﬁaining;éal@ium(@hloride, which was conneeted to an emply

gga wash-bottle, which in turn was eonnected to an inverted
;iﬁélitﬁrearhoy, graduated in half liters and filled with
'saﬁmratad”aaaiUmﬂehlorida;solution*. This earboy served as
;a gasometer to eolleet all the gases whieh were net absorbed.
77 ?%£ gas wash-bottle immedistely preeeding the gasometer was:

”’h;fga;annnaaxei‘aa;tﬂ~saxva;&g;antnag'ﬁgn-wmg'zﬁqaﬁi which
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1

This apparatus was set up in duplieatle, and the
if..;"b‘x}mava.sz’::t‘ion flasks were placed in the same water bath, in order
ﬁ@:make certain that the two runs would be under exactly the
sme eonditions. Carghad to be taken in order to sesure two
“gﬁa@tion flasks which were of uniform @anstnaatioh.andfwhimh
ﬁﬁﬂ:nnvrougﬁ;surfaeés on the inner side, since it is a well-
'f’knnwn.fact that rough surfaces eatalyze the decomposfition of
‘hydrogen peroxide to give oxygen according to the equation:
| 2 HpOp ——»& Hg0 —+ Og. (z)
The eonneetions hetween the flasks and the conden—
sers and between the condensers and the tubing leading to the
»ﬁirlikan wash~bottles were made by tightly fitting rubber
 Qtappers. The rest of th6~eOﬂDthiOﬁ%tWﬁrﬁ,méiﬁ with pres-

-sure tubing, held in place by ligatures made of copper wire.

ALY ground-glass Jjoints, theose in the Millikans, Ascarite
~§#ﬁgr#, énéiga&zﬁashubnttles, were lubriecated with very heavy
kéﬁﬁpﬁ@nak“gxease. The glass tube from the condenser to the

‘fmﬁliikan wag broken by a 15-18 em. mercury seal inm order to
'&ilow:aasy*manigulatian of the condenser. A glﬁsa,stop~an@k

~‘§nsginserte&.in'the stopper of each reasetion vessal, and was
ﬁb!adjusted that the whole system could bBe flushed out with
vé,stream of inert gas. All connections were tested with soap
énluticn while the inert gas was'paased.througn.in:order'ta
make sure that there were no leaks.

The hydrogen peroxide was standardized before each

17

run by titratiom with permanganate, the usual method = heing

to & liter volumetrie

;, expept. that 20 ce. w&xﬁ;gtgatmﬁﬁ/?
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:ﬁlask, and. 10-ce. aliquots were used for titration. The:
'~ hydrogen peroxide used throughout thig 1nvest1gatlon wag the
‘au—ealled " one hundred volume ", entirely free of all or=
,gxnie preservatives and sulfurie acid, and was donated by

the R. and H. Division, E. I. DuPont de Nemours snd Co.,
'?‘KiagﬁnaﬂEalls, ¥. Y., through the courtesy of their Dr. J.

§. Reichert. It was found to be stable for an indefinite.

‘lg@riod Lf:kaptfﬁalow;40° F. when not in use.

Eastman's pure ethanol amine was distilled twice,

;uﬂing‘a modified Glinsky column, and only that pertion

boiling between 188° and 190° C. was used. A density deter—
":&ﬁhation was made, in order to permit measuring the amine
 instead of weighing it. In this way any desired amount
 epu}d be accurately measured from a calibrated burette.

QOne. sixth of a mole of ethanol amine was run inte
1“@&ahureaation;f1ask, and. enough hydrogen peroxide was added
p“ﬁﬁVgiVe»anﬁ;male“ about one hundred ten ee.. The necks. of
"~Eha.f1aska were then washed down with 50 ee. of distilled
: ,waahmbottlea:aontaln&d4ZQQ ce. of 1,409

water. The MI1Ilik
nuzmai sulfurie aeld and all connections were made except
: ﬁhsaa ‘to the gasometers. The whole system was then flushed
*&uﬁ with a stream of pure nitrogen.until,all,residual“gasaa
ﬂpﬁaﬁ.bgan displased. It was~l&ﬁer~fmandlmﬁfa«ax@éﬁiant to
Swap ot allath&—agg&ratus but the resction flasks before

'4mixing‘tha:two:raagenﬁs, and to keep xﬁ.alcsed until needed.

 The reaction flasks were also swept out before being used,
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%ﬁﬁﬁ obviating the necessity for delay after the solutions

’.’ﬁadfbeen mixed.

After all gases had baan]sWept out the c¢onnections
were made and tested, and the water bath was élgwly heated.

- to boiling. It was found necessary to perform this heating
very slowly in order to allow ample time for the decompo-
‘&&ﬁion of the peroxide, as the solution was- qulte appreeiably

alkaline. The water bath was fitted Wlthha.ga5~regulating,

- dewiee such that the rate of haéting could be determined
fﬁﬁxm'awennaﬁaly'thanlwaa otherwise pogsible. After the
vﬁa&ar bath had reasched the boiling peint, it was maintained

: »;ﬁh&ra\until no further evolution of gas was observed. A

- small amount. of powdered silieca, to desompose the remaining

 ,§$xuxid3, wag then blown in through the stop-cocks by a
gtream of nitrogen, thus assuring no loss of gas. It wes
later found unnecessary to use the siliea, as the peroxide

had completely decomposed without it. The gases in the
néaﬁtion flasks were then displaced by & slow stream of nitro-
ggn,:Whiahﬁwasupassed;through the apparatus until the Ascarite
towers had completely cooled and ample time‘ha& been allowed

- for removal of all other gases into the gasometers.

; The increase in weight of the Ascarite towers rep-
. pesented the amount of carbon dioxide Xiberated. The gon-
| f  i@nxa of the Millkkan wash-bottles were tnansferne&.to volu=

';matri@~flaaks and maﬁﬁ up to 500@&. Ten-¢e. aliquats of

“‘VHl_aae solutions were tifrated against atandard godium hydre=
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~ xide, with wethyl red as indicator. From these results it
}was pogsible to determine the residual.acidity of the solu-
fiogs, and by subtracting this from the original strength
of the acid the amount of =mmonia formed could be calculated,
The gases collected in the gasometers were measured,
‘ and the volumes were converted to standard conditions, correc—
tions being made for pressure, temperature, yapor tension of
saturated sodium chloride solution, and the differences in
 1@¥@1 in the gasometers. The gases proved by analysis with
the Hempel apparatus to contain no combustible components,
but to be mixtures of oxygen and nitrogen only. The oXygen
’w&s’determined by absorption with alkaline pyrogallol, as
directed by Engelder . fhe gquantity of oxygen collected
was & measure of the wuantity of hydrogen peroxide which did
“mot function in the oxidation of the compoﬁnd under investi-
‘gaiion, but whieh decompesed directly, thus:
' 2 HoBg — =2 Eg0 + Og, (z)
By subtracting the quantity of hydrogen peroxide thus di-
rectly decomposed from the initial amount used in the reaction
 mixture, it waes possible to calculate the active hydrogen
peroxide; i.e., the guantity which effected oxidation of the

organic compound.
Data

Unfortunately the results obtained were not con-
 @istent. The data from repeated runs did not check. This

' is explained by the alkaline nature of ethanol amine;
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‘hydrogen peroxide is very unsteble in alkaline medium.
Moreover, as has heen noted previously, it was extremely
&ifficult to conduct the réactions glowly enough so that the
peroxide would not decomposse tdo'rapidly for the capacity of
the absorption train.

| In Table I are recorded the results of the two best
gets of duplicate runs. It will be seen that the agreement

is very poor.

Table I
; émine HpOg co NH 0 o= H,0 HoOp
Run used use fou%d fOuéd foungﬂ e ac%i@e

i moles moles “woles moles moles moles moles
T A .167 1.000 J173 .000  .126  .252  .748

B ,l67 1,000 ‘ 180 .000 » 126 252 748
Ifﬁi . 167 1.000 »1.55 Q0878 .218 ~436 .564
B

. 167 1.000 .44 00691 .154 .308 692

It was noticed that the residual solutions contained

~ammoniz, and so it was suspected that they might also contain

s

gome carbon dioxide. These solutions also gave tests for
nitrate ion, showing that some of the ammonia had been oxi-
fdized. Since no methods for analyzing and deterwmining ammonia,
~carbon dioxide, and nitric acid in the presence -of ethanol -
"  $$ina were known, it was decided that the investigation
SQZ ﬁ®uld1not be continued. |
The following table, based upon pure speculation,

. m&y possess some significance. From the amount of ammonia
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f3iﬁﬁiah.is_missing, that is, the theoretical yield of ammonia
 rless that amount found in rung IIA and B, was calculated the
equivalent amount of carbon dioxide which might have been
held back in the reaction flasks as ammonium carbonate. This
_amount of carbon dioxide was added to that alresdy found,
and the total yield was compared with the amount of active
‘hydrogen peroxide. According to the equation for complete
oxidation to carbon dioxide,
NHCHoCHgOH -+ 5 Hg0 g~ 8 C0g + NHy + 7 Hg0,
the theoretical ratio of active peroxide to the amount of

‘earbon dioxide formed should be 5/2, or 2.5.

n Cog COg CO4 Ratlo Ratio
Run  (missing) found total Hy /C0 4 H0 /COg -

' moles moles moles fgund e&le.

ITA 0805 «155 ~2308 2. 40 2. 50

B .0800 244 3240 T R.A3 2.50

It must be remembered that this is merely speculation,
but if not gquite all the carbon dioxide was retained by the
ammonia as was calculated, the results might very well bé
'agrract. However, it was dsci ded to forego any further in-
#estigation on this compound because of the great difficulty

~epnecountered in the technical manipulation.
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B. Urea
Theoretical

The theoreticel discussion of the reaction between
S uresa and hydrogen;parOXide is necessarily limited. There is
‘ﬁﬁé.possibility that hydrogen peroxide may catalyze the hydro-
-fzysis of urea to ammonium carbonate. It may also react with
the nitrogen in the molecule to yield any or several of the
‘many oxidation products of ammonia. Actually it was foungd
, ﬁhat almost all of the [ydrogen peroxide decomposed aeccording
%o the well~known equation,
| 2 HO,—=2 HP + 0, (z)

“and‘consequently did not oxidize the urea.
Apparatus and Procedure

The apparatus for this investigation was exactly
the same as thet employed for the study of ethanol amine,
and ealls for no further description.

One sixth of a mole of C.P. urea was weighed into
each reaction flask, and one and one-half moles of peroxide
‘were added, after the system was swept out with nitrogen.

 When the water bath reached 65° C., gas was evolved copiously
\  u§ut not violently. When the evolution of gas had ceased the

":3 Systemeas again~swept out with nitrogen.

Very small inereases in weight in the Asearite
"‘jtﬁwgrs indicated émall‘yields of carbon dioxide. The amounts

?}J&iﬁammonia;fcumd in the Millikans were also small. The oxy-
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vmv'éﬁn was as usual determined by the Hempel method.
The results recorded in Table II are those of one
sét of runs. It was not deemed adviseable to repeat mny
work on this compound, since there appeared to be no pronounced

oxidation reasection.

Table IT
Urea Holo G0 NH. O == H.0 H.O
Run used uge'" found fou%d fouﬁd M agt?Ve
moles moles molesg mo les moles moles moles

167 1.500 .0R39 0209 142 1.484 016
. 167 1.500 .0Q088 .0064 . 745 1.490 010

SR

Apparantly there is no oxidation of any kind by
,paroxide, and only a small amount of hydrolysis. This is to
be expected in view of the stability of the complex addition

eompound formed when urea and hydrogen peroxide are mixed.

¢. Acetonitrile

Theoretical

The first action to be expected 1s that described
by Radziszewski 8 and Oliveri-ilandala lO’ which is hydrolysis
" to the amide or to the ammonium salty

CHzCN + Hg0 ——> CHzCOHg
CHRCONHg + Hgp0 —> CHzCOOH + NHz.

|  &Th&,acetie,aéid way then be esidizgd? as deseribed by Payne 2;
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CHCOOH + 2 H202—~wwm>% HCOOH + & HQG, (a)
CHzCOOH + 4 Hg0g ——>8 C0g + 6 Hg0. (b)
. The ammonia formed by hydrolysis may also be attacked, ag is
~described by Weith and Weber 16;
| 2 M+ 3 HpOg——> 1, + 6 HD. @
‘Tﬁe summation of the first two hydrolysis equations gives
  the one equation:

CH,,CN + & Hy0 —CH;CO0H + HNHz. (d)
Apparatus and Procedure

o The only modification in the apparatus as previously
described was the additibn of 60-cec. dropping funnels~at}the
.f«fops of the condensers. These were added because it was found

v"”ﬁﬁat,during the run a great dezal of ammonium carbonate cole~
‘t lected in the lower parts of the condensers, and the only way
’?ﬁg remove and decompose it was to allow about twenty-five cc.
” 6f‘siX~normal_sulfurio acid to run doﬁn the condensers. The
 acid dissolved the ammpnium carbonate completely, and liber-
ated all of the carbon dioxide. ihatever carbon dioxide was
‘retained in the solutions in the reaction flasks was also
. expelled by this procedure.
v / Eastman's pure acetonitrile was fractionated, and
only that portion boiling between 80° &ﬁd.alf C. was collscted.
j~ﬁ£s density was determined, enabling it to be measured in-

vf7~éﬁ§&agof’weighaé;['@ﬁe~ninthﬂo£‘a~male‘was~maa§urediinto

taﬁehwflask,:&nd?sumawﬁat less than one mole of peroxide was

ed. The recks wers then washed down with a few cc. of
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 §§&isﬁil1ed water. Sinée'nitrogen was liberated az a product
 .Ef‘the reaction, oxygen was used for sweeping out all the
apparatus. The water bath was brought gradually to boiling,
’and after complete evolution of gas the system was swept out
~with a measured amount of pure oxygen. It was necessary to
1 m@&eure the oxygen added, because some of the peroxide de-
eomposed to give oxygen, and the amount of peroxide unused
‘had to be c‘al.cul&ted from the amount of oxygen formed. In
~ the calculatéons the amount of oxygen used for sweeping out
the system was subtracted from that found by gas analysis,
and the remainder was used to calculate the amount of per-
Abxida which had decomposed. This procedure was less accurate
f than the other method, but it was necessary to know how much
:initrogen was formed, and since the amount of nitrogen formed
-wﬁé less than a half liter it would have been much more in-
“@ocurate to use a measured amount of nitrogen to sweep out
the system.
On analysis the gas was found to be almost all

_oxygen; there was no combustible fraction. The pmrity of

‘tha oxygen used for sweeping out the system was greater than
99.5%, so that tne nitrogen found could not be attributed to
the impurities in the oxygen.

The carbon dioxide was as usual weighed in the

scarite towers. Formiec acid was determined in the residual

 solutions by the well-known ciélomel method *?. In this

thod 50=cec. aliquots were takenm from the solution which

}ubeen,maék;u@'to ESQlec.* The aliquots were neutralized
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‘}@ithisodium hydroxide in 400-cc. beakers, and diluted to
’ ;:I5O cc.. Then 10 cc. of 50% sodium acetate solution were
added, 2 cc. of 10% hydrochloric acid, and finally 25 cec.
bfhmerouric'acid reagent, which was prepared by dissolving
100 grams of mercuric chloride and 150 grams of sodium chlo-
~ride in one liter of water. The beakers were then covered
'%,ﬁiﬁh~Wateh»g£asses and heated for two houfs suspended in a
Boiling water bath. 4t the end of this time all the formiec
acid had quantitatively reduced the mercuric chloride to
insoluble mercurous chloride according to the eguation:
HCOOH + 2 HgCl,—>2 HgCl + 2 BCL + CO,.
‘,?he calomel was filtered on asbestos in a Gooch erucible,
| f}mshed with hot water, alcohcl, and finally ether. The cru-
'giﬁles wers then dried to constant weight at 105° ¢. and
 W£ighed. From the above equation it was easy to calculate
- ihé amoﬁnt of férmic acid originally present.
| 4s before, the &mmonia was determined by the
~difference in acidity of the solution in the Millikan. In
this casse, however, because some of the ammonia had remained
’afn,the reaction flasks combined with the sulfuric acid whieh
 ,h§ﬁ'ﬁeen added, it was necessary to distill aliquots of
»t§&55‘solutions with excess alkali, exactly as is done in the

- Kjeldeshl determination of nitrogen, and to titrate the acid

the reeéiver*winh;sﬁand&pd,sﬂdium"hydroxidaw The amount

£ sumonia found in these solutions was added to that found
f, the wiilimff Bk

The acetic aecid in the reaction flasks was deter-
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;}fminéd according to the method of Gherman for the analysis
beﬂéf caleium acetate.zc. The solution was acidified with
25 cc. of pure phosphoric acid and distilled. (ater was
dropped into the still as fast as the distillate came over,
cand this was continued until all acid hed been temoved. The
‘distillate wac then tittated with standard sodium hydroxide
to. determine the amount of acetic scid. Since formic acid
is also vniatile in steam, it was necessary to subtract the
k:ambunt of formie acid found by the calomel method from the
\i&mmunt of acidffouhd.by the Sherman method in order to ob-—

 tain the actual amount of acetic acid.
Data

In Table IIT are presented the yields of &ll the
~phoducts of the reaction. |

Table IV records the yield of formic acid according
~to egquation (a}, tiie percentage yield, and the amounts of
scetonitrile and peroxide required by the eguation.

Table V records the yield of carbon dioxide, and
 the percentage yield according to equation (b), and the
t&maunts of nitrile and peroxide required to form this amount
:af’earbon dioxide.
| Table VI econtains the yield of nitrogen, and the

  garcentage yield and the peroxide required as calculated

_ frow eguation (e).

Table VIL records the smounts of peroxide required
&ﬁﬁftamfe%ﬁ&£i§h£3€i$gﬂ@&}, &nd (e), fheir gsum, and the amount

of sctive peroxide calculated from equation (z).
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Table VIII contains the amounts of acetic acid
 gf6rmed, the nitrile necessary from equation (d), tha amounts
~of nitrile required by equations (a) and (b), and the total

- amount of nitrile accounted for.
| Table IX records the yields of nitrogen and ammonia,
lfﬁﬁé amounts of nitrile necessary according to equations (e¢)
: ~and (d), and the amount of nitrogen accounted for,

For reference purposes the eguations to be used

are here repeated.

CH'CN + 2 H 20-—~%>”ngOQH'+ KH (d)
GH3000H‘1-2 H2Q2~——-ﬂ>2~HCOOH,+'2;HQQ (&)
CHzCOOH + 4 Hp0pg—= 2 COg + 6 Hg0 (b)
2 NH&-!- 3 H202~——~—->H2+ 6 HZE)‘ (e)
Table IIT
no CHzCN Hz0p  NH, OCH,CO0H 05 HGOOH COp |
- Run used used fauEdV gund, found found found fOugd,

poles moles moles moles moles moles moles moles

J111  .915 .0605 .0432 .3%45 .0013% .0625 .0189
.111  .915 .06l3 .0511  .386 .00132 .0584 .019B

Cme |

Table IV
HCOOH % a CH3CN
@alc.aq.(a) HOQOH aq,c%) eq.(a)
. mnles aq. (a) moles moles
+2222. - 0.60 L0LES: ~00067

_ .2282 0.59 00132 .00066
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Tahle V.
i co Co % Ho0 CH=zCN
~ Run foun ealc.e%;(b) CO« ‘aq?%%)‘ aq?(b)
' moles moles eq,(é) moles - moles
A L0625 ~RRRL. 28.1 +125 L0312
B .0b84 12222 26.3 JA17 0297
Table VI
Ng Ng % HoOg NHg
~Ban found cale.eqg.(c) N eq.(e) eq. (&)
Ee moles moles eq,%&) moles meles
A L0183 05656 3R.9 08174 Q366
B .0l96 405656 35.3 0294 L0392
T&hla_VII,
e Holg Hg0 HgOg HoOg Ha@bz
Run eq. (&) aq,(%) eq. (c) (a)+(§}+(c) eq.(z)
wa : moles -~ moles moles moles moles
A .00133 .125 .0874 .1537 1667
B .00132 ~117 0294 1477 . 1434
Table VIIT
e GH3000H CN CH: GN CH GN H% %
Run  found <>’ﬂﬂ CO0H ==HCOOH (a)+(B)+(d) CHzCN
: moles % eq.(a) eq. b? moles found
molas moles moles
- A .0432 0432 00067 L0318 L075L 67.6
B L0511 00066  .0297 .0816 73.4

L0511
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Table IX
e NH. NH,== Ng NHez. \ %
. Run fouRd e3. (c) total thﬁg%y NE,
Gant moleg moleas moles: moles
A L0605 .0366 L0971 L1111 87.4
B L0813 L0392 L1008 LIXTIT 90.5

The discrepancies between the amounts of oxidation
products (Table ITII) and the amounts of peroxide used (Table
3, ?II)‘are surprisingly gsmall, considering the inaecuracy in
gﬁé&auring,auch small quantities of nitrogen by difference;
in run A'theitotal(volume of nitrogen was .41 liters, while
, in;B it was .44 liters. The percentage error in measuring
f the'gas volumes was quite appreciable, because the bottles
- were graduated only in half liters, and the best that could
‘fﬁmne was to estimate to the nearest five-hundredths ef a‘liter.
v The greatest discrepancy is that between the amounts
| Qﬁi acetonitrile accounted for by acetic, formie, and carboniec
J&Qids (Table VIII), &s compared to the amounts of aceto-
~pitrile acecounted for by the ammonia& and nitrogen yields
’&iCT&blﬁ IX). The former amounted to about seventy per ecent
of the initiel nitrile, while the latter amounted to almost
1ininaty'per cent. This may possibly be explained by consider-
ing the difficulty determining acetis acid ascurately enough.
It is a well-known faet that the phosphoric acid method at

';t gives ratharfiaw.re&nlts, If some of the acetic aecid
were not fﬁﬁg#@ﬁﬁd-&g this &ﬂ&lyﬁig,'ﬁhsgdtffﬁranaa<meuld be

,W}galanaugﬁ;ta;bring about bhetter ehiecks.
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It was assumed that all the nitrile did net react.
' énly 90% of it was aceounted for, and praﬂtié&lly &ll of the
; peroxide. It may be that the remainder of the nitrile was
volatilized during the runy, espaecially while the gas was
sweeping out the system; or perhaps it merely remained inert
in the solution. If thés was the case, one might diseount
;Aﬁﬁmewhat the amount of ammonis found in the residual sdlutions,
,,;&gzlgng Builing}&ith,alkali would be sure to hydrolyze some
| of the nitrile, and thus inerease the yield of ammonia. How-
| \ﬁvax,.if this ig the case, the amounts of acetie acid found
kc4&ﬁould also have inereased.

i A run was made on acetonitrile with addition of
 §n£ngh,sulfarie acid to combine with the ammonia ag soon ag
it was liberated by hyrolysis. For this purpose the density

of ordinary six norme&l sulfuric a&cid was determined in &

> gyknomatar¢.andptha percentage couposition was ealculated.
One ninth of a mole of acetonitrile, one eighteenth
"@fia~mele'af‘sulfuri¢ acid, and one mole of hydrogen peroxide
‘ uwre'maasu:ea'inte each reaction flask. Because of the aeid
- in the resetion flask it was unnecessary to use the Millikén
,‘@ashwbettles. Oxygen was again used to sweep out the system,

| The presence of the sulfuric acid caused a much

~glower evolution of gas. The heating had to be continued

':7f§£§£~Szlhours\ﬁafare‘&iluggsaa had been liberated. A mea&sured

meunt of oxygen was egain used for removing all residual

%ﬁag from the s&zt&ﬁ;

&g&iﬁch&ra;was:fﬁund some gas whieh wes neither

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



 iékygan nor & combustible component, showing that the reaetion
had again followed equation (c).
The golutions in the reaction flasks were made up
-~ to 800 ece., and aliquots were taken for analysis for formie
:gﬁid. For some unknown reason the results of the calomel
méthod could not be made th check very well, but as the
-faﬁounts of formic acid were very small, nhthing further was

ﬁﬂn@ .

Data

The initial amounts of reagents and the yields of
>  formic and c&rbonic*aci&s, oxygen and nitrogen are recorded
”'wfin\T&bla X. '
: Table XI inecludes observed and ealeculated yields
"qf formie aeid; percentage yields, peroxide and nitrile
required aceording to egquation (a).
Table XII contains the gsame data for carbon dioxide,
;asiealculated{from equation (b).
Table XITIT contains the same deata for nitrogen, as
‘,a&laulated.framvaqpatisn (e).
Table XIV records the amounts of peroxide required
a9 calculated from the yields by equations (&), (b), and (e),
,thair'totaI, and the active peroxide as calculated from the
 initia1 peroxide and equation (z).
The equations which are referred to in the tables

vill be repeated here for convenience.

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



CHzCN + 2 H-0 ~——> CH5C00H + NHy (d)
CHZCOO‘H + 2 H202—-——>-2 HCOOH + & H20 (a)
GHSCOQH -I— 4 H20-2~—->— 2 00-2 —+ 6 HZO (b)
2 NHz + 3 Hgog—>Ng + 6 HQ (e)
2 HzQ'g‘“-—? 2 H20 + 02 (z)
Table X
CHzCN Ho0 '} COg HCOOH
Run usad.  uSe foufild  found found
: moles moles moles moles moles
s 111 1.000 L0312 0708 00205
B 111 1.000 Q295 .J728 .00299
Table XI
, HCOOH HCOOH % HZQ’Z\ i3 3GN
~ Run found cale.eq.(&) HCOOH eq, (&) eg.(a)
: moles moles eq.(a) moles moles
A 00205 ~2822 Q.92 ..0Q0205 - 00102
B .00299 ~RRE8 1,34 .0089¢ 00150
Table XII
, co co % H CHzCN
Ban ﬁfoun&i calec. e.éf( b) C0g aqa%é) eq? (b)
moles moles aq.(h) moles moles
A L0708 <2222 31.9 1416 0354
B 10728 22282 52.8 1456 L0364
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Table XIIT

i Ng Ng % HgOg CHzCN
- Run found ealc.eq.(c) Ng eq.(e) eq)(e)
o moles noles eq.(e) moles moleg
A L0312 .0556 56.1 L0468 .0624
B .0295 .0556 53.1 0443 0590
Table XIV
. . HgQp Ho0  Hg0g Hofo Hgog
Run eq(8)  eq(f) e (8) (a)r(B)Fce) (%)
. moles. moles moles moles males
K 00205 .1416 L0468 .1905 .206
B .00299 .1456 LO4AT L1929 .210

As in the ease of acetpnitrile in neutral solution,
 the original ssmpound is oxidized to carbon dioxide te the
' §x£§nt of &,littlé over 30%. The occurrence of formie acid
~ is very limited, probably because the exgess peroxide oxi-
dizes it immediately to earbon dioxide. The ammonis formed

by hydrolysis of the nitrile is oxidized to nitrogen to the
‘exﬁaaz of over 50%. This is greater than the extent of the
~resetion in neutral selution,

In eonclusion it may be steted that Ik neutral
,~aalution at least 70% of the nitrile is hydrolyzed to ammo-

'-_"nium acetate, and about 27% is 0xidizad to carbonic acid,

;Lla in aeiﬁ sﬂlution, streng‘cnaugh to netain &ll smmonia
|  £ﬁnmed, at least 50% of the nitrile is hydrolyzed, while '

’°“71@xux 30% of it is exidized to carbonic acid. In both cases

the oxidation goes past the stage of formic acid, as is appar-
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<f§h£'from:tha very small yields of this substance. In both
 rﬁhﬁ~it.was found that ammonia was oxidized, presumably by
tﬁﬁ‘intermediate;formation and decomposition of ammonium
~ pitrite, to nitrogen, about 35-40% in the neutral solution,
;  &nd;emer~5G%fin;tha acid solution. This may be because the
',gmmﬁﬂia was retained better in the aeid solution, thus giving

& better chance to react.

D, Kitromethane
Theoretical

In the cawe of the last compound studied it was
noted that some of the ammonia was oxidized (perhydrolysis)
T:tﬁ;ammcnium nitrite. Beegause of this phenomenon the next
faom@aund,ehgsmn;was one in which the nitrogen was already
hés'&ampletely oxidized as possible. The simplesi compound
‘sﬁ this character is nitromethane.

There.are.no reports of any work done on the inter-
k&eiiﬂn of nitromethane with hydrogen peroxide, The enly
1,Qﬁmious raaction would be the oxidation of the c¢arbon atom,

effected by pérhydrolysis of the nitromethane to give methy}
= §iﬁnho1 and nitriec aeid, thus:
o CH N0, + H0g——~CHOH + HONO 5.
~If this resction cecurs: there will imnmediately be further
. afzzié{g:tian of the metyl aleohol, and it should be in segord

th the work ef Fry and Payne °, whose reastions will be

get down here without further explanation.
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2 HCHO + Hg0g

2 HCOOH + Hy

2
HOOOH + HgOp —> 00, + 2 Hgo

HCHO + H,0,—HCOOH + H,0

Tt will be shown later that since none of the above-mentioned
/;‘ﬁﬁiﬁtion products was identified there is apparently no re-

 €@£19n between nitromethene and hydrogen peroxide.
Apparatus and Procedure

The geme apparatus was used except that the Milli-
- kan wash-bottles were omitted because no ammonia was anti-
 3¢£p&ted; The eonnection from the condenger led directly to
’ i4ﬁﬁan~tuba:filled‘with caleium chloride whigh was.ebnnaatad
'”fntﬁhe two #scarite towers in series.
The nitromethane weas prepared by the méthod de~
- geribed in "Orgenic Syntheses'", &g modified in this labore-
 i§nry:ﬁy Treon 2}. The method consists of neutralizing
“gaﬁleraaetia acid @ithusodium bicarbonate, heating the solu-
 §iﬁnatn 80° C., axd dropping in a solution of godium nitrite
k&a'ﬂast as the distillate comes over. When &ll the nitrite
 f§§§,h@an»&dded the temperature is raised to beiling, and the
1“ﬁ§m&ining nitromethane is distilled over. The product is
" ;f§$p&r&tedifr0mch& water in the distillate, washed with water,
 and dried over ealeium chloride. It is then distilled, the
'iffV@zﬁétienabﬁiling‘beiween'lOO° and 101° ¢. being reserved.
red.

One fifth of & mole of nitromethane was

'Qe&eh;n&aﬁti&n.EXmsk‘&nd one mole of hydrogen peroxide
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~3§Ra added. The system having prewiously beeptswsptwott with
_‘mitrogen, the water bath was heated gradually to boiling.
~ The evolution ef gas took place very slowly, so that the
heeating had to be continued for 24 hours before all gas had
Qﬁaan'@omplataly‘avnlved. The system was~thsniag&in swept
eut with nitrogen.
| | After completion of the tun the salumiaﬁs in the
‘;#ﬁﬁwtion flaskes were made up to 500 ee., the gas was measured
, gnd analyzed, and the Ascarite towers were weighed. A pe-
réuli&r phenomenon was observed when weighing the Ascarite
. ﬁqmaxa“ In all previoug runs the second tower in the series
" r&mained at practieally constant weight, showing that the
f’ébﬁorption was as good as could be expected. However, in
;:ﬁhisﬂcase both towers gained approximately the same weight,
near 0.3 grams. Sinee it is inconceivable that carbon di-
oxide should behave in thks manner, the effect must be
attributed to some other cause. It may be that small
 ¢ﬁmunts of nitromethane were volatilized during the run,
 7aa&;that they were absorbed by the Asearite. As nitromethane
*iﬁ:knﬂwn to form a sodium salt in éanaantrated agueous S0=—

wtion, this is probably the explanation of the phenomenon.

It is therefere concluded that there was no appreciable
“;,ﬂjtawunt,af earbon dioxide formed during the run.
The gas analyzed ag a mixture of oxygem and nitro-

”wnﬁaniy; The ealeulatien of the amount of active peroxide

~a§m'run~$h§wmﬂithat,pnaetiaaily 211l of the peroxide decom-
osed to yield oxygen. In the other case the amount of
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‘ ; §gziME.paroxide caleulated to be somewhat more, but there
 was s slight leak in the absorption train, which would ex-
 }§1ain this difference. It was not considered necessary to
} ~£spaat this work, in view of the fact that there was little
- if any reaction.

= The solutions from the reaction flasks were slight-

- ly brownish in color, and were not examined further.
Data

Table:X¥ presents the amounts of nitromethane and
‘ ~§@raxide~used at the start, and the amounta of exygen and

active peroxidas.

Table XV
CHzNO g Hol o Og Ho0p active
Run ugsed used found Ha0O
: moles moles moles moles m&iﬁé
. .2000° 1.000 463 .926 074

B 2000 1.000 J3R9* ~608 «34.8%

It is evident from the figures for sample A that
- there is very little reaction between nitromethane and hydro-
gen peroxide. Most of the peroxide decomposes to yield
v:éxggan.

* Leaked during the run.
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E. Glycine
Theoretical

The first step in the resction of glycine is pro-
‘bably deaminatiom to form glycollic acid end ammonia.
NH CH,CO00H + H 0—— CH,0H-CO0H + I, (e)
~ The glycolliec acid so formed should then reacty in exaetly
Z tha'same_manner ag it did in the investigation of Milstead 3,
. Me has been stated in the historical section he showed that
 fﬁhe following reactions took place:

GEEQHPGGUH.+ E.Hgg%

‘ 5 HoQ + COp + HCOOH 7 (£)
7 éHgQH—-GDOH. + 2 Ho0g——>4 Hg0 + 2 00g + 2 HCOOH + Hp  (8)
HCOOH + Hy0,——2 Hy0 + C0g. (h)
- Tt would probably be possible to stop at the stage of glyox-
,ﬁlie aeid, provided the oxidizing agent be weak enough, but
kkgilsiaad found no glyoxylié acid, and since, in this investi-
 g&mion, as execessg of hydrogen peroxide was used, there should

~be no glyoxyliec aeid in the solutions after the run.
Apparatus and Procedurs

The apparatus used in thig work wes the same as
that described under the section on acetonitrile. The gas

 §@§&,£&£ sweeping out the system was nitrogen.

ey One eightl of a mole of glyeine, Exsimen (ammonia=
| 7“ﬁraa.), M.P.250~236" dse. , W&S'weigh&d.inﬁo each flask, and
 one mole of peroxide was added. The bath was as usual

Brought gradually to the boiling point, and after complete
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- ewolution of gas the system was swept out with nitrogen.
: The gas cocllected in the gasometers proved to be
only oxygen and nitrogen. No hydrogen was found, thus ex-
gluding the possibility of reaction (g). Only small amounss
.3Q£ tﬁrbdn dioxide were found, and no formic acid was found in
   §§§4aaluti0nsatrom the reaction flasks, thus necessitating
 A'i~&faummatiun,ef'aquations (£) and (h), to give equation (i):

LOH-COOH + 3 H 05— 2 0, + 5 H,0. (i)

2

?Hé

Data

» Teble XVI contains the initial amounts of reagents,
;u §nd;the yields of carbon dioxide and oxygen.
v; ~ Table XVIT records the amounts of a&rbun;diﬁxide,
~the amounts of peréxide required for their formation accor-
~ding to equation (i), and the aétive peroxide as e¢alculated
. from the yields of oxygen and the initial peroxide.
For convenience in reference the necessary equationsg

 are here repeated.

HHgCHﬁCQCH + HSG*—~—€>GH20HFCUQH 4—EH3 (&)
CHQQHPCQQH”+ 3 Hégg—~——4>2 CUE ﬁ-$~ﬁé0 (i)
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Glycine HgO o Og CQg
~“Run used used found found
moles: moles - moles molesg
e ‘
& «L25 1.0Q0 ~ 449 0094
B ~125 1.000 442 L0132
Table XVIT
Cog Ho0g active Ho0g
~Run found aq,(l) eq.(z) HoQo unaceodunted
St moles moles moles moles for, moles
A L0094 L0143 .898 .108 10877
B L0132 0198 8584 116 L1062

It will be seen that most of the active hydrogen

_;ggrqxiae,ramains~unacoounted for by the above equation (i).

\f;ﬁbforther-warkwwas'dens on thig compound because of ihe:

i‘, ~siigﬁt extent of oxidation to carbon dioxide.

Theoretigal

F. Hydrogen Cyanide

Hydrogen peroxide in the presence of hydrogen per-

L gkide may undergo both hydrolysis and perhydrolysis, the

 former yielding ammonia and formic acid, and the latter

 producing ammonia and carbonic acid.

HCN~+ 2 H, 20—-~9-H03051+'NH

f7a rormic asié may be oxidized to earbonie seid, thus:
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f@gtions‘(i) and (k) mey be summed up in the one equation:
HON + Hg0g—= COg + NHx. (1)

  Thé formation of axamide may be represented as follows;

B HON+ HgOp——> (M) + 2 Hy0
(GN)2-+ 2. Hgo————~>("DNH2}2,
  &nd by adding these two equations;
2 HON + Hg0 = (CONHy)g. - (m)
- Eguation (m) may be ﬁisregarded'beoause;oxamide was found

~ aniy in one run, and it was impossible to determine the

f@?ﬁﬁﬁiﬁy of it in this case..
Apparatus and Procedurse

Since hydrogen cyanide boils at 25° ¢. it may be
expected to volatilize and pass through the condensers into
,ﬁha~absorption:train with the other gaseous products. It is

 £E§ﬁﬁ3sary to know just how much of the initial hydrogen cya-
~; §1§3 has thus esmeaped reaction, in order to caleulate the
wuﬁaunt.whicﬁ;has been attacked by the peroxide.

For this purpose a modified absorption train was
‘developed. The Millikan wash-bottles eantaihed 100 cc. saech

' é£~nerma1,nitrie acid and normal silver nitrate. The nitriec
7f &ﬁ1d;was used for absorbing ammonia, and the silver nitrate
\+; wgguus@d to absorb the hydrogen cyanide. The amounts of
ﬁ%fﬁhsss.two solutions were caleulated to be glightly in excess

of the total possible yields of ammonia a&nd hydrogen cyanide.

Ammponia was dstermined‘by the difference in the

‘“;ﬁgﬁgiﬂify of the solutions before and after the run. If mueh
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  f§¥§ﬁida was volatilized, a correction had to be applied.
”waﬁeveyanide reacts as follows:
HGN;+-AgN03f-—e>HN03;+-AgGH.
;’Ear‘every molesule of silver cyanide formed, one molecule
- of nitric acid would also be formed. The amount of nitrie
, §§id.fbrmed in this way had to be subtracted from the amount
5'ﬁbun&.in:tha:salution after the run. The remainder was then
. subtracted from the initial amount of nitric aecid. The final
remainder was than,aqﬁal,tc the amount of ammonia absorbed.
: The solutions were also titrated before and after
 <§§£~run with tenth-normal potassium thiceyanate, with ferrie
\{fiaium~as indicator. The difference in the amounts of silver
5 §i£r&te before and after the run was egual to the amount of
o  b§yﬁragenacy&nide.volaiilized.
It wag found by experiment that the tips of the
’~ ’tuﬁes.in the Millikan wash-bottles became e¢logged very
| dﬁ&ily. This was because of the formation of only & small
- -ampunt of silver cyanide, which was a Quite~volumfnousv
. precipitate. A modification was made by plaeing an ordinary
: gas wash-bottle immediately preceding the Millikan wash-
 bottle in each train. Most of the nitric acid and a small
 _§§bunt.of the silver.nitrate solutions were placed in this
i inrst bottle, while the remaining nitrie acid and silver
vvifﬁitr&te were placed in the Milliken. All silver cyanide

V.QRQE formed in the first bottle, and. the second served merely

‘& check. The presipitate was formed in the @em@&r&tivaly

gggastﬁhapih,theuiinstrwnahabnttlﬁ, and it would usually

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



-45-

vﬁﬁeﬁme'dislodged apd fall to the bottom. Most of the acid
»IWaa placed in the first wash-bottle in order to insure that
the solution would always remain acid, so that it would not
';Fabsnrb any carbon dioxide.
| One additional Millikan wash-bottle wes placed in
~each train in plaee of the Ascarite towers and ameompanying
drying tubes. These Millikans contained 200 cec. o¥ approx-
-im&tely normal sodium hydroxide, which was designed to
~ absorb all the carbon dioxide liberated. The carbon dioxide
, énn§ent of the sodium hydroxide was determined before and
~after the run by titrating portions of the solution with.
»}:Qtandard acid, using methyl orange ag indicator. Other
}~  '§ar£ions were titrated very slowly with standard ascid and
xpﬁenolphthalein in the presence of excess bariunm chloride.
 Tﬁs¢barium’¢hloride reaeted with any carbonate present to
 form insoluble barium carbonate, which was nét affaeted‘by
the aeid provided the titration was carried out slowly.
| The titration with methyl orange gave the total
&lkali, both free and combined, while the titration with
' - phenolphthalein and barium chloride gave only the free alka-
~ Ii. The difference between these two values was equal to
. the amount of carbonate in the solution.
The Millikan wash-bottles were substituted for the

3 ;§§@@:£$6'towens;bmsanae it was feared that some nitric acid

 5nfﬂ$§§£,val&ﬁilisﬁﬁ,ané:tharnfora»wﬁuld‘bs weighed asg carbon
oxide. fWItﬁ’thia"mcdification small amounts of aeid would

_mot oause any error, because the difference between the
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_! £rae and total alkali was determined, not the ﬁlkalinity.
o By meking several preliminary runs it was found
that this method of absorbing carbon dioxide was unreliable,

 Beeause some of the carbon dioxide escaped absorption. Much
f:kbbﬁter‘rasults wera obtained from the Ascarite towers and

;‘,théir~aecumpanying'@rying tubes.

i The hydrogen cyanide was prepared from powdered
 potassium eyanide, C.P.. The potassium cyanide was placed
_in & 500-cc. flask, and a two-hole stappar‘aarrying1a‘dro§-
‘uiging funnal and an outlet tube was inserted. The outlet
~tube led to an inverted funnel in a beaker of digtilled
=u§ter,.whieh was set in crushed ice. Sulfurie acid, one part
“of acid to one of water, was dropped onto the cyanide. The
< gaseous hydrogen cyanide was liberated very eopious}y, and
ik ﬁas,&bsarbed‘in the beaker of water. It was found adviseable
r ;fn place & U-tube filled with dry glass beads in the tube
teading to the absorption vessel. This U-tube Was‘auspanded
 ¥iﬁ & Beasker of water meintained at not more than 40° ¢., and
‘gerved as an excellent fractionating column for removing
:higher-boiling*palymers of hydrogen eyanide. It was found
~ fmgcasible to keep the solutions of hydrogen cyanide for
k»ﬁmﬁgn:more than a day, so they were prepared as needed.
The strength of the hydrogen eyanide solution was
N‘[@Q&arminedlaecording to Liebigta method, as deseribed by

 ;;$@3&&%@11=§&11~33~ Ten ce¢. of the solution were pipetted:

79@@,33lﬁagée;‘ﬁaiumﬁtri@ flagk and made up to velume.

yluted solution were titrated im

n-¢c. aliéééﬁé“afiﬁh&x
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~ excess potassium hydroxide by tenth-normel silver nitrate.

i@\AtgmallAamount of potassium iodide was éaded'ﬁevsharpen.the
‘1énd~point. The desired amount of hydrogen cyanide solution
 eould be run into the reaction flasks from a measuring 
pipette.

Nitrogen was used to sweep oul all residual gases,
and one tenth of a mole of hydrogen cyanide was placed in
the reaction flasks. The proper amount of peroxide was run
in, the solution made up to the desired volums, and the appa-
;ﬁ&ﬁus was connected. All the runs made on hydrogen cyanide
‘were allowed to stand at least sixteen hours before being :

; ;hé&tedm The one in which excess cyanide was used was allowed
u ” £b»3tand two days before heating. After heating and com-—
”14 ¥?&5£9 evolution of gas, 25 cc. of six normal sulfurie acid

,,ﬁﬁ@ﬁpplaaadfin‘each dropping funnel, and allowed to run down
; t§£ condensers, removing and re&ecting with the ammonium ear-
“' f§£nate. The systemdwas«theh swept out with nitrogen.
| Runs were made using one tenth of a mole of hydrogen
f@yanidb,v&nd'one mole, one tenth of a mole, and one twentieth
of a mole of hydrogen peroxide, respectively, in 125 ce. of
 golution. The run with excess hydrogen peroxide gave the
~g&£ma results as the ome in which the paraxide,wms in the

f!ﬁpﬁ molar &nneantratlon as the @yaniéa g0 1t will not be

vuf}disausse&; It was necessary to use a definite. volume af

s ‘Vfa'atlution because it waa impossible to prepazr:a the hydrogen

@yaniﬁa in tha,snme eoncentration for each run. ﬁnatﬁnr tun

‘mede using ohe tenth of x mole eash of eysnide and per-
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\éxida in 250 ce. of solution; i.e., just half the concentra-
‘  l1§iﬂnkof the other runs. The amounts will be rgferred to in
V tha tables as one twentieth of & mole each, and the results
 will;be calculated on this basis, considering these amounts

a8 having been in 125 cc. of solution.
Data

’ Table XVIIT records the amounts of peroxide and
@y&nida used, the yields of earbon dioxide, ammonia, formic
‘#@id;and oxygen. | |

Table XIX contains the yields of carbon dioxide,
:>the theoretical yields according to equation (1), the per-
a ?ééntage yields, the amounts of peroxide required by the
‘equation, and the active peroxide, or the initial peroxide
less that equivalent to the oxygen, equation (z).
4‘ Tabls XX contains the yieldS'af forméd acid, the
_smounts of cyanide required Dby the equation (J), the amounts
v fﬁf eyanide required by equation (1), the amounts of eyanide
ir&uavered,unraacted, and the total amounts of cyanide
accounted for.
| Teble XXI,eoﬁtains the yields of ammonia and the

»- »yialds of ammonia ealculated according to eguations (j) and

The two eqpaﬁiéns required for these calculations
:‘jggﬁﬁ;ﬁera repeated.

o HCN ~+ 2 HpO —— HCOOH + NHz (3)
Haﬂk+~Hé62—~——ﬂ>002-+-ﬁﬂs~ (L
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-GG

v HON  HgO NHz HCOOH co 02 HCN
Run used use found found found found unreacted

moles moles moles moles moles moles moles

IA .100 .100 .0914 00575 .0865 ..0056 00126

B .100 «100 .0882 ,00597 L0827 0 L0068 trace

ITA .100  .050 — -———  .0286 .0110  .0448

B .100 .050 - - 0364 L0094 ,0422

‘iiIIAi 050 .050 L0470 .00431 0404 .0032 trace

- ..B .0580 .050 0455 ,00429 . Q404 0031 trace
Table XIX

DS ﬁ HO Ho0

- ‘Run foung' eq. (%) aq?(%) eq?(g) ae%i%a, accoénted

. moles: moles eq_(%) moles  moles moles for

e _(cale) (cale)

. IA .0865 .,1000 8B.5 .0865 .30ll2 .0888  97.4
B .0827 . 1000 ‘82 7 0827 .Q0136 0864 95.8
IS .0286 .0500 57.2  .0286  .0220 .0280  102.0

B .03%64 ,0500. 72.8 L0364 L0188 LO3ER. 116.7
CIITA .0404 .0500 80.8  .0404  .0064  ,0436 92.6
B .0404 .0500  80.8 .0404 .0062 .0438 92.2
Table XX
, HCOOH HCN=G= HCN HCN total HCN % HCN
Run found  HCQOH =#£=C0 unreacted aceounted for accounted
' moles eq.(J) eq.(l? moles moles for
moles moles
IA& .005%75 .00575 .0865  .00lz6 0935 93.5
B .00597 .00597 L0827 trace L0887 88.7
IIN o ——— —-— 0286 0448 L0754 73.4
ﬁG&&l 0404 trace .0447 89.6
; . Q447 89.6

0404

trace:
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Table xXI

: NEix NH: NHsz, total KH |
~ Run found = HCOOH =%= CO eq.(j)+(l§ % NH.
. moles eq. (J) aq.(l? moles foun
moles molesg
S1E 0914 005875 L0865 .0924 88.9
B .0882 . 00597 .0827 L0887 99.4
ITA — _— .0286 ——— _—
B —— —— L0264 ‘ —— —_—
- ITIK L0470, .00431 ,0404 00447 105.1
TR -y .0455 .00429 .0404 L0447 101.8

The amounts of formic acid and ammonia in the re-
‘éidu&l solutions in run II could not be determined because
,W~;3§pgh@xgess of hydrogen cyanide had.gulymexizaﬂ, yielding a
'»Higgk,precipit&ta\in a brown sclution. Some crystals of
‘ﬁxﬁmideAwera,observed in these solutions, bhut the amounts
‘7-;éauld'nnt be determined because of the interfering polymers.
‘H& axamide was observed in either of the other runs.
It will be geen that 80-90% of the initial hydro-
l:gﬁn:ayanid;fwas~aacounted for in runs I and III. What be-
 eeme of the remainder of the cyanide is as yettunknown,
Approximately eighty per cent of the cyanide was
r_quidizedjtn carbonic acid, which is in agreement with the

 jﬁnmport»of Masson on his work on Potassium cyanide, see page 12.
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GENERAL SUMMARY AND CONCLUSIONS

The quantitative study of the action of aqueous
hydrogen peroxide on:simple organic compounds has been ex-

- tended to simple carbon-nitrogen compounds; Mamely, ethanol
>~amine, urea, acetonitrile, nitromethane, glyeine, and hydro-
fgan;ayanida. In those cases in which extensive reaction
~oceurred the propogsed equations were verified by the amounts

 of products:ebtained and the quantities of hydrogen peroxide
 partiaipating in the reactions. The general sumnary and

. eonelusions are as follows:

A. The action of hydrogen peroxide on ethanol

“amine in solution at 100° C. gave very inconsistent results,
- which were attributed to the marked alkalinity of the solu-
tion of the amine. Somewhat over fifty per cent of the amine

.~ was oxidized to earbonic acid, and considerable quantities
- of emmonie were formed, showing that the amine was hydro-

. Iyzed to glycol, thus:

. NHgGHZGHzGH —+ H‘BO.-—*----“> GHz()H-CHzOH + }.\IH.‘5 .

~ Tests for mitric acid showed that ammonia was oxidized not
_enly to mitrite,

| 4 H 0 -+ HONO,

e
v < P>
byt &lso to nitrate, by the action of the peroxide. Effront

NH3'+ 3?H20

:1 got the same resultg in an acid solutien.
B. Urea is not oxidized by hydrogen peroxide, and

- is only hydrolyzed to & small extent. The presence of urea

;«ginita,th&;deaamposition of hydrogen peroxide below 60° C.,
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- mwhile above this temperature the hydrogen peroxide decompossed
© according to the equation:

2 Hg0 + 0g. (z)
C. Acetonitrile feaeted with hydrogen peroxids,
' ,¥1ﬁIﬁiﬁg practically the same results in either aeid or
;4;kéﬁtral,solutiona. It was hydrolyzed to ammonia and a@etie‘
‘gﬂid to approximately seventy per cent of theory. The reac-

"ﬁiUnS'Qf acetic acid with hydrogen peroxide as studied by

 anne:2‘a1sa occurred in this case.
”H3COOH’1-2 H202—-*4>2 HCOOH + 2 Hgo (a)
CH»COOH + 4 Hg0g—>2 C0g + 6 HgO. (b)

}«jwaéaation (a) occurs to less than one per cent of theory,
-’H;tépﬂbably because of the excess peroxide, which would oxidize
' «fﬁﬁa formie acid to carboniec aeid. Reaction (b) G§curs to
~ roughly twenty-five per cent of theory. The oxidation of
- cammonisa to ammonium nitrite, which yields nitrogen, is
‘gunmarized in the equation
2 NHz + 3 Hl0g—>lg+ 6 Hg0, (®)
l;whichfoceurStto from thirty to forty per eent of theory.

The perhydrolysis mechanism is thus upheld by the
rk;rﬁactions of acetonitrile with hydrogen,perexide, especially
“f Ey:the one in which ammonia is oxidized.

s, D. Nitromethane remains practically unaffeected by .
ffl;hydragen perexi&e, showing that the reactions
: Cﬂzﬂﬁ -+'H'0—~—~ﬂ~CE$6H-+'Hﬂﬁa

Gﬂéﬁ§2~F HEQEF---83598 +-EEN83
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;Qsﬁ§§¥not take place to any appreciable extent.
E. With glycine and hydrogen peroxide lessg than
ten per cent of the initial amount of glyeine is oxidized
; is'earbon dioxide, according to the equation
 NHROHCOOH + 3 Hg0g———= 2 0y + 4 HyQ + NHy.
The amount of peroxide required for this oxidation is wmuch

Iess than that actually used in the esperiment.

F. Hydrogen cyanide reacts almost completely with

‘hydrogen peroxide when the two reagents are used in the one-
 to-one ratio required by the equation

HON + Ho0g—> C,Dg-l- NHy . (1)

&ppraximately eighty per cent of the,eyanide.isroxidized to
'ﬁf&@fbﬂn dioxide and about six per cent more is hydrolyzed to
formie acid. No oxamide is produced. The remainder of the

ayanida has not as yet been accounted for.

v When the ratio of e¢yanide to peroxide used was
1 ﬁﬁn~to~one, betwsen twenty—eight and thirty-six per cent of
;fﬁh67initial.eyanide was oxidized to earbon dioxide, and a
- gquantity was oxidized to oxamide. A great deal of the

ramaining eyanide polymerized in the solution, thus preven-

~ting the further examination of the solution after eompletion

.of the run.

The equations for all of the reaetions whieh were
found to oeeur were explained in terms of the perhydrolysis

 mechanism of resction,
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