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INTRODUCTION AND OBJECT

fiin a previous study of the reducing action of several

11s on nitrobenzene in sodium methylate solutions(l), it
8 found that, as naturally expected, the nitrobenzene was
: uvantitatively reduced, presumably by the sodium methylate
ﬂﬁig‘;@nformity with the Klinger reaction(2) to azoxybenzene.
3 ) unexpecﬁedly, many liters of hydrogen were liberated

f ﬁhen this reaction was conducted in the presence of finely
3ivided, metallic lead.
 The problem thus presented was to explain the action of

lead in effecting the evolution of such large volumes of

A preliminary approach to this problem was an investiga-

;iticn conducted to determine the effect of increasing concen-

*ations of sodium hydroxide and of nitrobenzene, relatively

and;respectively, upon the nature and extent of the occurrence
}?,Lhe Klinger reaction in methyl alcochol solutions. It wasg
;ginéeed, quite a surprise to find that, with increasing concentra-
;étiéns either of sodium hydroxide or of nitrobenzene, hydrogen

_ was evolved in increasing volumes. This entirely unexpected

élt has not previously been recorded in the literature.

. The problem thus became twofold; first, to explain the
ifévolution of hydrogen as an accompaniment of the Klinger reaction
?jépd second, to explain the more abundant liberation of hydrogen

‘hen the Klinger reaction was conducted in the presence of finely
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These explanations, in view of extended reseérehesﬁin‘

' “f1aboratory on the Klinger reaction, will natufail?,be
é;uﬁon mechanisms of the reactions previously propoéed
Pry and co-workers (3). The intermediate reactions, en-
ing the amphoteric dissociation of sodium hydroxide, their
;:_ariial and complete summations, cﬁlminating in the final

tion for the Klinger reaction, are represented as follows:

CH,OH + NaOH == CH,ONa + H,0 a
~ CH,ONa + NeOH — CH, (ONa), + 2H . b

~ CH, (ONa), + H,0 — CH,0 + 2HOMe. ¢
Za,bye CH,0H —> CH,0 - 2H | A
- CH,0 + NaOH —> HCOONa + 2H B

A,B CH,0H + NaOH —> HCOONa + 4H c
4C H,NO, + 12H — 2(C,H,NO + 6H,0 D

4C, H, NO, + 3CH, OH-+ 3NaOH —>3HCOONa + 20 H,N,0 + 6H,0  E

. The above reaction mechaniem scheme entails the oxidation
i¥§f s9dium methylate to sodium formate and the concomitant re-
. ’ t;en of nitrobenzene solely to azoxybenzene, The hydrogen
4 ‘:;_d:in the intermediate equations presumably is not liberated
{i,aé éééeous hydrogen. As far as the reaction mechanism séheme is
i}éoncerned, it immediately funetions in the.reduction of the

: '§robenzene and there is nothing whatever in the reactions to

.cate the possibility of the formation and liberation of

drdgén nor has any previous investigator observed or recorded
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u - _As noted, in preliminary experiments of the present study,
-1t was found that when concentrated solutions of sodium hydroxide

Vethyl alcohol reacted with nitrobenzene, hydrogen was evolved

ppreciable volumes. Furthermore, when finely divided 1ead

was incorporated in the Klinger reaction mixtures, the volumes

QVof hydrogen liberated were many times greater, and, let it also
' oted that the nitrobenzene was further reduced to azobenzene
‘5;in the higher concentrations of sodium hydroxide.

_In order to arrive at a possible explanation of these un-

,eeted observations, the first part of this research was limited
’fte‘the Klinger reaction and the effeet of increasing concentrations

5faf sodium hydroxide and nitrobenzene in relation to the wvolumes of

rogen liberated and the nature and quantities of the products
‘reduction, v

- The second part of the investigation embraced a repetition
. aﬁﬂéxperiments conducted in the first part, but with incorporation
arying molar quantities of finely divided lead in the various

. Klinger reaction mixtures. Here, marked variations in the volumes
”Qng;hydrogen evolved and in the nature and extent 6f the reduction

~3g§réagcts obtained were observed,

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



4
HISTORICAL

Tpe reduction of nitrobenzene to azoxybenzene has been known

ce 1845 when Zinin (4) first prepared azoxybenzene by the
on of alcoholic potash on nitrobénzene. No equations were
gested for the reduction of nitrobéﬁzene to azoxybenzene.
,&5:éxejew (6) used sodium amalgam to reduce nitrobenzene in
 a1coholic solution, He also states that zine dust, in the
Qiﬁgéence of small quantities of alkali, acts in the same manner
ias sodium amalgam.

| Ragenack (6) found that sodium hydroxide and aleohol would

”;gert nitrobenzene to azoxybenzene if the nitrobenzene is added

Qin small quantities while the solution is being refluxed. He

e &gﬂ that completely dry nitrobenzene is not attaeked by sodium
ébdium amalgam, but when a few drops of water are added, a
vfreacticn occurs at once and azoxybenzene results.

Schmidt and Schultz (7) prepared azoxybenzene by the action .

iiﬁwalcoholic potassium hydroxide on alcoholic nitrobenzene. They
- mention by-products of aniline, oxalic acid and a dark resinous
~igﬁbé£ance similar to the biazoxybenzoic acid of Michler (8)., In
fié@é,HWeiler (9) prepared azoxybenzene by the use of iron and
;Qéed;um hydroxide. Loesner (0), in 1909, used sodium hydroxide

_and arsenious acid to reduce nitrobenzene to azoxybenzene.

, jiKlinger (2) devised a new method for the reduction of nitro=
 benzene to azoxybenzene in which he used sodlum and methyl alcohol
;;ag,the reducing agents., A yield of 85-89% wag obtained.

A;, Moltschonowsky (1) repeated Klinger's work and obtained
emewhat lower yields., Bruhl (12) obtained almost quantitative
if&iéids by adding methyl alcohol to finely divided sodium in xylene
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5
;and then boiling the mixture with nitrobenzene for seven hours.

. Lachman (3) also repeated Klinger's method and obtained

better yields, 95 and 97%. He states that the water present
hé~alcehol has little effect upon the yield of azoxybenzene,
- Evans and Fry (4) obtained a 90% yield of azoxybenzene by
fghé‘action of magnesium and methyl alcohol on nitrobenzene, The
: ?fgsium methylate formed has no reducing action. It is chiefly
he hydrogen liberated when magnesium reacts with methyl alc¢ohol
?ﬁ@&t‘reduces the nitrobenzene.

f$ﬁowden (15) liets several known methods, chemical and electrical,
Qférﬁféducing nitrobenzene to azoxybenzene,

-O0f all the methods that have been cited, that of Klinger has

’“aaopted as the standard method for preparing azoxybenzene
om nitrobenzene, Klinger's method is comparatively simple and

‘has the advantage over many of the other methods by virtue of the

_fact that there are formed no secondary reduction products such

azobenzene or hydrazobenzene, |

~ An historical development of the Cannizzaro reaction may be
found in the Ph, D. thesis of J. W. Price ( U.C. 1931),

e No references on the reduction of nitrobenzene by metallic

f;ég@Qand sodium hydroxide could be found in the literature,
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6

' THEORETICAL
(A) THE KLINGER REACTION

While a reaction mechanism scheme has been proposed for -

Klinger reaction (herewith repeated for the sake of referenee),

the

CH,OH -+ NaOH — CH,ONa + H.O a

CH,ONa -+ NaOH —» CH, (ONa), + 2H b

CH, (ONa) + H,0 —~CH,0 + 2HOha ¢

Zagbye CH,OH —>CH.O —+ 2H A
CH,O -+ NaOH —> HCOONa + 2H k B

ZA,B CH;OH —+ NaOH —> HCOONa —+ 4H c
. 4C,H,NO, +12H —» 2(C,H,N), O  6H,0 D
73CyD  4CH,NO,+3CH,OH + 3NaOH —>3HCOONa + 2(C,H,N)O +6H.0  E

ﬁz@lfg@a» cannot state with certainty which of the reactions A or B or

heir sumation C is the source of the liberated hydrogen,

4 Since there is an excess of sodium hydroxide and methyl
;jﬁalaéhal i.e.y more than enough to reduce the amount of nitro-
bﬂnzcne used in conformity with the equationm for. the Klinger
lireaetien Ey) 1t is possible that reactions A or B or their 4
,};samatien reaction C, is the source of the liberated hydrogen,

| Heping that further light might be shed upon this question,
\‘;an ext.ensive study was made to determine the effect of increasing

.l'eﬁaeentratzons of both sodium hydroxide and nitrobenzene upon

minger reaction,
. TBE KLINGER REACTIOE' IR THE PRESENCE OF LEAD 7
 As previously noted, the addition of lead to the Klinger

eaction mixtures not only (a) increases greatly the yield of
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hydrogen, but also (b) with higher concentration of sodium

hydr@xiﬁe leads to the formation of azobenzene in addition to
]faz xybenzene.

How does lead affect these changes? Several
estions may be considered,

1.

If lead catalyzes any or all of the intermediate reac-

by explained.

tiens, A, B or C, the increased evolution of hydrogen may be
2e

If all of the theoretically available hydrogen is not
evolved, it would naturally effect more extensive reduction,

by accounting for the formation of azobenzene in addition
. to the azoxybenzene,

In fact, all runs with lead present yielded
abundant quantities of hydrogen accompanied by the formation of

3.

Another explanation for the increased formation of hydrogen
is suggested by the possibility of the interaction between lead
' d'sodium hydroxide according to the equation:

Pb + 2NaOH —» Na, PDO, + 2H

F
While lead and an aqueous sodiam hydroxide or methyl alcohol

seluticn of sodium hydroxide do not react according to the above

equatien under the conditions that were employed, lead will react
yith fused sodium hydroxide.

Accordingly, one would hesitate to
kgﬁa@glate thie reaction as the source of the hydrogen.

Lastly, an explanation may be found in the well-known
property of lead in the presence of oxygen and water to form lead

hydroxide and hydrogen peroxide in conformity with equations:
. Pb+ 2H,0 +0,—»Pb(OH), + K0,

G
Pb(OH) -+ 2NaCH — Na, PbO, -+ 2H,0
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8

3 It has been shown by Fry and Paine (19 that hydrogen
peroxide will, in dilute solutions, oxidize methyl alecohol to

‘,ermic acid with the liberation of hydrogen according to equations:

2CH,0H + 2H,0, —> 2HCHO + 4H.0 a
2HCHO + H,0, —> 2HCOOH + H, b
f“jigib ~ 2CH,0H + 3H.0. — 2HCOCH -+ 4H,0 + H.. I

/'  Accordingly, in reaction mixtures of lead, sodium hydroxide,
a Qmethyl alecohol, and nitrobenzene, it is conceivable that the nitro-

' ene supplies the oxygen necessary for the above reaction and

, he’hydrogen peroxide intermediately formed would in turn react
th]With the methyl alcohol to yield hydrogen.

°”[‘ The following reaction mechanism scheme embodies the above

4C, HoNO, — 2(C,H,N)Q -+ 60 a
3Pb + 6H,0 + 60 —> 3PB(OH), -~ 3H,0. b
3Pb(OH), -+ 6NaOH — > 3Na,PbO, 4 6H,0 ’

2 a ,b, ¢  3Pb-+6NaOH +4C H,NO, > 3Na,Pb0, +2(C.H N)O+3H,0, J
| " Thus, it is conceivable that lead and sodium hydroxide may
S;~effe¢t the reduction of nitrobenzene to azoxybenzene accompanied

Uw the formation of hydrogen peroxide (equation J), Furthermore,

“ﬁﬁhéghydr@gen peroxide thus formed may oxidize the methyl alcohol
;,'té formic acid with the liberation of hydrogen according to the
fgfébove noted reaction I.

Reactions J, I and D may occur simultaneously. The experi-

al part of this Investigation is designed to test the
dity of the above suggestions,
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9
EXPERIMENTAL

~ All of the reactions investigated in this study were-con=

cted in duplicate. In general, the reactions were run in one

r three-necked, round-bottomed flasks. The large center

ck of the flask was connected with a mechanical stirrer through
vaagxn'ercury seal in order to provide constant stirring for the
u"‘ation of the reaction, The flasks were securely attached to
,“flux condensers of thirty centimeters length. The upperfend :
ffef the inner tube of the condenser was fitted with glass tubing
‘“" @andnet the evolved hydrogen through a gas washing bottle

td‘a graduated eight-liter bottle, serving as a gasometer, The

;third neck served for the introduction of the components of the

aa@&ien mixtures. All connectioms were made of heavy rubber
hgé wired and sealed to prevent any leakage of gas. The

hydrogen was collected by displacement of water from the gasometer,

The flasks containing the reaction mixtures were heated, in each

\ ex@erimental run, on constant-level water baths, kept at the boil-
g temperature, for the same length of time, four hours,

:  . The volume of hydrogen evelved in each run was calculated to
,f&tandard conditions and the identity and ylelds of the reduction
gﬂg&aéucts of the reactions were determined by methods that will be

~%$x91ained for each phase of the investigation,
(A) THE KLINGER REACTION

' The Klinger reaction was studied with the view of determining
10t only the per cent theory yields of azoxybenzene, but, more

 écially, the volumes of hydrogen evolved when concentrations of

‘_sedium hydroxide and nitrobenzene were relatively varied.,
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10

 The volume of the reaction mixture in each of the runs, conducted

f i§M§gplieate, was about 350ce. Three different eencentratiens of
‘5§ﬁ hydroxide were used; namely, 100g., 150g., and 200g.

olved respectivelykin a mixture of 200ce. of methyl alcohol and
Oce.of water, To each of these mixtures were added respectively,
¢r .2; 0.3, and 0.4 moles of nitrobenzene, Thus, this part of the

'figygstigation entails nine experimental runs in duplicate.

The following is a description of an experimental runs
Twenty-five grams (0.2 mole) of nitrobenzene was dissolved

 ;1n72®@¢c. of absolute methyl alcohol contained in a one liter

v,ﬁééfnecked flask equipped with a mechanicallstirrer and a return
;*cendenser. The mechanical stirrer was connected to the flask

fﬂthtqugh a mercury seal to prevent loss of volatile products. The

condenser was connected by securely sealed glass tubing to
fthe gasometer. 100g. of distilled water and 100g. of C.P.sadium
;;hyﬁroxide pellets were then added to the flask by means of the

ird neck. The flask was immediately sealed with a rubber
opper because éodium hydroxide reacts immediately with water.
;'C@ﬁeiderable heat was liberated,

. The flask containing the reaction mixture was then heated

Q,én,atconstanx—level water bath at boiling temperature for four

v ‘ 7{8, at the end of which time the reactions were practically
 completed.

e The excess methyl alcohol was distilled off and the reaction
? mixture steam-distilled to remove any remaining traces of une
fgﬁéacted nitrobenzene, The reaction residue, thus obtained,

f, §9nsisted of a hot concentrated aqueous solution of sodium hydroxide

‘ﬁ;garrying the insoluble reduction product of nitrobenzene

.;;gézoxybenzene), in a melted state, floating on the surface.
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11

When this mixture was poured into about one liter of cold

water, the azoxybenzene crystallized and was filtered off on a
Buchner funnel, pulverized, washed repeatedly with cold water,
"ed, and weighed. Further purification of the reduction

;adnct was unnecessary, since it melted at 36°C,, the melting
.,peint of pure azoxybenzene,

\kAny hydrogen gas evolved during the reaction was collected
‘the gasometer and measured, A preliminary blank run was made:

3ite‘determine the volume of air forced into the gasometer by the
- etﬁ&l alecohol vapors., The volume of hydrogen, thus corrected,
f w&sacomputed to standard conditions.

: ~ The following table I indicates in column 1 the number of

‘  eh;qup1icate run, The concentrations of sodium hydroxide and

,ébenzene are given in columns 2 and 3 respectively. Column 4

' %{é’éords the volume of hydrogen calculated to standard conditions.
i order to compare as closely as possible the ratios of the
nereasing volumes of hydrogen liberated to the corresponding
7§§aasing quantities of nitrobenzene present in the several
 :péé§tion mixtures, the volumes of hydrogen (c¢olumn 4) were
E%ﬁdiéided by a common divisdris. The quotients are tabulated in

elﬁmn 5, Column 6 records the yield of azaxybenzene in grams,

cﬂ‘aalumn 7 recordé*the corresponding per cent theory yield.
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TAHRLE 1
i KLINGER REACTION DATA |
= 3 4 5 6 7
I Conc., Cone,  Volume Ratio Azoxy=- Theory -
e of of of H, of benzene yield -~
NaOH C,H:NO, (BIP) H,yields yield azoxybenzene
Ee mols ce, £ % -
I a 100 L2 163 1.61 18.8 93,0
b 10 L2 163 1.61 18.8 92,8
~IT a 100 .3 371 3,67 28,9 95,8
e B 100 .3 335 3.31 28,8 95,6
 IIla 100 .4 410 4,06 37,9 94,2
&) 100 4 370 3.72 38,_,1 94,8
IVa 150 L2 622 2,54 0.1 94,9
L 150 .2 590 2,26 19,0 94,5
b 150 3 772 296 29,0 96,0
VIa 150 +4 967 3,70 33,4 95,5
b 150 pY- 067 3,70 38,3 95,2
Vila 200 L2 1012 2,21 19,2 95,4
IIa 200 .3 1322 2,92 29,0 96,0

200 4 1776 3493 38,4 95.5

- Examination of the data of above table I reveals the
falleﬁng factss
| 1. The per cent theory ylelds of azoxybenzene in all the runs
fa{ere remarkably uniform, variations lying between 92 and 96%
Q’eéry. This uniformity is undoubtedly due to the fact that in
az'y run there was an abundant excess of the reducing agent,

se&ium methylate, present to insure complete reduction of the

- mitrobenzene to azoxybenzene.
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~ﬂ:f2,'ﬁith inereaging concentrations of nitrobsnzenekané~idéﬁtigg;
Teenséntrgxigns of godium hydroxide, increasing volumes of hydrogen
obtained,

VyiThe quotients noted in column & comparing the increasing
1ds of hydrogen obtained with successively increasing concen=-

;’t?ations of nitrobenzene, .2, .3, and .4 moles, respectively, show

‘fﬁhﬂ&*there is no exact mathematical proportion existing between
i‘re coﬁcentrations of the nitrobenzene and the hydrogen evolved
“4n the runs I, II,and III with 100 grams concentration of sodium
; §¥&?§:166 and in runs IV, V, and VI with 150 grams concentration

. .‘,dium ‘hydroxide, but it is of particular note that the increas-:
»f*ing yields of hydrogen in runs VII, VIII, and IX with 200 grams
. itratlan of sodium hydroxide are virtually directly propor-
kﬁhi to the increasing concentrations, .2, .3, and .4 moles of
E*th@.nitrobenzene present, _
- 4, with increasing concentrations of sodium hydroxide and
fé tical conqentraticns of nitrobenzene, the volumes of hydrogen
;védAalso inereased, but not in mathematical proportiions,

‘This new discovery that hydrogen is evolved during the course
{:ef the Kiinger reaction and that with increasing concentrations

fﬂ,ither of sodium hydroxide or of nitrobenzene, increasing quanti-
: f?ef hydrogen are evolved, is not easy to explain.

xf the oceurrence of any or all of the reactions A, B, and C
?’igythe reaction mechanism scheme is to serve as the explanation
,f@he liberation of hydrogen, it is correct to conclude that
r réasing volumes of hydregen‘wauld be liberated with increas-
: ,QQantities of sodium hydroxide. But, none of the reactions

“A”B’ and C entail nitrobenzene, increasing concentrations of

. yhibh also promote increased yields of hydrogen.
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If reaction C, CH;OH f NaOH—»HCOONa + 4H , the summation of

 faactions A and B, is concurrent with the Klinger reaction By
€, H,NO, + 3CH,OH — 3NaOH —> 3HCOONa + 2(C; EN)Q -+ 6H,0 , then,

ce reaction C and E each yield sodium formate, it may be

~eoneluded that the yields of sodium formate obtained would be

yﬁiﬁ excess of the yields of sodium formate in conformity with

‘peaction E. In other words, if more sodium formate is obtained

n would correspond to the yield of azoxybenzene (reaction E),
iﬁhen,the excess sodium formate would be a product of reaction C
fﬁhigh yields both sodium formate and free hydrogen.

: %3in order to compare the yields of hydrogen, sodium formate,

‘kand,nitrobenzene, several experiments were conducted. First, the

fﬁiigger reaction was conducted wherein 150g, of sodium hydroxide,

mole of nitrobenzene, 200ce¢., of methyl alcohol, 100cc, of water

ware heated for four and one-half hours. At the end of each

?wggagessive ten minutes the yield of hydrogen was recorded.

The following Table II and Graph I revealed that of the

1l volume (400cc.) of hydrogen obtained, more than 55%,

;ﬁamely , 225cc., was evolved in the course of one hour. At the
,;éndzof'two hours, 300cc. or 75%, and at the end of three hours,
,{§a;y,36000. or 90% of the total yield of hydrogen was obtained.
;}%ﬁuféata show conclusively that the reactions responsible for
:fth§§?§rmation of hydrogen predominantly occur during the earlier
;,?arf’ef the total time required for the completion of the reaction.
o Second, in order to determine the ratio between the yilelds

: éf}sodium formste and hydrogen, the above reaction mixture was

r‘in used in four experimental runs of one, two, three, and
f,hours duration. At the end of each run, the reaction was

opped by diluting the reaction mixture with cold water to a
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15 ,
volume of one liter. The reduction product (azoxybeniene)
was removed by repeated (four) extractions with ether;"The

uted reaction mixture was then boiled to expel any ether

t remained dissolved in the water, cooled and made up to a
Qiume of exactly two liters. AR aliquot part, 50cc. of this
Qéeiution, was pipetted off and made up to a volume of 500cCC.e

The yields of sodium formate were determined employing SOce.,

i ples of the latter solution which corresponds to a 1:400
fééilution. The aliquot portion was first acidified with dilute

’f5  iﬁfiC acid and then made alkaline with sodium carbonate.

§§$hejsblution was then heated to boiling and potassium permanganate

~ run in slowly until there was about 2-3cec. excess as shown by a

rfpiﬁk color. The solution must be kept on a hot plate during the

tration. Enough dilute sulfuric acid is added to the solution
';tbfmake it definitely acid and then oxalic acid is run in slowly

til all the manganese dioxide has disappeared. Finally, the
: soiution is titrated with potassium permanganaté until the end-
int is reached.

7 ,"' For a complete description of the alkaline permanganate~
i}éxalate method for the determination of the yields of sodium

fﬁf@i@a&e, the method employed by Bowman (7) was used.

 The following table gives in column 1 the number and length
'7§£f£ime for each duplicate run. Column 2 indicates the volume
f;gﬁ‘potassium permanganate used. Column 3 indicates the volume

3*‘f exa1ic acid used. Column 4 records the volume of potassium

rmanganate equivalent to the volume of oxalic acid (column 3),

{rﬁh§ v0lume of permanganate equivalent to sodium formate is givén
in column 5. The total yield of sodium formate for each run is

idicated in column 6. Column 7 records the volume of hydrogen
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~ 1liberated, and column 8 shows the ratio of sodium formate

(column 6) to hydrogen (column 7).

- TAELE TI
sz 2 3 4 5 6 7 8

Run Total H C, O Kmno4 KMnO~  Total Yield Ratio
KMnOy ( 1000 09751@4037531) yleld of H, HCOONa

 (+0975N) ,C,0, HCOONa HCOONa (STF) H
CCe ce. cC. ce, -8 cc.

9,20 9,44 14,36 19,040 200 +09860
0.20  9.44 14,36 19,040 200 0960
10,20 10,46 14,34 19,016 200 +0980
10,20 10,46 14,34 19,016 200 00980

10,00 10,26 14,42 19,212 270 «0710
10,00 10,26 14,42 19,212 270 +Q710
10,00 10,26 14,44 19,147 270 «0710
10,00 10,26 14,44 19,147 270 «0710

10,00 10,26 14,54 19,280 325 05893
5 10,00 10,26 14,49 19,212 325 +0593
10,00 10,26 14,59 19,348 326 05693
10,00 10,26 14.54 19,280 325 «0593

10,00 10,26 14,59 19.348 356 20543
10,00 10,26 14,59 19,348 356 0543
10,00 10,26 14,59 19,348 356 20643
10,00 10,26 14.54 19,280 356 20543

; ~The data show that while the ratio of the sodium formate
ta the hydrogen successively decreases, the total yleld of
E@dium formate is practically constant--a variation of only

one ‘and one-half per cent between the minimum yield, 19,000

 fgrams,-and the maximum yield, 192.348 grams.

o While it has never been found possible to determine

’T¢gurately the yield of azoxybenzene, unléss the nitrobenzene

‘;é~been practically completely reduced, and the nitrobenzene"
a8 never completely reduced unless the reaction period was at
a8t of four hours duration, it is particularly important to

ﬂiﬁecofd that the 19 gram yield of sodium formate obtained at the
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_3@36 of one hour, when the nitrobenzene was far'frem,completely

 peduced, is much in excess of the yield of sodium formate(15g),
hich would be formed in conformity with the Klinger reaction E,

ke experimental observations lead definitely to the conclusion

1at the evolution of the hydrogen during the course of the Klinge

r§é¢tion must be due to the concurrence of another reaction where-i
‘}gedium formate is formed, namely, reaction B between formal-
hyde and sodium hydroxide, CH,O -+ NaOH —>HCOONa -+ H,,

| 8ince a 15 gbam yield of sodium formate corresponds to
“ﬁieally complete reduction of nitrobegzene according to the

ﬁiingef equation, and al® gram yield of sodium formate was

- obtained, the 4 grams excess sodium formate should be the equiva-

léﬁtgta»a hydrogen yield according to equation B, of 13l7cc.
,ﬁ%bgen. Tt will be noted in Table IT that the yields of -

0 h§érogen varied from 200cc. to 356¢cc,, only a small fraction of
‘“‘vhydrogen theoretically obtainaBile in conformity with reaction
- This fact leads to the conclusion that the low yield of
‘ergen:may be due to participation of the greater part of the
 {th§éretically available hydrogen in another reaction occurring
::iﬁdbpendently of the reduction of nitrobenzene.

ifiéff,uThis other concurrent reaction may be assumed to be the

id@ction of the intermediately formed farmaldehyde. The inter-

 ,mé§iate formation of formaldehyde according to equaticn<A in the
_ reaction mechanism scheme __ CH;0H-—>CH,0 + 2H , has been proven
to occur by the research of Fry and Bowman (7) on the effect of

ganic bases upon the extent and mechanism of the reduciﬁg action
sodium methylate on nitrobenzene and azoxybenzene, for when
soamylamine was added to the Klinger reaction mixture, a compound
of formaldehyde with iscamylamine, presumably isoamyl methylene-
;ﬁﬁimidé was found,
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Since formaldehyde is readily reducible to methyl alcohol
h_:fegen, it féllews that the Cannizzaro reaction with formal-
ﬁe"may oceur. This reaction has been shown by Fry, Uber, and
;é (18) to occur in two independent stepsj

| HCHO —+ NaOH —> HCOONa + 2H B
HCHO 4~ 2H —> CH30H

2HCHO ~+ NaOH —>HCOONa + CH;OH

: " In other words, the first. step of the Cannizzaro reaction
fgmeehanism, equation B, will explain the excess yield of sodium

fgfarmgte and while a part of the hydrogen formed is liberated,

‘f%émainder functions in the reduction of formaldehyde to

] thyl aleohol which is the second step of the Cannizzéro reac-
eﬁ:mechanism. |

The foregoing facts may serve to explain why increésed

- concentrations of nitrobenzene in the Klinger reaction lead to
nereasing yields of hydrogen. Aé stated by Fry and Bowman (7),
Shé'finding of formaldehyde in the reaction mixture is confirma=-
én,ef the intermediate type reaction equations previously
;jp@épulated. Their summation may be indicated as follows:

.~ 3CH,OH -+ 3NaOH —3CH,0Na + 3,0

3€H,ONa -+ 3NaOH — 3CH(ONa), + 6H

3CH(ONa), + 3H,0 —» 3CH, 0 + 6NaCH ¢
S 2C¢ HyNO, + 6H— (CcH,N)O + 3H,0 et
< aybyeyc!  2CcH,NO, +3CH; OH —> 3CH, 0 +(CH,N)O + SH,0 K

Thie summation equation K accounts for the intermediate
mtion of formaldehyde in the reaction mixture. Accordingly,
,easinb concentrations of nitrobenzene would yield more
nmaldehyde intermediately, which 1n turn would function in

ﬂ ﬁhengannlzzaro reaction as described above in equation B to
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nerease the yield of free hydrogen.

 Part(A)may be sumarized briefly as follows: in the

ous Klinger reaction mixtures investigated;

1. The nitrobenzene was practically quantltatively

educed to azoxybenzene. ‘A;Z. ‘1:: i.t’ i

| 2. The yields of sodium formate dbtaiﬁe& were invariably
k excess of the yield required by the equatlon for the Klinger
*eaction. _

o -3, . The evolution of hydrogen occurréd’in each reaction.

“«e;4; Increasing yields of hydrogen were obtained when increas-

>ng;éoncentrations either of sodium hydroxide or nitrobenzene

re employed,
 15, An explanation for the evolution of hydrogen and the

éésive yields of sodium formate has been suggested, based

uﬁén the intermediate formation of formaldehyde and its participa-
*ﬁh in the concurrent Cannizzaro reaction.

(B) THE KLINGER REACTION IN THE PRESENCE OF LEAD

~The Klinger reaction runs as described and conducted in

}fﬂpart (A) were repeated with the addition to each reaction mixture

7€j .4 moles of Baker's C,P.Analyzed r lea The mechanical

'°L$tirrer was adjusted to such a speed as would insure adequate

 xing of the components of the reaction mixture for the length
5‘f@f £iQs of each complete run.

In each run conducted, the nitrobenzene was completeiy

tures were diluted to a volume of one liter with distilled
%F and decanted from the unreacted lead. The lead was

eatedly washed with water, acetone, then dried and weight

, drdéd. The azoxy- and azobenzene were extracted with ether
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_ from the alkaline reaction mixture containing the reacted lead

in the form of soluble sodium plumbite. After evaporating off

all the ether used in the extraction, the residue consisted of

a mixture of azoxy- and azobenzene. The percentages of azoxy-

ﬁéﬁazobenzene contained in each reaction residue were determined
W,j{ihe freezing point method described by Bowman (Ph.D.Thesis U.Ce

)+ Bowman's curve of the freezing points of mixtures of

zcxy- and azohenzene was used throughout this investigation.
i}'f‘, In every run conducted in the presence of lead, hydrogen

~wé£im¢re abundantly evolved than in the runs of part (A) in the

| bsence of lead,

~~ The following table III indicates in column 1 the number
75é&¢h run with duplicate data. Columns 2 and 3 record the
entrations of sodium hydroxide and nitrobenzene, respectively.

- 1élumn 4 records the weight of lead used at the beginning of each

géction. Column 5 indicates the weight of lead recovered at the

nd of each reaction, Column 6 indicates the weight of lead
icted. Column 7 records the total volume of hydrogen liberated
;~§a1cu1axea to standard conditions.

k"5 7In order to indicate the ratios of the increasing volumes

. £ hydrogen liberated accompanying the corresponding increasing

‘tities of nitrobenzene present in the several reaction mixtures,
ot ai;volumesof hydrogen evolved (column 7) were divided by a
f e6mﬁon divisor. The quotients are tabulated in column 8.
u‘ilarly, column 10 records the quotients for the excess volumes
Jhydrogen (column 2).

Since more hydrogen is ebtained in each run with lead present

‘when lead was absent, column 9 records the excess volumes of
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Lgén evolved when lead was present. In other words, for

‘“g fénd‘every run the amount of hydrogen evolved, as noted

3£?able I of part (4), was subtracted from the corresponding
fg?nna;wherein lead was present, Column 11 indicates the combined

}gyivﬂdfin grams of the reduction products, azoxy- and azobenzene,

fiihé:percentages of azoxy- and azobenzene in the total yield

 Jaffré§uctien products are recorded in column lZ,
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TABLE TIT

i 2 3 .4 5 & 7 .8 ® 10 11 L1
Bun Conc.Conc. Pb Pb-  Pb  Total Rat:!.o Excess Ratio Total .Percentage. ratios
of of used recov- reacted volume of Hs volume of H, yield- (azoxysazo)
NaOH Cg HyNOg ered of Hg yields of Hy ylelds reduction
~ (3TP) (STP) Products azoxy= azo-
. o -benzene Dbéngene
_ K mmOlS Ze Re He . CCo cCo . -5 %
I & 100 .2 82,9 64.5 1844 2217 1,98 2054 2,05 18,8 76 40 24,0
b 100 «2 B2.9 64,5 18,3 2285 2,056 2122 2009 18,9 76 o0 24,0
IT a 100 FE<) 82,9 64,4 18,45 3329 2098 2978 2494 27 49 76,0 24,0
b 100 o3  B249 6445 18,4 3387 Se04 3034 _5.309 28,0 76 40 2440
IIIa 100 od 82,9 64,6 18,3 4399 3495 4009 3495 377 76,0 ' 24.0
b 100 o4 82,9 6443 18,6 4390 394 4000 3495 3749 7640 24,0
IV a 150 L2 82,9 5441 28,8 1818 2,08 1212 1499 18,45 3145 " 8845
® D 150 2 82,9 5442 28,7 1774 2,05 1168 1e92 18,6 3145 6845
~ ‘
NV a 150 o3 82,9 54e4 28,56 2622 3401 1841 3403 2645 = 31,5 6845
b 180 3 82,9 54,1 28,8 2674 3407 1893 3¢07 26,3 31.5 8845
VI a 150 o4 82,9 5442 28,7 3406 3491 2439 4,01 35,0 31,5 6845
D 150 o4 82,9 54,1 28,8 3365 3687 2398 3,94 34,9 3145 6845
VIila 200 2 8249 49,7 3342 2153 2407 1159  1.98 18,6 20,0 80,0
VIIiIia 200 3 82,9 49,8 53;3 3063 2,95 1761 3001 2645 20,0 80,0
b 200 .3 B2,9 49.7 35..2 3098 2,98 1798 307 2646 20,0 80,0

8040
80,

o8
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‘}fThe data of the above table leads to the following
o givations:

o 1., With respect to the gquantities of lead undergoing
£fw=re§ction, a comparison of the data‘of columns 2, 3, 44 5, G,
 €§;,§ reveals that:

o a, With a fixed concentration of sodium hydroxide

\f“ang inereasing concentrations of nitrobenzene, identical

'"};sﬁﬁ'f£3‘ef lead have reacted, With concentrations of 100,

150, and 200 grams of sodium hydroxide the quantities of lead

{:~ ﬁéécting are in the ratios of 18,4, 28,7, and 33,25 grams,
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ctively, These quantities may be expressed in simple

:fjrgtiesaef 2,06§3,21:3,71 which are of the same relative order

at n@t the exact ratios of the sodium hydroxide gram concen-
tiéns, 2:3:4, In other words, the increasing amounts of
_ééd reacting depend directly upon the increasing quantities
 f of'sodium hydroxide in the reaction mixtures and not upon the

; creasing concentrations of nitrobenzene.
2. With respect to the volumes of hydrogen liberated, the
_ data of colum 7 reveals that:

a. The total volumes of hydrogen obtained when lead

‘iszgfésent are far in excess of the total volumes of hydrogen

| fgrmerly liberated when lead is absent (column 4, Table I,
f}fpé&£ A); If the yields of hydrogen obtained in the runs without
‘W<§ﬁ‘be subtracted from the total ylelds of hydrogen evolved with

;}}lgaa, the differences (column 9, Table III) reveal the excess

 iheration of hydrogen occasioned by the presence of lead.

: ‘b, With a fixed concentration of sodium hydroxide,
/,h,the total volumes of hydrogen (column 7) and the excess
7vaéiumes of hydrogen (column 9) evolved are found to increase
ﬁ.éé the concentration of nitrobenzene is increased. -

. c. The quotients in columns 8 and 10 indicating the

‘ 55§§§iasfof the relative amounts of hydrogen evolved with increas-

,jffiﬁg?eaneentrations of nitrobenzene are, indeed, significant in

- revealing that, in the runs with any given concentration of

odium hydroxide (100g., 150g., and 200g.), the yields of
Irogen with increasing molar concentrations of nitrobenzene
#.2, .3y and .4) stand to each other in the same ratios .2:3:4,
Dev ations from these whole numbers are within the limite of

erimental error. This noteworthy relationship helds not only
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f;ffér'the total volumes of hydrogen but also for the excess
- volumes of hydrogen evolved.,

B Concerning the effects of varying concentrations of

iium hydroxide and nitrobenzene, reacted lead, and volumes

of total and excess hydrogen evolved upon the respective yields

of azoxy- and azobenzene, the following observations are pertinent:

a. In everykéxperiméntal run, the nitrobenzene was

‘ p,aﬁtically completely reduced to yield mixtures of azoxy- and
_ azobenzene,

b In dupllcate runs I, II, and III, ‘with 100 grams
 $s@dium hydroxide and .2, .3, and .4 moles, respectively, of

~ nitrobenzene: (i) the same quantity of lead, 18.4 grams average,

~ wae ceonverted into sodium plumbite; (ii) very small differences

¢ found between the total volumes and excess volumes of

. hydrogen evolved; (ili) the composition of each reaction mixture

product was identical, i.e., each contained 76% azoxybenzene and
?i324% azobenzene.

¢. In duplicate runs IV, V, and VI with 150 grams of
f7;aedium.hydroxide and .2, .3, and .4 moles, respectively, of

~ nitrobenzene: (i) identical but greater quantities of lead,

28,7 grams average, were converted into sodium plumbite; (i1) the
  fvolumes of hydrogen evolved were, in general, S50% greater

than the volumes of excess hydrogen; and (iii) the composition

~ of each reaction mixture product was identical but contained less

zoxybenzene and more of azobenzene, il.e., 31.5% of the former
_and 68.5% of the latter.
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d. In duplicate rune VII, VIII, and IX with 200 grams

 faf sodium hydroxide and .2, .3, and .4 moles, respectively, of
1 ‘beﬁzene. (1) even greater identical quantities of lead,
25 grams average, were converted imto sodium plumbitesy (ii)
19‘total volumes of hydrogen evolved were, in general, 80%

T‘greater than the volumes of excess hydrogen; and (iii) the

~¥~aam@951tion of each reaction mixture product was identical,

~ but contained less azoxybenzene and more azobenzene, 20% of the
ffférmer and 80% of the latter.

© (C) FURTHER STUDY OF THE EFFECT OF LEAD

*VT@ study further the effect of the presence of lead in
linger reaction mixtures, experimental runs were conducted as

]f}gxa‘tly as described in part (B), employing a constant initial

\ceﬁiration of nitrobenzene, .2 moles, with increasing concen-
{;tfétions of sodium hydroxide, namely, 100, 150, and 200 grams,

‘   in the successive reaction mixtures decreasing quantities
flead, o4y 3y o2, L1, L0865, ,03, .02, and .01 moles, were
orporated,

| s The data thus obtained is embodied in the following tables,
1V, v, and VI.

.- In each table, column 1 records the number of each run in

iiéate; column 2, the weight of lead used; column 3, the
‘f,vh,gﬁtyof lead reacted; column 4, the total yield of reduction

f;yrqauct; column 5, the total volume of hydrogen evolved; column

5, the excess volume of hydrogen, l.e., the difference between
total volume and the corresponding volume of hydrogen evolved
neurrently with the Klinger reacticn$ conducted in the absence
éf lead, as noted in Table I, Part (A); and columns 7 and 8, the

ércentages of azoxybenzené and azobenzene, respectively, present

il’i the reaction mixtures,
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TARLE IV.

 (Reaction mixture: 100 grams NaOH, .2 moles C¢HyNO,)
- 3 4 5 6 7 8

Total PDb YIeld Total Excess Azoxy=-  Azo~
 Pb reacted reduction H. volume benzene benzene
used products 577)  of Hy(7p)

Bo  Zo go G, co, % %

I as8288 18,37 18,8 2217 2054 76,0 24,0
;b 82,88 18.29 18,9 2285 2122 76,0 24,0

IT a 62,16 18,06 18,8 2013 1850 76,0 24,0
77 pezl6 18,10 18,8 2105 1942 76,0 24,0

ITI a 41,44 18,16 18,8 1955 1792 78,0 22,0
Ty 18,04 18.8 2035 1872 78,0 22,0

10,22 18,7 1974 1811 8245 17,5
10,38 18,8 1973 1810 8245 17,5

7,67 18,8 1782 1619 87.5 12,5
7.76 18,9 1816 1653 87,5 12,5

2.72 19,0 1140 977 = 96,5 345
2,67 19,0 1149 986 96,5 3.6
2,69 19,0 1116 9563 9645 3.5
2,66 19,1 1120 987 96,5 3.5

1,37 19,1 761 598 06,5 349
1,32 19,0 783 619 96,5 3,5
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SR TARLE V :
: (Reaction mixture: 150 grams NaOH, .2 moles CoHNO,)
R 2 3 4 5 6 7 8
_ Total Pb  Yield  Total Excess Azoxy- Azo~
Pb  reacted reduction H. Hao benzene - benzene
uged products (STP) (STP)

Lo S -5 GCy _GCe %

 ?1', a 82,88 28,80 18,8 1818 1212 3led 68,5
ﬂ 28,70 18,8 1774 1168 31,5 6845
27,66 18,8 1773 1167 36,0 64,0
27,592 19,0 1758 1152 36,0 64,0

19,24 18,8 1485 879 41,0 59,0
19,34 18,9 1519 913 41,0 59,0

12,42 18,8 1447 841 58,0 42,0
112,49 18,9 1415 808 58,0 42,0

7,47 18,9 1429 823  80.0 20,0

7.56 18,9 1401 795 80,0 20,0

2,42 19,0 809 203 94,5 5,5
2,38 19,0 818 212 94,5 5.5

2,64 19,1 813 207 94,5 5,5
2,61 19,1 815 209 94,5 5,5

127 19,0 734 128 94,5 5.5
1.22 19,1 744 138 04,5 508
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. TABLE VI ’ : |
{(Reaction mixture: 200 grams NaOH, ,2moles C,HNO,)
e 3 4 5 6 7 8
Total Pb Yield  Total Excess Azoxy- Azom
Pb reacted reduction H, Hy benzene benzene
used products (STP) (ST?)
e Sa )-8 K-1-P 1N % %

I a 82,8 33,24 18,5 2183 1189 20,0 8040
b 82,83 33.28 18,5 2118 1124 20,0 8040

4L 25,36 18,5 1844 850 24,5 7545
b 62,16 25,45 18,5 1868 874 24,5 7645

19,54 18,6 1625 631 36,0 64,0
19,60 18,6 1660 666 36,0 64.0

f;ng*‘a“20.72 15,32 18,7 1526 532 52,5 47,5
7 520,72 15,44 18,7 1557 563 52,5 47,5

'V al16.58 11,18 18,8 1369 375 68,0 32,0
b 16,58 11,25 18.8 1378 384 68,0  32.0

f & 12,43 7,45 18,9 1246 252 76,0 24,0
 p 12,43 7.59 18.9 1261 267  76.0 24,0

6,22 1,41 18,9 1045 538 92,0 8.0
6,22 1.38 18,2 1041 47 92,0 8.0

4,14 1,40 19.0 1089 95 94,0
4.14  1.44 19,0 1095 101 94,0

6

; 6
CIX a 2,07 1,32 19,0 1001 1l 94,5 5
b 2,07 1,30 19,0 208 4 94,5 5

The data recorded in the tables IV, V, and VI, may be

 ;;sﬂmm&rized as follcws.

,'fflg In all rune, the nitrobenzene was completely reduced to
_}‘yield mixtures of azoxy- and azobenzene,

2. In all runs, with decreasing amountg of lead, both the

','tgﬁal volumes and the excess volumes of hydrogen (columns B and

successively decrease, but not in exact mathematical ratios.
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3. In all runs, with decreasing amounts of lead, the
’percenxage of azoxybenzene increases, and the percentage of

benzene decreages. In other words, increasing amounts of

| present in the reaction mixture increase the extent of
the reduction, but not in mathematical proportion.
These observations will be subsequently discussed.

REDUCTION OF NITROBENZENE BY LEAD AND SODIUM HYDROXIDE

~ Since it has been shown in parts (B) and (C) of this
~ research, that the presence of lead in Klinger reaction

"'ﬁres not only augments the evolution of hydrogen but also

fﬁﬂﬁrﬁﬁéfs the extent of reduction of nitrobenzéne, a study was
Tﬁﬂmiértaken +0 determine whether or not metallic lead and sodium
 y J§xiae in the absence of methyl alcohol would effect reduction
‘lnitrobenzene. |

In order to secure homogeneous reaction mixtures, 200cc. of

yridine as a solvent for the nitrobenzene were substituted for
{previously used 200cec, of methyl alcohol to which were added
%@cé. of water, 100 grams of sodium hydroxide, 25 grams, Or .2
 ‘méiéé of nitrobenzene, and 82.38 grams or .4 moles of lead.

;ﬁlReaetion, duplicate runs, was conducted as previously described,

At the end of the runs the supernatant liquid containing

e%cted nitrobenzene, azoxy- and azobenzene, sodium plumbite,
ed lead

vpyridine and water was agitated by swirling. This held in

'~ksuspension the finely divided red lead while the heavier un-

éécted lead remained in the bottom of the flask. The swirling
juid was then poured into a Buchner funnel. The unreacted

ead was repeatedly washed with water and the washings alse

red into the Buchmner funnel. The remaining lead was sub-

sequently dried and weight recorded.
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. The red lead remaining on the funnel was also washed,

fidried and weighed, The filtrate was acidified with hydrochloric

ﬁ  thereby converting the pyridine into pyridinium hydrochloride
the sodium plumbite into soluble lead chloride. The unreacted

itrobenzene and the products of reduction were extracted with

- ‘ether in a geparatory funnel,

. The ether extract was subjected to steam distillation, there-

‘éeparatinﬁ the ether and nitrobenzene from the reduction pro=-
fﬁﬁucts which were found to consist of azoxy- and azobenzene--the

5'mixbure of the two weighing 5.32 grams and 5.45 grams, in the

a&peetive duplicate runs. The freezing point determinations

' h@wed that these mixtures contained 4.52 grams of azoxybenzene
it w@ 80 grams of azobenzene and 4.63 grams of azoxybenzene
?h;O 82 grams of azobenzene.

| Incidentally, to confirm the formation of the red lead,

2 weighed quantities recovered in the duplicate runs were
eépectively treated with dilute nitric acid; and the respective
imtities of lead dioxide thereby formed were filtered, washed,

!f‘érigd,,and weighed, and found to be equivalent in quantity to
 Z;thé;iﬁitial amounts of red lead, |
; - To explain the reduction of nitrobenzene, it is here

iz*@%éﬁmed that sodium plumbite and red lead may be formed accord-
’ “£nQ £o the following reactions (equations o and p):

S Pb -+ 2NaOH -5 Na Pbd, + 2H 0
3Pb + 4H,0 —> Pb;0, + 8H P

While these reactions do not occur under ordinary
 'umstances, it is assumed that the hydrogen so formed effects

efreduction of the nitrobenzene to azoxy- and azobenzene,
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f ?he extent of the occurrence of reaction p and the amount of

? hyﬁragen available for reduction therefrom can. be calculated

m'the yields of red lead. The quantity of lead reacting
araing to equation o was calculated by subtracting the
‘ ahtity of lead yieiding red lead (equation p) from the total

amount of lead participating in the reaction. Hence, the amount

e hYdrogen available for reduction aécording to equation ¢ may
~‘é éalcu1ated from the amount of lead participating.
The reduction of nitrobenzene by hydrogen to azoxy- and

‘azebenzene are represented by the following equations: ]
" 2C; HNO, + 6H —> (CeH NP + 3H,0 q
S 2CsH NO, + 8H —> (C HeN), + 41{20 : T
e  Thus, @ata available for calculating the theoretical

;Uquantity of hydrogen formed according to equations o and p
ffand the total amount of hydrogen which would be required to

Pfect the reduction of nitrobenzene to the found quantities

f azoxy- and azobenzene were obtained.
Accordingly, if the wuantity of hydrogen available through
~‘eccurrence of reactions o and p is equal to the quantity of

' hydrogen required for the reactions q and r, then the assumptions

f{prapased above are thereby substantiated.

~,7‘The following Table VII records the above data and
7relaxed equivalents,.
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. TARLE VII
 REDUCTION OF NITROBENZENE BY LEAD AND SODTUM HYDROXIDE -

CReaetien mixture: CH:NO 25@ C H,N, 200cc,; NaOH lOOg
100ce.; Pby 82,85g.) ~9 S98e3 BT " y B

2 3 4 5 6 7

R Pb  -PbsOy H==Pb,0, Hx-Na, PO, Azexy» AZOm
< reacted found (equatien p)(eqpatian o)benzene benzene
, (STP) (8TP) found found
B g.  cc gc, Za Za
8 17,17 4,18 561 1434 4,52 280
. II  17.28 4,25 568 1438 4,63 82
8 9 10 1 12
Eun Hfﬁ{CstK' H=(CcHN). Total Total mhaeny
- (equation q)(equation r) H, b:
(STP) (STP) available reducing (ll)n(lQ)
— CCa. SCo cC, _CGq Z
1534 392 1995 1926 9649
1568 403 2006 3971 98,2

~ Exemination of the data in the above table reveals that the
Jumes of the hydrogen used (column 12) in effecting the reduction
ﬁitr@beﬁzene to azoxy- and azabenzena‘(delumns € and 7) dre
aéﬁréximately 96,9 and 98,2 per cent, in respective runs I and II,

;é'total a#ailable hydrogen (column 10) through~the eoncurrence
r 6 uations o and p. - ,
Aceordingly, it may be concluded that a mixture of lead and
sadiﬁm hydroxide in the solvent medium of pyridine and water.

'ieets reduction of nitrobenzene chlefly o azoxybenzene and

e azobenzene, While the quantity of nitrobenzene used, 25
sy was not completely reduced, it may be calculated from the
iﬁs of azoxy- and aquenzene that approximately 27% of the
ﬁenzene was reduéed,in conformity with the postulated
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:g(E) THE REDUCTION OF NITROBENZENE BY SODIUM PLUMBITE
Bince in the preceding part (D), the interaction of lead
jagﬁ:sodium hydroxide with nitrobenzene was accompanied by the

»£6§maxion not only of sodium plumblite but alsc red lead,

another investigation was suggested, namely, to determine

fiﬁhether or not sodium plumbite in alkaline solution would

 ;aat the reduction of nitrobenzene and be concomitantly

ldized to red lead,

In preliminary experimental tests, a solution of sodium

ybite was prepared by reacting .3 moles of lead chloride

; 1.2 moles of sodium hydroxide in conformity with the
- equation, .PbCl,+ 4 NaOH-— . Na,FbO,+2NaCl + SH,Op When

jﬁﬁ@benzene was added to the solution of sodium plumbite,

xﬁed t0 bolling and vigorously stirred, the nitrobenzene

?,wés reduced to azoxybenzene and the sodium plumbite was

Tx};dized to red lead.

Since red lead is the equivalent to lead monoxide or
fum plumbite plus lead dioxide, the following equation
“fwauid represent the oxidation of sodium plumbite to red lead
5 §ﬁé accompanying reduction of nitrobenzene to azoxybenzene:

e  9Na, PO, 4 2Cc HyNO,+ OH,0 — (C¢ H-N)O + 3Pb, 0, + 18NaOH
‘jlfa,test the validity of this assumption, duplicate runs

ifweréyccndncted as noted in the description of the preliminary

- tests above.

- The reaction mixture was actively stirred and boiled for
;éar hours. After cooling, the unreduced nitrobenzene and
;;ﬁetion product were extracted with ether, §Steam distilla-
on df the ether extract carried over both the ether, the

robenzene, and the residual azoxybenzene, which after
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,rying and weighing, was found to melt correctly at 36°C.
o The red lead formed was filtered, dried and weight recorded.

’efere, the identity of the red lead was confirmed by treat-

, with dilute nitric acid which converted it into the
uivalent quantity of lead dioxide,
The following table VIII records the data thus obtained:

TABLE VIII
- .. REDUCTION OF NITROBENZENE BY SODIUEIPLUHBITE
(Rﬁastian.mdxxure. C;HNO,, 25gs5 Na, P10, , 85,563,; H,0, lOOccQ)

2 3 4 -5
Pb;0,  PbsOy Azoxybenzene Azaxy%anzane
found theary yield found theory yleld
(equation 8) , (equation S)
_Ea. % A Ea z
67,72 08,8 6,10 0244
67461 98,7 6,15 93,2

The data reveal that nitrobenzene is reduced to azoxy-
ene by'sodium plumbite in aqueous solution in conformity -

 the proposed equation S. The reduction was not extensive

iéiﬁée the average yield of 6.125 grams of azoxybenzene is
iéﬁﬂi?alent to 7.6l grams of nitrobenzene which is 34% of the
k ‘“ial quantity of nitrobenzene.

= THE REDUCTION OF NITROBENZENE BY FORMALDEHYDE
T I. IN THE ABSENCE OF LEAD
.II. IN THE PRESENCE OF LEAD

' In the reaction mechanism scheme for the Klinger reaction,

§ action of godium hydroxide upon the intermediately formed
roaldehyde was represented by the following equation:
NaOH + HCHO —> HCOONa +~ H, B
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€ the hydrogen available is assumed to effect reduction

? the nitrobenzene to azoxybenzene according to the'equatien,
20633NQL4—6H'——7(CGH;N96 4—3320 b
,_the sumation of equation B and this latter equation D

resents the reduction of nitrobenzene by formaldehyde as

3NaOH -+ 3HCHO —> 3HCOONa + 3H, 3B
. 2CHNO.+6H — (CCHMNO + 3O D
~ 2C4H-NO, + 3HCHO +3NaOH — (C.HA)P + SHCOONa +3H,0- T

'?2@ determine the occurrence of this reaction and the effect
r]iﬁé‘presence of lead upon the extent of its occurrence, experi-
i'ﬁgﬁié were cenducted with reaction mixtures consiéting:of 15 grams
qf7ﬁitrobenzene, 300cec. of water, 100 grams of sodium hydroxide,
in grams of formaldehyde as trioxymethylene (I) in the absence
ef‘iead, and (II) in the presence of lead, 25 grams.

'~,The previously described experimental procedure for conduct-
g the reactione and recovering the azoxybenzene, the sole pro-

,at of the reduction, was employed.

C e . In run I, without lead,the reduction of the nitrobenzene can
be‘attrlbuted only to reaction T (above) but in run IIX, in the
“sﬁgce of lead, it is conceivably, since an appreciable

o ;tity of lead was reacted to form sodium plumbite with the
, 31@§§fation of hydrogen, that some of the nitrobenzene would be

’ ‘éduced‘by this hydrogen to azoxybenzene, Accordingly, the
qﬁation for the interaction of lead, sodium hydroxide, and

robenzene may be represented by the following reaction

mechanism schemes
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3Pb + 6NaOH — 3Na,Pb0, + 6H - 30
, 2G; HyNO, + 6H — (CoHADD 7 3H:0 | D
é 30,0  3Pb+GNaOH+ 2C,HNO,—>3Na,PhO+ (CoHN)O+3H,0 U

~Thusy in run II, with lead, nitrobenzene is reduced accord=
g to the equations T and U, The extent of the occurrence of

;;,ﬁﬁe reaction according to equation U will be in conformity with

amount of lead reacted,

; ~ The data obtained in reactions without and with lead are
iw,-écerded in the following Table IX,

| TARLE TX

 THE REDUCTIOR OF NITROBENZENE BY FORMEEDEHYQE;
' I. IN THE ABSENCE OF LEAD :
IT, IN THE PRESENCE OF LEAD

2 3 4 5 6
Pb (CHAN)O  (CHAN)O (céﬂ,,ﬁ)o' (CoHAN)O

reacted found theory field yield theory yield
‘ equation U) (equation T @qugcion i)

s Ea. Es.. La..
0.0 1.50 0.0 1.50 6,80
0,0 1.00 0,0 1.00 4,54
11.1 8,40 3453 4,87 22,14
11,0 830 3,50 4480 21,83

|  iThe data reveal the following facts: -
s ‘1. In run I, without lead, the nitrobenzene underwent
fﬂivery 1little reduction as noted in per cent theory yleld of
'fga cxybenzene according to equation T (column 8). ,
2, Inrm II, with lead, 11 of the initially used 25 grams

 of lead were reacted in conformity with equation U yielding 3.53

}~8,50 grams of azoxybenzene (column 4). The differences

een the yields of azoxybenzene with lead (column 3 minus

olumn 4) give +the yields of azoxybenzene formed according te

‘ffrééuation T (column 5),
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3. The per cent theory yields of azoxybenzene (column 6)
, fobtained with leaﬂ are three to four times greater than the

:3fyiwlayof azoxybenzene without lead as effected by the reducing

ion of trioxymethylene alone, In other words, it is evident

educing reaction action

(It should be obsgerved that in

bsence of the formation of red lead the intermediately

yrmed sodium plumbite under the present experimental conditions
: _aﬁdﬁth effect any reduction of the nitrobenzene as shown in

(G)THE INTERMEDIATE FORMATION OF HYDROGEN PEROXIDE ON
' - INTERACTION OF LEAD, SODIUM HYDROXIDE AND

NITROBENZEHE N’AQUEOU§ SOLUTION
fIt has been noted in part (B), paragraph d, that the forma-

;an of hydrogen may be related to the intermedlate formation of
hydrogen peroxide accordlng to the following equation which
epresents a well known property of lead:

Pb + 2H,0 +0,—Pb(CH), + H,0.. G
o This reaction occurs when lead in contact with water is
vg:expésed to the atmospheric oxygen. To determine whether or not

7ﬁ;nitrobenzene might act as an oxidizing agent accompanied by the

{ﬂ f rmatien of hydrogen peroxide according to the previously

iffé@jived reaction represented by the equation:
 3Pb-+6NaOH +4C, M), —> 3Na, Pb0,+ 2(Cs HAN)O +3H,0, J

Reaction mixtures containing nitrobenzene, lead, sodium

roxide solution, and potassium iodide were heated with
éfeﬁs stirring for four hours, The nitrobenzene was thereby
duced to azoxybenzene. An excess quantity of potassium iodide

incorporated in the reaction mixture for the purpose of
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‘:ég with the intermediately formed hydrogen peroxide to
‘be iodine, The iodine, in turn, would immediately react
the s\odium hydroxide to form sodium iodide and sodium
ate. The equationskbr these reactions are as follows:
H,0, + 2KY —=> 2KOH —+ I, a
31, -+ 6NaOH — 5Nal —+ NalO; + 3H,0 |

- To determine the-quantities of sodium iodate formed,

Q. aliquot portions of the total reaction mixture, diluted
o a volume of one liter were acidiffed with dilute sulfuric
;§§ci§,;ereffect the release of the lodine according to the

4
.

 NaI0; + 5Nal+ 3H,80,—>3Na, 80, + 30,0 + 3L, ¢
"};Thé icdine liberated was extracted with benzene and

éé@uently estimated by titration with standard O.1N sodium
thiosulfate solution.

| k,According to the proposed equation-- 3Fb #‘6K30H7“4Qgﬂyﬂbf—7
;PhOL+—2(CéﬁgN»9 + 3H,0., the quantity of lead reacting to
,}&,azoxybenzene and hydrogen peroxide should check with the

quuantity of iodine found in conformity with the stoichiometrical
equivalents, 3Pb==2(C¢H,N)0 ==3H,0.==31,

. Two runs were conducted, (I) and (IT). Reaction mixtures

‘” §¢t@ sets of duplicate runs contained 41.44 grams of lead,
 }35fg§ams of nitrobenzene, and 300cc. of water, but in (I),
: 8$;grams of potassium iodide and 150 grams of sodium hydroxide

re incorporated while in (II), 50grams of potassium iodide

200 grams of sodium hydroxide were used.
 The data obtained are recorded in the following Table X.
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TABLE X

INTERMEDIATE FORMATION OF HYDROGEN PEROXIDE ON INTERACTION
GF LEAD, SODIUM HYDROXTDE AND NITROBENZENE IN A@ﬁEOUS SOLQEI N

(3Pb +-6NaOH +4C4 Hy-NO, —3 3Na, P10, + 2( Cc HsN)Q + 3H, 0, ===J)
( 3H,0, + 6K —» BKOH + 3T, ==mmmmmmmmmmmmmmmmm e mmmm a)
1 2 3 4 5 6 7 8

Run  Pb (CHNO (GENO (CHENO IS0, I=H0. I=HO.
 reacted found theory theory found theory theory
@quation J) equationd equation g (’e%uatien a)
Ea.

Lo Lo % £

10,45 10,96 95,8 20,10 21,09 95,3
10.50  10.96 960 20,18 21.15 95.4

17,20 18,00 95,5 33,32 34,74 95,9
17.25 18,00 95,8 33,41 34,81 95,9

It should be noted that approx1matexy 50% of the nitrobenzene

' fia;tia11y used was reduced to azoxybenzene, However, the

#fﬁﬁﬂahiity reduced is equivalent to the gquantity of lead reacted
'3 énd the equivalent quantity of intermediaﬁely formed hydrogen
4;;peroxide, all in donformity with the ratios, 3Pb:2(C HN)O:

H/3HLOL:BI;, required by thé postulated equations J and a. The

per cent theory yields of azoxybenzene (column 5) and iodine
 ?§quivalent to hydrogen peroxidé (column 8) check within 95-96%
['iéf‘the theory, thereby confirming the faet that the interaction
f]ﬂ@f lead, sodium hydroxide, and nitrobenzene in aqueous medium
Ef;ﬁields azoxybenzene accompanied by the intermediate fofmation

3T‘§fﬂhydragen peroxide,
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(H} THE INTERMEDIATE FORMATION OF HYDROGEN PEROXIDE ON THE
. INTERACTION OF LEAD, SODIUM HYDROXIDE, AND NITROBENZENE

;ﬂ METHYL ALCOHOL §OLUTION

~Slnce it has been proven that hydrogen peroxide is a product

he interaction of lead, nitrobenzene, and sodium hydroxide
ueous solution, the question arises as to its intermediate
. ‘éfmation‘when lead interacts with nitrobenzene and sodium
gihyﬂﬁexide in methyl alcohol solution. In other words, is hydrogen
eroxide formed as an intermediate product when the Klinger reac-
iféién~is conducted in the presence of lead?
| ,g}answer this question, two sets, I and II, of duplicate
;}?ﬁ;s7@ere conducted with reaction mixtures containings lead, 41.44
"“V'r%ms; nitrobenzene, 25 grams; sodium hydroxide, 150 grams; water,
;m“f‘ and methyl alcohol, 200cc. No potassium ilodide was added
eaction mixture I, but to reaction mixture II, 35 grams of
?_atassium iodide were added to react with any intermediately
7'xmed hydrogen peroxide to liberate iodine which, in turn, reac-~
sd With the sodium hydroxide present to yield the sodium iodide--

” gﬁm iodate mixture, wherein the iodine content was subsequently

'f;éeﬁénmined in conformity with the reactions and experimental
ffﬁrécédure noted in part (G),

: . The reduction products in both runs were mixtures of azoxy-

1ézabenzene. The liberation of hydrogen accompanied their
fcrmation. |

The formation of hydrogen peroxide in the preceding part (@)

gs~repre0ented by the equation,
3Pb + 6NaOH +4C¢ HrRO, —> 3Na, Pb0, + 2(C. HN)O -+ 3H,0, J
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: 4nalagously, the concomitant formation of azcbenzéme and
hydmgen peroxide may be represented by the equation,

. 2Pb 4+ 4NeOH +2C, HNO,— 2Na,Ph0,+(CHA), + 2H,0, L
©~ Bince both azoxy- and azobenzene were formed, and, Ai‘n each
;besthe above equations J and L, one molecule of hydrogen peroxide
ﬁi£é fermed for every molecule of lead reacting, then the iodine

equivalent for the intermediately formed hydrogen peroxide may

{éalc:ulv ted in terms of the quantity of lead redcted.
| The following table XI embodies the data obtalned,

- TARLE XT
IETERMEDIATE FORMATION OF HYDROGEN PEROXIDE ON INTERACTION
f OF LEAD, NITROBENZENE, AND SODIUM HYDROXIDE
IN METHYL, ALCOHOL SOLUTION

‘~w(39b-f6maoﬂ-réesHgNoL_eysmangoL+g(c6H;N)of—33;01---~a~- J)

- (2Pb + 4NaOH +2C¢ EsNO, —> 2Na, PO, + (C,HN), + 2H, 0, =mmnmmm L)
( 3H,0,+ 6KI—> 6KOH + 3T, mmmmmmmmmmmmmmmm e —————g )
l o 3 4 5 ©

R KT Pb Reduetion Azoxye Azo~
used reacted products benzene benzene
La £ - % '
0,0 19,24 18,85 4 59
0.0 19,33 18,85 41 59
35,0 = 19,25 18,80 58 42
35,0 19,30 18,80 58 42
Iff1  f  7 8 o 10
Run  I=H.0, I=H,0.  Is=H.0. H.evolved
found - ‘theory theory (sTP)
@quations JED(equatians JL)
Lo Ea % ,
0,0 0.0 0,0 1485
0,0 0.0 0,0 1519
22,50 23, 60 95,3 1480
22,62 23,66 95,6 1498
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’ -;“;, Since the quantity of lead reacted in run IT gave a
596% theoretical yield of hydrogen peroxide (celumn 9), it -
V3£6119w$»that lead does react with sodium hydroxide and with

bénzene to form hydrogen perdxide in conformity with
~equations J and L.

2, In the Klinger reaction with lead in the absence of
ﬁpetassimm iodide (run I), the ratio of the yields of azoxy-

zobenzene are practically 4:6, This ratio is reversed when
~gﬁ¢ta581um iodide was present in the reaction mixture-(run 1),

; gg The volumes of the hydrogen evolved (column 10) are

jpraetically identical, either in the presence of or the absence

éggfprt&SSlum iodide,
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SUMMARY AND CONCLUSTIONS

(A) The nature and extent of the reduction of nitrobenzene in

 etandardized solutions of sodium hydroxide, methyl alcohol,
‘ggaﬁfwater was conducted to determine the effects of inereasing
;kgggcentrations of sodium hydroxide and of nitrobenzene. The
ffféilewing facte were noted:

‘ “ Lle It was discovered that hydrogen was evolved during the
i?ééﬁfee of thé reaction and that with increasing concentrations
;'either of sodium hjdroxide or of nitrobenzene increasing volﬁmes

drogen were evolved.,

| 2, The nitrobenzene was practically completely reduced to
;gggexybenzene and sodium formate was formed in conformity with

ﬁ?thé?éguatiOn‘for the Klinger reaction.

3. With fixed concentrations of sodium hydroxide, in-

'béasing concentrations of nitrobenzene led to the evolution
inereasing volumes of hydrogen., With the maximum concentration
odium hydroxide used, the yields of hydrogen were practically
qj;‘ﬁértionalkto the molar concentrations of the nitrobenzene,
 i7; ‘4. An investigation of the rate at which the hydrogen

 W$s evelved and sodium formate formed during the course of the

action showed that, while the ratio of the sodium formate

;_5ég$§d;to the hydrogen evolved successively decreased, the total
f&ﬁéia @f sodium formate was not only practically constant, but
(T _:ekcess of the quantity formed according to the éqﬁatian for
zKlinger reaction, This led to the conclusion that---

ZSS. The evolution of hydrogen was due to the concurrence of

jtain reactions postulated in the reaction mechanism scheme,

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



; 44 ~

| 6. It has been suggested that the increasing ylelds of
hydregan with increasing yields of nitrobenzene were due to the

‘4vieusly proven intermediate formation of formaldehyde accord-

to the reaction mechanism scheme. Furthermore, it has been
hewn that formaldehyde reacts with sedium hydroxide to yield
é?ggen and sodium formate,

B)” The Klinger reaction runs as described and canducted in

,ffparti(A) were repeated with the addition to each reaction mixture
ff%f o4 go;es of pure granular lead,

'ﬁglw In all runs, the volumes of hydrogen evolved were

j;greatly in excess of the volumes of hydrogen liberated in the
‘jpapggnne of lead, part (4). ,
o f}g, The nitrobenzene was reduced to yield mixtures of both

fﬁlzazybanzene and azobenzene.

‘7 i3. With fixed concentrations of sodium hydroxide and in=-

pasing concentrations of nitrobenzene, identical amounts of
‘reacted to yield sodium plumbite.
fé; With increasing concentrations of sodium hydroxide,
k;fééfrespondingly increasing quantities of lead reacted as in 3,
'ﬂébuﬁ the quantities of lead reacting wefe not affected by the
1ﬁ§ia@reasing concentrations of nitrobenzene.

“”‘:~}5. With a fixed concentration of sodium hydroxide, both
'jf@Eé;ﬁbtal volumes and the excess volumes of hydrogen evolved

‘were found to increase in direct proportion to the inereasing

neentrations of nitrobenzene employed.

. 6, With fixed concentrations of sodium hydroxide and in-
}?7épeasing comcentrations of nitrobenzene, the ratio of the yields

f azoxybenzene to azobenzene were constant.

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



45

With increasing concentrations of sodium hyérexiée

e
fixed concentrations of nitrobenzene, the ratios of the
s of azoxybenzene to azobenzene uﬁiformly decreased, i.e.,
_,4eXtent of the reduction was more pronounced. Hence, --
 f 8. This result (7) wae attributed to the presence of lead
‘iﬁéreasing eohcentrations of sodium hydroxide in part (A)}
Qr effected the formation of azebenzene )

( )  A further study of the effect of lead (in quantities rang-
;;ing fram «4 to .0l moles) revealed the f@llowing facts in all runs:

1. The nitrobenzene was completely reduced to yield

' _)eé of azoxybenzene and azobenzene, -

¥ H4'2. With decreasing amounts of lead, both the total volumes
;7éhaxﬁh@ excess volumes of hydrogen decreased but not in math-

: ical proportion, |

f_ 3, With decreasing amounts of lead, the percentage yields

zoxybenzene increased while those of azobenzene decreased

not in mathematical proportion,
| §74, Since the lead initially present, even in the minimum
1imelar amounts, was never completely reacted, the formation of

y]beth azoxy- and azobenzene revealed that lead augments the

lf;valﬁmss of hydrogen evolved and promotes the extent of the

: n”duction. . |

 ;(9) An 1nvestigatlon of the reduction of nitrobenzene by lead
Jiand godium hydroxide in the absenze of methyl aleohol chowed that:
1. The nitrobenzene was reduced chiefly to azoxybenzene

i some azobenzene. The lead reacted to form sodium plumbite

- w_é‘fed lead presumably according to the following equations:
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Pb + 2NaOH — Na,Pb0, +2H R e o

3Pb + 4H,0 —»Fb; O, 4-8H | P
ﬁé; since no hydrogen was liberated, the available hydrogen

ations o and p) was found to be equivalent to the quantities
£ azoxybenzene and azobenzene formed.

W‘E)  Since sodium plumbite was formed in all of the runs, a sep-
;, aréte~inestigation of the reduction of nitrobenzene by sodium

mbite alone revealed that:

1. The nitrobenzene was partially reduced solely to azoxy=-

'neiWith the concomitant formation of red lead.

, ;2}' The equation developed for this reaction --
;;JQNaszOL+2CGH;NOi+9HLO~—7(C‘H,ng4—3Pb30q+18HaOH 5

l k@és ﬁ¢££irmed by the yields of azoxybenzene and red lead,

‘since the proposed reaction mechanism scheme for the Klinger
eaction indicated the intermediate formation of formaldehyde,
ﬁkreduction of nitrobenzene by formaldehyde and sodium hy=
;gxid@ in the absence of methyl alcohol was investigated both

n the absence of lead and in the presence of lead. An application
:T?p,7t§e reaction mechanism scheme te the reduction of nitro-
ff}ﬁanéene by formaldehyde gives the equation:

: ‘]"2 | 2C(H,NO, +3HCHO + 3NaOH —(C, HyN)Q +3HCOONa +-3H, 0 T
}?§ f1f;In-the presence of lead, another concomitant reaction is
gl:§§p§§éented by the equatdon:

o 3Pb +6NaOH + 2C HNO, —>3Na, PbO, +(C H N0 +3H,0 Y

_;,Experimental runs conducted in the absence of lead and in
presence of lead revealed that: ‘
1. 1In the absence of lead, the extent of the reduction wae

ggy'small~~an average of 5,5% theory yield of azoxybenzene,
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| 2, In the presence of lead, the per cent theory yields
;efﬁaZQXybenzene were three to four times greater than the

ds of azoxybenzene without lead. Hence, --

3. The presence of lead catalyzes the reducing action

formaldehyde upon nitrobenzene.

Q(GJ;~The facts that the presence of lead in Klinger reaction -
| ;ures increased the volumes of hydrogen liberated, the ex-
fftant of the reduction and, that the increased concentrations

fef nltrobenzene also proportionately increased the yields of -

: :gen, may possibly be related to a well~known property of
fléad to undergo oxidation by atmospheric oxygen yieldlng hy-
?ﬁ%@é@n peroxide accérding to the equation: ‘ '
o P - 2H,0-+0,—> Pb(CH), + H,0+

. If it can be proven that nitrobenzene oxidizes the lead

f?ané is thereby reduced to azoxybenzene with the formation;of
éﬁ@gen peroxide in‘conformity with the derived equatioh,

:  3Pb+-6NaOH + 4C, HeNO,—> 3Na,Pb0, +2(Ce HrN)O + 3H, 0,
1}it1§¢uld be further assumed that the intermediately formed
<;h§d§§gen peroxide may lead to the formation of hydregen in
:ﬁc@nfarmity with the prev1ously confirmed reaction represented
. Lby the equation-~ 2CH,OH 3,0, — ZHCOOH +4H.0+Ha

\i The validity of this assumption has been attested by
1:previﬁg the intermediate formation of hydrogen perexide on

interaction of lead, sodium hydroxide, and nitrobenzene

}a»aqueous solution in conformity with the above equation J.
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‘éfagiien of lead, sodium hydroxide, and~nitroben2ene was
@faven to occur in methyl alcegoifselution. Azoxybenzene
hydrogen peroxide were formed in‘these reaction mixtures
fénformity with eguation J. Furthermore, azobenzene and

gh,dregen peroxide were formed in conformity with the following

tion: 2Pb+4NaOH +2Cs HsNO,—>2Na PbO,+ (CoHell), +8H, 04 L
The total yields of hydrogen perexide (eqnatiens J and L)
were found to be equivalent to the total ameunxs of lead reaeting

'nrermity with equations J and L,

 ;'ﬂ{In conclusion, it has not been possible to correlate the

;;gﬁgp ities of lead reacting with the yields of hydrogen, azoxy-
be ene, and azobenzene in the various runs because the hydrogen
arise from the several gources described. However, experi-
atél data indicate that lead definitely catalyzes one or more
he reactions whereby hydrogen is formed, some of which may
iberated and some of which may effeét not only the reduction

iih;tr@benzene both to azoxy- and azobenzene but also function
}}tﬁe reduction of the'intermediately formed formaldehyde,

The assumptions proposed for the several cencurrent reactions
khav@ been confirmed by the experimental data whieh serve to ex-
; §lain the increased yields of hydrogen and the increased extent

=%e"7reduction as being, in general, commensurate with the increas-

J!quantities of lead reacting and the inereasing concentrations

‘nitrobenzene employed in the various experimental runs,

Further investigations relating to the foregoing problems
? &?9 being conducted in this laboratory.
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