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OSRD No. 4025

Divisicn 8
NATIONAL DEFENSE RESEARCH COMMITTEE
of the
OFFICE OF SCIENTIFIC RESEARCH AND DEVELOFPMENT

THE CXYNITRATION OF BENZENE TO NITROFHENOLS

Sorvice Projoct: NO-117

Endorsement (1) from Dr. Ralph Connor, Chiof, Division 8 to
Dre. Irvin Stewart, Exocutivo Socretary of the Naticnal Defenso
Research Committoes

Forwarding roport and noting:

"In 1942 hoavy demands for phonol throatonod to roduco
oritically tho amount of this material available for the
production of pioric acid and emmonium picrato. The Navy,
therefore, roquestod Division 8 under Sorvico Project NO-117

to reinvestigato the oxynitration of benzenes This proooss,

tho direct conversion of bonzone to dinitrecphenol and/or pierie
acid by treatment with nitrio aoid and morcuric nitrate, would
oliminate the nocessity for using cithor phemol or chlorobonzene
for the manufaocture of piorio aoid and ammonium picrate.

"The work of Division 8 on tho oxynitration of benzene has included
both studies of the mechanism of thec prooess and studies directed
toward tho develeopment of preparative prooedures. The mechanism
of oxynitration has been established and has been described in
OSRD=3154 and 4024. Proparative procedures, batch and ocontinuous,

have been devolopod and aro describod in OSRD-4026 and in the present
report, .

This roport is conoornod primarily with continuous oxynitration
prooessos. The most sucoessful of these is ono in which oxcess
bonzene oontinuously extraots organio produots from the rcaoticn
mixturo. Tho yields oqual or oxoced those obtainable in bateh
operation, and the losses of moroury catalyst are minimized. Data
on the effoot of varying oxporimental oconditions aro described,
and exporiments on the mochanism of the procoss are presentods

"Inusmuch as the expeoted phonol shortago did not dovelop, none
of the procedures desoribod in OSRD-4025 and 4026 was put into
pilot plant ecperationes
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OSRD No. 4025

Endorsement (Continuod)

"on the basis of thesc laboratory investigetions, it is

believod that tho oxynitration process oan compéte suocessfully
on an economic basis with other known mothods of making picrio
acid, but this oan be established definitely only by pilot plant
studios. In any case, sorious consideration should be given to
this prooess, if and when a neod arisos for tho oreation of
ricric acid facilities over and above those already in existenoce.

"This is the last roport to be issuod by Division 8 on the
oxynitration reaction.®

This is a progross report under Contract CEMsr-646 with the
University of Pemnsylvaniae.
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G. Richerd Handrick

Leonzrd W. Kissinger
Edward H. Specht
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ABSTRALCT

An extensive reinvestigntion of the oxynitration
of benzene to £,4-dinitrophenol and/or picric acid by re-
sction with nitric acid-mercuric nitrate solution his been
carried out in colleboration with other groups.

A new procedure for continuous oxynitration of
benzene to dinitrophenol (with some picric acid), utilizing
the continuous liguid-liquid extraction principle, has

been developed under this contract: an excess of the orgenic

reactant, benzene, serves to remcve benzene-scluble organic
reaction products from the soluticn in vhich they are formed,
¢liminzting the necessity of interrupting the operstion of
the reactor while products zre removed. Yields of nitro-
pher~ls equal or execeed those obtained by batch procedurcs,
and lesses of tsercury cotalyst are minicdzed. DPota
illustrating the effects «f cxperimentzl variatiosns zre
described.

4 nunber »f bateh cxynitraticn runs ere described.

Previsus work n the mechanisu of the oxynitraticn
reactisn is reviewed, end new experiments which throw light

:n the mechanism have becen carried cut.
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INTRODUCTION

Definition of Oxynitration.- The oxynitration of
benzene is a process involving the reaction of benzene with
aqueous nitric acid containing mercuric nitrate as a
catalyst to form 2,4-dinitrophenol and/or picric acid.
The by-products are nitrobenzene, p-dinitrobenzene, o-dinitro-
benzene, carbon dioxide, oxalic acid, and traces of other
products. The reaction has been investigated especially as

a method of manufacturing the military high explosive, picriec
acid. '

Purpose apd Results of the Present Investigation.-
.During 194%, the heavy demand for phenol seemed likely

to create & shortage of this material for the manufacture

of picric acid and ammonium picrate. A service project,

NO-117, directed the reinvestigation of the oxynitration
resction &s a possible mezns of manufacturing picric acid
directly from henzene.

Work under Contract OEMsr7646 at the University
of Pennsylvznia was directed to a study of the oxynitretion
reactioq during the period October, 1942, until the spring
of 1944, when it became evident that the demands of the
services for picric acid could be met from existing facilities.
The work was cerried out in collaboration with other
NDRC contract groups =t the Universities of Michiganzv’za
and Chicago.25’26’27

Studies- at the University of Pennsylvania included
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a reinvestigetion of earlier work on bitch processes, zn .
: 1nvéstigation of the reaction mechenism, and eventusally
the development of a new modification of the oxynitration
reaction which has been called the Continuous Extraction
Process. This report is devoted chiéfly to a description

of the Continuous Extrection Process.

The Continuous Extraction Process.- In this
process benzene is introduced into the nitric acid-mercuric
nitrate solution through a2 cluster of glass Jets by which it
is broken up into smzll droplets. The dispersed benzgne
droplets rise through the solution, partially dissolving

and reacting. The excess undissolved benzene serves to ex-

tract the products of reaction from the solution. The

supernatent benzene extracts are removed continuously,

processed to remove reaction products, and the benzene is

returned to the resction mixture through the injection jets.
The reaction mixture is fortified continuously with 98%
pitric acid to maintain uniform acid concentration. The
expansion in retction volume is compensated by the removal

of small portions of reaction solution, concentration of

the catalyst by distillation, and return of the concentrated
catalyst solution to the main reaction mixture. The ylelds
and the quality of the nitrophenolic products appear to be
comparable to the yields and quality obtalned in batah runs
under similaur reaction conditions. It zppears to be possible

to reach znd maintein an essentially stezdy state within the
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reactor with respect to the concentrations of reactants.

and products.

S c s Us 0 tra
of Benzene.- The nitric acid concentrations used for
oxynitration in the present &as well as in garlier studies

have generally been in the range of 50 to 65% by weight

(which is. equivalent to 10 to 14 M solutions). The mercuric

nitrate catalyst concentrations have usually been between
0.2 M and 0.5 M, although both higher and lower concentrations
have been studied. Other substances have been added in some

experiments.

Four main types of procedures can be distinguished:
| -
phenol
Benzene is agitated with & considerzble excess of |
oxynitrating solution st temperatures usually in the
range of 50-600C. until &ll benzene disappears. b
Crystzlline DNP is isolated either by chilling the

solution to precipitate the product or by extracting
with an immiscible organic solvent.

Com-lete Disa srence of Be Picric Ac
GI) as the Major Produet.

Similzr to Type 1 except that after completion of

the first phase of reaction the temperature is raised
gradually to the boiling point. At the higher tempera-
tures, oxidative destruction of some of the by-
products occurs and most of the DNP is nitrated to PA.
When the mixture is chilled, crystalline PA separates.

Ivpe 3. Partial Reaction of Benzene, £.4-Dinitrophenol
es the Mzjor Product.

An excess cf benzene is allowed to react with the
cxynitration solution under mildé ccnditions, usually
in the temperature range of 50-60°C., with or
without agitation. The reaction is terminated before
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all of the benzene is consumed. Some of the reaction
products are found in solution in the benzene phase,
the amount depending upon the relative volumes of the
benzene and nitric acid phases present.

4. Partial React of zene. cric Acid as
Major Product.
When high concentrstions of nitric acld are used or -
when manganous nitrate is added as a catalyst or
with any of several other special modifications of
conditions, a considerzble proportion of the DNP may
*be nitrated to PA even though some of the benzene is

not consumed. This is true of certaln variations of
the Continuous Extrectiorn Process.

Historical.- The oxynitration of aromatic hydro-
carbons was discovered and patented by Wolffenstein and
Bgtersl sbout 1906. Earlier patents described a mercury-
catalyzed hydroxylation of aromatic compounds without
nitration.® Subsequent publications of Wolffenstein and
collaborators® provided further details of the reaction.

During and immediately following World War 1,

investigations of methods for the breparation of picric acid

from benzene by ‘the oxynitration method were carried out

in France,4’5 England,6’7 Austria--Hungary,e’9 the United

'States,lo,ll,lg Canada,l3 end Germany.l%

In 1917, three slightly different oxynitration
processes were offered to the United States Government
by Reid and Lodge, by Brewster, and by Lloyd. Brewster,
Lodge, Lloyd, and their associates eventually formed a
single company, The Contact Chemicel Coupany of America, Inc.,
and together late in 1918 they carried out limited pilot
plent investigutions at the Nixon Nitration Works, Metuchen,
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New Jersey, with finencial support of the United States
Army Ordnance Departmen{.15 The results of seversl large-

scale runs were considered proumising, but apparently the

number of technical problems still unsolved and the end of

the war brought an end to the investigations before a

completely satisfactory plant process had been worked out.
After World War 1 some further investigations

of the oxynitration reaction were made at Picatinney Arsenal,16

‘but were discontinued in 1821 becéuse the results indicated

that the consumption of nitric zcid would be high and that
costly special equipment would be needed.

More recently other papers on oxynitration have
appeared from France,17 Czechoslovakia,18 &nd Russia.19

In 1940, W. C. Lodge of Canada, coinventor of

a process offered to the U. S. Government in 1917, re-

investigated the oxynitration of benzene with particular
emphasis on the resction under mild codditions.to form DNP.
His reported yields were checked by Boyergo of McGill
University.

G. F. Wright,zl of the University of Toronto,
begen & study of the oxynitration reaction in 1840 which
culminated by 1942 in the development of a process for

producing picric acid on p;lot planﬁ'scale. Adams &nd
Marvel®® of the N.D.R.C. checked and verified thc yields of
PA obtained under the conditions specified by Wright. A
detailed evaluation of the Wright Process from an engineering

point of view and an analysis of costs in comparison with
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other methods for picric acid manufacture were msde by
P. Ferencz®® of the Research.and Development Depeartment,
Canadian Industries Ltd.

The Barrett Company, New York City, has studied
the oxynitration reaction to produce DNP. A memorandum
report on the Barrett Process, duted Maxch 11, 1942, appears
in & report from Picatinney Arsenal®4 on the testing of the
quality of picric acid prepared from DNP made by the
Barrett Process.

Convent ss c : 8 s a
Rates in This Report.- The oxynitration reaction involves
a very complex Sequence of reaction steps, some of which

are still obscure. For this reason a kinetic point of view

hags been adopted as far &s possible in presenting the data
of this investigation. Concentrations of reactants are

usually expressed in terms of moles per liter of reaction

volume (M) ruther then in weight percentages, the units used

in much of the previous work.

The use of weight percenteges for solutions of

organic and inorganic solutes in aquecus nitric acid is ept

to lead to ambiguity. 1In some of the data sheets of this

and other reports of oxynitration studies, when concentrations
of nitric scid in aguecus solution contazining various other
solutes in addition to the acid were being considered, &n
empiricucl weight percentage hes been used: the "percentzge"
of nitric acid is expressed in terms of the weight percentage

for a solution of pure nitric acid in water having the same
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molar concentration. Although the conventions have not
slways beern specifically stated, it is“our impression that
other workers have also used such "equivalent percentages"
rather than true weight percentages.

Table 1 shows the relationship between the weight
percentages of nitric aecid soiﬁtions in water at 25°C. and
the molar concentrations as used in this report. This table
is the basis also for the calculation bf equivalent per-

centages in reaction mixtures.

)4
16.0

15,

o
o

l12.0

11.0

45 656

Perggnt Composggion by %gight
Table 1
Relationship between the ilolar Concentration
and the Weight Per Cent for Solutions of Nitrie Acid
in Water at 25°C,
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Reaction ratés have been expressed in terms of
grams of reaction product per liter of oxynitration solution
per hour, This unit is easy to relaté to the kinetic measure-
ments of mercuration, etc., expressed in moles per liter per
minute. Rates are based upon the volume of reaction mixture

which actually produces product, at the temperatyre of the
reaction.

The names of reaction products are abbreviated
as follows:

2,4-Dinitrophenol
Picric acid
p-Dinitrobenzene
o-Dinitrobenzene
Dinitrobenzene
o-Nitrophenol
p-Nitrophenol
Nitrobenzene
2’4’2' ’4' -Tetra-
nitrodiphenylamine

DNP
PA
p~DNB
o~-DNB
DNB
p-

NB

 TNDA

S c

A, Theoretical

actio anisms.- A kpowledge of the
sequence of steps which occur in the oxynlitration process

is desirable for better understanding of the operation of the
special procedures described in this report. The reactions
now known to occur are outlined briefly in this section. Some
of the work of establishing the steps was dome by earlier
investigctors. Perticular credit for work on the mechanism

is due to the group under Westheimer25’27 at the University
of Chicago. The contributions of the group &t Pennsylvania
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will be discussed in greater detail in z later section
(section III -B-C-D-E).

It is known thzt at least two alternative paths
can lead from benzerie to dinitrophenol through the catalytic
agency of mercuric salts. Two preliminary steps are common
to both paths. The benzene first dissolves in the nitric

acid, then reacts ss follows:

(1) O + Hg(NOz), — > Q—HgN03+ HNO,
(2) Q—-Hgﬂos + NgOy O_Nzo + Hg(NOg) g

The mercuric nitrate is combined only momenterily ard is
regeneratec as nitrosobenzene is formed. Other oxides of
nitrogen then nitrogen tetroxide may be capable of reacting
to cleave the phenylmercuric intermediate. The requisite
oxides of nitrogen, if not present initizlly in sufficient

quaentity in the reaction mixture, are apparently generated

by oxidative side rezctions; once the reaction is started,

it is possible thut the later steps of the oxynitration re-
action saquence continuously supply oxides to the mixture.
The nitrosobenzene can rezct by two alternztive
paths to form nitrophenols. Path A is the more important
in concentrations of nitric =zcid above 50% and in low con-
centrations of nitrogen oxides. Yields are good.
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Path A
(2)

I HNOz + N-oxides
S

N=0 NOg

(Probzbly occurs in several steps; the OH group

appears in the position para to the original nitroso
group.)

H H
(4) NOg,
+ HNOz + HYO
NO,, Og

<

H

OH
NOp HNO 0 NOz H.0
5 —~ 2
NOg 0y

Path B is the predominant retction course in con-
centrations of nitric scid below 50% by weight; it is favored
when the solution is szturated or neerly saturated with
nitrogen oxides. Evern under most favorzble circumstances,

the overall yields in Pzth B zre rather poor.

Path B
NEN)+(N03)‘

+ 2NO ——

N=N) +(NOg) -

OH
) + Hs0
g —> + N, o+ HNO..5
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OH

HNOz ;>. (and ortho)
(nitrogen oxides)

(4) Same zs for Path A, leading to ¥,4-DNP
(5) Seme as for Path A, lexding to PA

Some of the known or possible side reactions

are shown in the following equations:

(9) CgHg + HNOz —9 C6H5N0n

(10) CgHgNO CgHsNOg

(11) CgHgNO + HN°3 —> ¢ 0l @ (and ortho)

(12) O_ (HN03) O_ NO
da

OoN N NOg (TNDA)

‘Oz 1‘\02

(12) CgHsHgNOz + Hg(NOz)z —s CeHs (HgNOz)2 3 polymercurials

(14) CglgOH + HNOz (and N-oxides) —> oxidation &nd
condensation
products of
unknown structure

(15) C.H, _HNOz __ (unknown COOH
¢ ——=> HNO
intermediates) LOOH __75;3_ COo + Hg0
+ N-oxides
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1m ant Varis s.- The variables of the
oxynitration reaction are numerocus and not sll of them are
easily controlled. Before attempting a detziled discussion
of the varizstions in experimentzl conditions, it is well to

summarize some of the varisbles which our experience and the

experience of other groups have shown to have the most

important influence upon the ylelds and quality of products.
(a) Benzene Concentration.- The oxynitration

reaction occurs in nitric acid solution. 1f a separate
benzene phase is present in contact with the nitric acid-
mercuric nitrate solution, only the benzene which is
dissolved in the aqueous phase is effective in producing
nitrophenols. The concentration of benzene dissolved

at any given instant in the oxynitration solution is a
very importsnt factor in determining the yield of
nitrophenol end the extent of side rezctions. Numerous
experiments in the present investigation and in other
investigations have shown that saturaticn of the oxynitra-
ticn solutiosr with benzene gives relatively high proportions
of neutral nitro products and colored by-procducts at the
expense of nitrophenol foriazticn, while low concentrations
of benzene are much nore favorable for the production of
nitrophensls. Factors which indirectly influence the
concentration of henzene dissolved in the oxynitration
solution - the "effective benzene concentraticn" - are:
the rate of z2ddition of liquid benzene, the degree of
agitation of benzene with the solution, the degree of dis-
persion of excess liquid benzene in the oxynitration
solutien, the rate of remcval of benzene frou solution

by resson of chemicel resction.

(b) Nitric Acid Concentrztion.- The overall
rate of oxynitration increuses very repidly ss the nitrie
&cid concentretisn increzses. The kinetic studies of
Westheimer have shown that this effect results from the
great incresse in the rate of benzene umercurztinn (Step 1
of the mechanism) as the acid strength incresses. Below
approximately 50% nitric acid (10.4 M) the oxynitration
becomes impracticably slow uné the diazonium mechanism
(Mechenism B) giving relatively low yields is fzvored over
the more efficient rearrangement mecheanism (iMechanism A).
Avove 60% (13 M) strength the reaction is so rapid as to
be difficult ts control, and there is cifficulty in main-
taining constant reactiosn conditions. High concentrations
of nitric zcid also tend to favor the formution of nitro-
benzene snd the nitration of CHP tc PA.

CONFIDENTIAL




=13=~

CONFIDENTI1AL

) (c) Mercuric Nitrate Copcentratiop.« Con-
centrations of catalyst have usuclly been in the renge of
0.2 to 0.5 M+ Other confitlions being constant,; the cverall
rate of oxynitration is roughly vroporticnal to the :clar
concentration of catalyst.

(d) Temperzture.- The wverall rate of
oxynitrati~n increases_by a factor of appreoximately
1.8 to 2.0 f>r each 10°C. rise in resction temperature.
The relstive rates of the main and sicde reacti-ns ¢d- not
change 2t exactly the s&le rate; at higher temneratures -
Jarticularly above 60°C. - the frrmation of nitrobenzene
sncd the nitration <f DNP are favored.

(e) Concentrati:n cf Nitrous Acid.- Nitrogen
dxides must be present in the s:luticn, >therwise the
axynitration sequence preceeds no further then the
mercurati-n of the benzene. In 50% nitric acid, Westheinmer
has estimated that 2 cesncentrotion <f tatal oxides of
nitrogen equlvalent to thait pracuced by the additisn of
0.04 ¥ nitrite would be the wmost satisfactory for high
ylelds in the oxynitrztion reccticn. This is prcbably
about ~ne-tenth the c.ncentretion of & s~lutinn
saturcted with ~xides, 2n? is ab-ut wne-fifth that of -
the' s~lutian under the c.nditions <f the best run of the
C:ntinu~us Extractisn Appearatus. Expericental ¢ifficulties
hove prevented o nmore eritiecscl evalustion of this variable.

(£) Cuncentrztions of Reseti-n Pr.ducts.-
In bzteh rune the accurulction <f renctisn procducts
necessitates thoe peri-<ie interrupti n <f -persticn tc
wermit removel of reuction ,reducts. In the Continucus
Extroetion Process, ~rgocnie wroduets are rencved at the
same rate as frued once o stesdy stute is renched and
minimum resicuzl c¢:ncentrnti-ns of 11 products are built
uye The redcval of water formed in the reaction is prs- -
vicded £ 'r by the perisdic withdrowal of smzll portions of
rezctlion s-lutitn und concentrati-n of thesc portions by
distillati-n. Ox:zlic -cid, & by-prucuct, is preventec
from accumulanting beyoend a definite rniinlmal concentreticon
by the wresence of nmangan us nitrzte, which catalyzes the
wxi%nti:n <f the 2xslic reidé to carbon dleoxide by nitric
zcid,

A number of c-nsiderations limit the ronge
nf conditi-ns undcr which the xynitratisn process can
be opercted proctiezlly. It wos mentisned under the heading
Nitric Acié C.ncortrati-n that = 50% (10.4 i) conecentrati:n
is upproximately the l:west that ch ull be used. The
faetor which a»st limits the rezeticon in the directiun
~f mire ¢ ncentrated nitric zeid is the rate ~f accurmulzticn
°f rereti n preoducts and by-products. The continu -us
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extraction equipment developed under this contract is
capable of removing the mejor organic reaction procducts
at quite high rates of reaction.

The problem of the accumulation of the by-
prcduct, oxslic zeid, is more Aifficult. A concentration
of 0.5 M mongrnnous nitrote was found to he Just sufficient
to destroy oxolic acié when the oxynitraticn was carried
out 3t the rate of approximately 30 g. of dinitrophencl
per liter of oxynlitration s<luticon per hour.

B. Final Loaboratcry Extractisn Process in the
Nc. 5A Jet Extrector

.ral scrivti-n cf Process.- The coxyni-
tration s2lution is made up in the same way as for bvatch runs
under optimum eoncditisne (details sre presented in a later
sectizn); numer-us bateh runs served to guide the chuice of
conéitions. The benzene is injecfed intv the reacti»n mixture
near thce hottom °f the vertical cylindricszl rceacticn vessel

through © cluster of ccplllary glass jets in the No. 5A

Apparatus (2 coarse glass fritted disk was used in an earlier

mudcl). The sizz of the disperss? benzene Sroplets zud the
viluige of throughput of benzene is regulated, fullowing the
experience of numer-us pilot experiments, so that less then
104 of the benzene intr Cuced cetually cdissolves in the aeid
sn"lution. The undiss.:lved benzene drsplets rise through the
reaction nixture by rezsen »f their much lower cdensity znd
extract the benzene-soluble reaction prolucts. The dr.oplets
=f benzene containing dissolved reactinn profucts eventuelly
nerge upon the surfaoce in 4 sugernatant layer fron whieh benzene
is ellwed to cverflow countinuously inl:- a separate flagk
whoere the oxcess bensene is scrarsted by distilloticn and is
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recirculzted through the reaction mixture. No agitatlon is
used except that nroduced by convectlon currents and the
movement of benzene droplets.

The laboratory procedure is deserlbed in defail
for the No. 5A Extractor, the finzl of six different &ll-
glass models which were studied. 1t cnploys a cluster of
22 glass capillary jets for the introduction of the benzene,
2nd 1ncv£porates 2 nuuber of refinecients which were not
present in earlier nodels.

Runs were made unécer & number of Aifferent con-
ditions, but we consider Runs 5A-12 and 54-14 to be repre-
sentative of the "optimal results" schieved with this
apparatus. Run 5A-12 was 3 run cf sixty-five hoeurs made
to demnnstrate thot essentinally eonstint conditions cculd
‘be malntained eontlinususly {>r a long perlod of time;

Run 5aA-14 was for ten hours under similar concditinns to
deternine naterial bhalanees.

In spite of the mest coreful efforts some loss of
benzenc cecurs durlng the recovery sf unreacted Etarting
naterial, hence the follewing yleld values should bhe regarded
28 mininal, since they ure basged n the totzl benzene which
clsappears in the reactor:

Benzene Balznce in Run 5A-14
Benzere as LNP

Benzene os PA

Benzene 25 NB

Benzene =5 "DN3M

Benzene 28 COg (end CO®)

Benzene os Oxalice :.cild
Bensene not teeuntec for

; n3.3%

0w

(@] OQU"-OU‘IN‘Q

™

[
[oR e NN RV No Jo 3

=1
e
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Some benzene which volatilized through the condenser with
the nitrogen oxide fumes was meusured but not counted in this

balance, for it has been shown that loss by this route can

be mininized by the use of more e¢fficlient condensers; the

sumount which 1s volztilized can be absorbed in an oxynitration
solution, and is therefore not lost.

The rate of formation of dinitrophensl (or its
equivalent in PA) was 30.7 g. per liter of oxynitraticn
s~lution per hour. The ratio of DNP (or equivalent) to total
ncutral nitrs compounds was 10.4 to> 1 by weight. In the
long Run 5A-12 the coverall rate was slmest identical with
that in the run fcr balznces, and the weight rati< of DNP
tc neutral nitre products was 9.5.

A5 a basls for compsrison, it coan be estimated
frem the data of Wright that the Wright Priacess for Pleric
Acld is capeble .f praducing the equlvalent -f about 22-23
grams of DNP per liter of oxynitration solutien per hour,
calculated -n tha hasis f the verall tlne cyele ond the
initial rescti~sn volune.

It shﬁulé.be citphasized =t thls psint that what
we term "optirmum conditi~ns™ are not the only ecnditions
under which 202d results can be obtalned. Wice voriations
can be nacde in the e nditins, with ztterndant varictiins in
the results., If, {or exznple, o tuch higher rate of reaction
were desired, the rate ciuld be d-ubled cr tripled by using
nere cincentrated nitric seld and o luorger quantity of
mercury cetulyvst; this increzsce in rate, however, would intre-
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duce the protlem of the destruction cf the nore rapidly
nccuimulating oxalic acid. 1f nearly pure DNP were desired

instesd of the nmixture of DNP-PA, manganous nitrate would

have to be eliminsted from the resction rmixture; this omission

would make more Cifficult the long continued operation becnuse
2f the increcse in :xalic zcid¢ leading eventually to precip-
itaticn <f the catalyst as the Jdifficultly s.luble nercuric:
xalate. It is thus evident thot any verioations from the
so-called optimum contitions, while holding consideratle
wromise £-r special ~bjectives, nevertheless introcduce new
ursblems which weuld have to be s:ilved by further experimental

work.

Figure 1 shows the nll-glass BA Jet Extrzcior Appsratus.

The dimensicns of the zpgarstus are indiecaztad by acans of

2 scale shiwn in the ¢rewing. The varl .us parts of the
a.aratus zre inticated by letters, ond the frllowing key

t~ Fig. 1 exnlains the naturc cn? urpose :f the various parts:

d. HReacter Upnit cuonteining apprixinately 2250 rl.
of oxynitrati n sclutisn (nt counting a laoyer of
supernatent bonzene £ or 3 Cuw. Ccey).

B, Dr-pineg Funnel extending int: Diluter M. This
is use? for the continuous intr:fucti-n -f fortifying
nitric ceid of approzinntely 98% strength during a run.

C. Drosping Funnel extending int: retctsr. This
scrves fur the acdition of fortifying cntelyst s~lution
ant also for the reasval, by @;pliccti-n »f suction, of
sciiles of rezcti-n liquer fur =nzlysis.

L'
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E, Reflux Conienser. To conlense tenzene ~nd
some of the nitrogen oxides while permittin. carbon
loxite, nitroien, «nd nitric oxide to escope.

F., Overfilow Tube. Supernatant benzene and dissolved
rcaction prolucts overflow through this tubc into
Flask H.

G. Heotinzg Jacket. The outer jocket, containing
wuter, ic warmed by a steam line ané stirrecd by
mewns of 2 strezm of air. During the asetuzl oxynitra-
tion runs, the hest of reaction is often sufficient
to mzintain the proper temperature. Occusion:zlly
sli-ht cooling in the externzl jacket is required.

B, Fveporstor Flask. The 1000-ml. flask serves to
collect rezction products. 1t is hezted ot 115-1£0°C.
by means of an oil htath, sné benzene and nitrogen
nxicdes Aistil into Flusk 1. The Stopcock J permits
tha Flask H to he cut off without interruption of the
speraticn of the recctor while a new {lask wné fresh
benzene areintrocduced intos the system.

1. Briler Flask. The use of this 500-ml. flask,
heested in nn ¢il bzth ot 105-110°C., is to 21i¢ in the
cistillstion of henzene hoeeg int. the rezetisn system
thr-uzh the lets. The second flaslk ¢=n be heated ern-
tinucuely even while Flask H 1s being changed.

J. Etopeseki. To permit Flaskx H t ke cut -~ut =f
the systur without interrupting -peruati-n +f the reacter.

K. Cindenser. C-ondenscs the hot heéenzene vepsrs and
s me =f the nitr sen o°xldes froao the B-iler Flesk 1.

L. Jets. 4 clustsr of 22 sh-rt lengths f gless
caepillury tukdng, esch with on intcernal Ziamcter of
apprezimately 0.5 ma.  These are all cursfully fused
int- « einzle plate so that the tips o2re in a horizontel
planz, =n¢ thce =xes of the Jets are 211 parallel #nd
verticcl., All jets were made from the same gieee of
capillary tubing to insure uniformity of internal diameter.

M, Diluter. The 98% nitric ceid used in frrtifi-
citi'n 1s slightly more dense than the reaetisn mixture.
The fortifying neid flows down inside the diluter tuke,
which is elusad on the Wwottom and ints which tenzene
*r.plets cunnot enter; zs the z2eid flows downwar! 1t is
ZiJuted by oxynitrotl-on sclution entering the small
tutulir ~penings in the side +f the (iluter. Fertified
snluti n flows cut w%in thr ugh the sucll openincs in
the 1ower prrtion >f the “iluter. In this wuy, dircet
c ntosel i benrzene Cfroplets with very crneentrated nitric
seild is provented.
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N, G:s Absorption Tower. The mixture of geoses from
the recctor contains carbon dioxide, -ir, benzene vapor,
Ng, NeO, NO, NsOg4 cnd perhups other oxides of nitrogen
#s well, All except COg, oir, Ns, ond NgO sre sbsorbed
ny passage upward through Tower N. 4 solution of con-
centrated sulfuric zcid and 98% nitric acid is 2llowed
t> flow slowly é-wnward through the zbsorpticn tower,
disscliving wnd converting %enzene to m-dinitrobenzenc,
and c~nverting recovercble nitrougen oxldes tc nitrosyl
sulfuric =cid. Residual guses wre passed into o large
glzss Wottle over acidified water or brine; when complete
tzlunces ure nude these residual guses cre znalyzed.

zin frow Recetsr. The drain .with stopeock
serves tn remove small portisns of the reaction nmixture
éuring <« run as the formaticn of woter ceguses the
mixture to expand. 4t the end of o run it =2lso scrves
to remive the reactisn nixture and oxcess benzene with-
mut the necessity - f disiintling the reusctor.

Balanec.- This procedure is typicnl of azny runs which

verc mode, in particular Run S5A-12. The cencentraticons of

nitriec neid oané iaercurie nitrste verce veried in meny sther

runs., Baker' s C,P. Anslyzed 2enzene (Thiophene-froee) was
used in all runs in this report.

The s:lutiosn cherged int~ the reset.r ic nacde up

s f£.1lovs:

£95,5 . dercuric Oxice, C.P.
103  wl., Nitric acid, 98% (cquivilent to cutalyst)
1565 wl. Nitric Acid, 70%
460 :l. Vioter
283 ml. iunzanus Nitrate Hexvhydrate
S:lution, 79% 4.

Such ¢ s-~lutin is 0.5 i in mercurice nitrate, 0.5 M in
arngiotus nitrate, wnd 10.1 o in nitrice meld.

Benzene (600 :1.) is placed in the Evuporotor
Flusk H and 200 nl. -f benzene 1 plrneed in ¥Flask I; the

twe flaske 2rc haonted in il beths 2t, rospectively,
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115-120°C. anc 105-110°C. The contents of the resctor are
heated to the recction teriperature (55°Q. in Runs 5A-12 and
-14) hy mezns of worin water in the Jacket G, stirred by an
air current. The temperzture of the jacket is adjusted to
hold = constint internsl teuperature within the rcaction
mixturc. When the Flask 1 is hot enough, benzene distlls
throuizh th: long verticazl tube, condenses in Cendenser K oand
thence flows into thc hotton of the reactor through Jets L,
which brezk up the benzene inteo o shower of fine droplets.
The tenzene btuilds up ¢ head in the tube zbuve the Jets, and
the height ~f the head serves zs & roush indication 5f the
rate of flow ¢ benzone throuch the systest.

Wnen the flow of bhenzene h.s beecue stesdy, forti-

ficction with 98% nitric =cic¢ is tegun thr.ugh Dropping Funnel

B, the rate belng of the rder of £ nl. per minute. The rate

of fortificaticon is acjustod froul time to time, <n the basis

of analyses of suuples of nsther liquor, s» as to zaintzain

the erncentrati-n of aei? in tne soluti-n ot the desired level.
The loyer <+f supcrnatant henzene 1s nzintsined ot

2n spproxXiumctely c:nstont Zepth of 1.5-8 ca. hy peri-die

withcérzwzl of simall portions of reacticn s:lution through

Strpecock P in the Mttoa of the rezctor. Usuzlly bt

200-250 nl, ¢f w~ther liqu:r is withdruwn during 2 three-hour

perisde  The withfr-wn s:lution is srocesscd in the f2llowing
wiy. The 200-250-ul. f s lutirn c.llected over severszl hrurs
is extracted with three 75-nl. purti-ns f “enzene, the Lenzene
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being saved und eventually combined with the finzl contents
of the reactor for workup. The extracted nitric acid
solution is then distilled at stmocpheric pressure until the
residual volume is zhout 50 ml. The concentruted solution,
contzining the mercuric nitrate oné i:tngecnous nitrate, 1s re-
introduced into the solutien through funnel C. The loss of
catzlyst is neglizible. The dilute nitric scic recovered by
distillction can elther be saved for anelysis or, if cesirec,
could be used far the uekeup of fresh starting .aixture.

Sauples »f nother iiqucr sre¢ withidrswn at intervals
by applying zentle sucti i 2t the tup of Funnel C, and are
znalyzed for nitric 2cld, nitrous ecid, oxalic secid,
rercuric nitrate, mangenous nitrote, etc., ss cesired. Ad-
Justuiente are made in fortiTicatizn rates 2s needed to main-
tzin constent cunditiaons.

Ahut every eisht hours, under conciticons similar
tsy those of Run 5A-12, the reucvlisn products huve sccunulated
in Flask H t» such =n extent tnst & new flusk and fresh
henzene rust he used. The Stopesck J is closed and Flask B
is 2llrwed to cocl stacvhat until it con e exchenged for 2

new flask eontaining 600 ml. - f fresh benzene. The new

flasik ef boenzene is hezted t» »oiling =nd the flew of henzene

startcc once amcre by coutiously spening Stopenck J.  The
rcuzetir contlnues t:o porate wlthout interruption.

Grses zre prssad thriugh the Avscrotion Tower N.
While in lorge-seale operation this unit vijuld be replaced
by = moire offielent ecndensin: systes znd nn 1vsorbing tower
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containing oxynitration solution, we have limited ourselves.

to the determination of entrained tenzene and recoverable

" oxides by means of the mixture of concentrated sulfuric acid

and 98% nitric scid (Bachmenn, OSRD Report No. 4026,

February 28, 1945, page 9). Benzene was determined as g~
dinitrobenzene in en sliquot portisn, ané recoverable oxides
of nitrogen could be estimated in 2 Lunge nitrometer.

A typical schedule of cperations is shown below

far & portiosn of the long Run 5iA-12 (fourteen of a totel of
sixty-five hours):

Table I1

Fortification Vol.of | Time |Time " Vol.
Vol.9 anal. Coned.

soln. ith- . saln.
Time HNO4 N smpl. |ENOz rtd. to

added wthin. | arewn [Wthéne o reactor

, 10:55-11:45 100 ml. 11:30 10.40

11:45-12:35 100

12:35- 1:25 100 233 ml. 1:25

1:25- 2:15 100

2:15- 3:05 100 2:00

B:105- 3:55 100

3:55- 4:55 100

4:55- 5:25 100 5:30 10,31
5:35- 6:25 100

6:25- 7:15 100

7:15- 8:05 100

8:05- 8:55 100

8:55- 9:45 100

- 9:45-10:35 100

10:35-11:25 100
11:25-12:15 100

12:15- 1:05 100 12:30 10.35

* A c:ncentratec nf the mother liquor previcusly withdrzwn.
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During the sixty-five hours of Run 5A-l%Z, eight
different evuiporator fl:sks were used. Ezch of these flasks
was worked up sepafately_to deteruine the average rates of
formeztion of products curing each of the time intervals. In.
this way we were able to deteruine that hoth the rates of -
formation and of removal of products reimained constant within
the sllowable &ariatinn ovar the whole reaction time. The
data on weights of product are shown in the table below to
illustrate the typical operutirn of the Jet Extractor.

Tabkle 111
Suiama n ¢ R A-18

BEvzporator Flask No. e 3 4
Time Interval (hours) 18-26 26-34
Hours in Use 8 8 8
Welcht of Nitrsphenols (i.) 809 574
DNP (=. 3 ) 589 368
pA (g 420 206

Woignt . f Nitro Pr-cucts (g.) Z 68.0 60.7
N

€. 41.0 41.0
"INBY (. 27.0 19.7
Rate of DN? Formatisn
(2. DipP/1l./hr.) : 25.8 26.5
Ration: 74 DNP
2 NE + Te nTNB® ‘ - 10.0 10.0

Evagoratar Flask No. _ 7 8
Time Intervol (hours) 2 4£-51.5 51.5-59.5 59.5-85
H~urs in Use 8 5.5
Weizght f Witrophen ls (3.) ] 621 496
DNP (g. 5 391 z10
ps (2. . €17 230 186
Weizht of Ritro Products (g.) G4 50.7
B (g.) 43.5 31.5

L £ 26.7 28.9 19.2
Rate of DNP Formation

(. DNP/1./hr.) 30.6 28.5 zz.l
Ratiov: =, DNP

J-JNB + 2. "DRB" 9.2 7.6 8.6

At the end «f the Run 5A-~1l% the rcecctor c¢ontuined the follow-
1!‘5 materianl: 88.9 Te DNP, 26.2 Je PA’ 444 e NB, «nd 4,0 Be
"DNB." The tetzl yicld :r the whole run was 6202 g. »f DilP +
Pi (57.9% :f this welcnt vwos TNP) ond 502 ;. of ncutral nitre
pr cucts (NB + "DNB")- CONF1DFNTIAL
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At the beginning of a2 run, the initinl pale color
of the nitric acid solution ropidly dorkens to = very deepn
red verging on blocck, the finnl intensity of the color being
2 function of the steudy-state rate of oxynitration. After

completion of & run, the mother 1liguid lightens agzin to o

clear red color.

uns w Materia lances

A dJd oxtrs .- iluch vzlusble informetion was ob-
tained by mtking 2 number of runs without complete matericl
bhzl2nces, «s described in the preceding section. The data
on retes of formation of prsducts and especlially the valucs
sf the rztis of grams ~f DNP (ar equivelent) tc grams of
neutral nitro products (NB + DNB) encbled us to judge whether
¢ givin set of conditions wes favorable withaut the necessity
of g:ing thr-uzh the extremely loboricus tusk »f determining
cremplete balunces. In very lhng runs it was improccetical te
detormine bslosneces beeruse of the grester proprrtisnal loss

:I” benzene which resulted from the hondling o0 ¢ number of

diffcerent cvaporitror flasks. For the deterzdnati-n of yields,

runs °f approyimately ten hours! durction were acde, using

'ne Evoporetor Fleask H.  The unresct.d benzeng wus rec.vered
ng fallows:

The ¢ nstituentes :f the wrigincl stock s-luti.n
zee ccvefully measuree ond the benzenc is welzhoed directly
int. the evoprrator snd boiler. st the ¢nd -.f the ten-
hour peri d ~f rescti-n, the hecting units sre remcved
frow the flscks. Circuleation f thi benzen: stops within
2 short time. Cold wotor is then circuloted thr-uch
the Jucket surr-undinz the rosct r until the tempercture
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.0 .
of the oxynitration solution falls to 2°C. The acic

cclution is drazined through the Stopcock £, but the benzene
is left ir. the reactor. The evaporutor =nd boiler units

(H cn¢ 1) zre left attached to the cppsrutus until they
have cooled tn rcom temvercture. Water is flushed through
the Jets L to sweer the remcining benzene into the reactor
well; the zquesus leyer bs seporated through B and the
rinsings sre saved for analysis of nitric =cid and
mercuric nitrcte.

The eveporator unit (H) is detached from the reactor
en¢ connected to én appsrstus in which 2 gentle current
of steoonm reom:ves the benzene rctiined by Fhe recction
procucts. Oxides ~f nitr:gen cvolved cduring the
¢istillati-n cre sbs-rboedé in =z trap contuining standard
alkz1li =o that the nitric acid balence can be chapleted.
The benzene contzined in the Briler I is similarly collected
by steam distilletion. The benzene still remaining in
the reactor unit is czrefully ¢éreined into z rcund-bottomed
flask ond Aistilled with stezm in the scme way. Eventuclly
211 >f the unrencted benzene is ccllected us nesrly pure
gistiilate t:zcther with s e woter in o single separstory
unnel,

The benzene loyer is washed with stondapd @lksll
to rewve nitrogen xides end niteie aci?; titroti-n of
the wash uzecrunte fur a s2l1l siisunt (f nitric zeid, which
is included in the nitric zcid balincc. The separa%:ry
funrel c-ntaining the c¢:lorless waghed b@nzene is then
sllewed te stznd cver nizht, tightly st ppered, ¢fter
which the lower aque-us lzyer is earcefully sepircoted and
discarded. Tha s:lubility :f benzene in water is ¢is-
regerded becuusc it 1s gquite 1ow; the s -lubllity ~f water
in benzence ic likewlse nezlected. The bonzene 1s weighed
in the tared funnel s wet benzene; then it is Jdried cver
unhy¢rous csleivie chleride and corefully distilloed fron
2 813211 Cledlsen fluck with Vigreux c-lunn. A smell resicdue
2f nitr -benzene cbtained fr.uy the benzene loyer is de-
ducted fr-m the wel:zht =f wet benzene 2né¢ the fiffercence
is recuried as recovercd henzene,

It is _.bvisug thet there are nacny chances for less
oI benzere thrugh filis clinging t: ;loss vessels and
thr :uzh v.letility. There are no cragensating creors
which tené to w2ke the weisht of ree-veored benzene high,
with the possible excepticn f witer ¢iss:1lvzd in the
benzene loyer, and this coan be estinsted us nezlicibly
small. For this reas:n, :ur baloneces, bosed un the
Jifference betwecn the wel:ht of benzene intr-Juced and
the weirht -f benzene cctuclly recoveres? ss sueh, are
¢ nservative, aininel values., 1n the bust run £r halunce
in the 54 Jet Extroet r (Run 54-8) st tal ~f 94.4% -of
the benzene wuas cec-untel for. In the tv o next best runs
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(5A-11 =2nd 5A-14) the percentcges of bhenzene cccounted
for were 93.1% =n? 90.6%, respectively. Run 5A-14 is

the one which most closcly appyroaches the conditicns of
the sixty-five hour run (54-12). We believe thot these
variations in the totel 2mount of benzene zecounted for
are to be expected =nd arce inherent in the very grect
exparinentzl ¢ifficultics of recovering benzene in smzll
gluss apparatus of complicated design., We clge feel that
the varying omnunts of benzene nst accounted for include
the sum of losses ~f vari-us reczction products as well

w8 the loss »f benzene 1tself - thiet is, in the crystulli-
zation ~f the nitrsphenols, the recovery of distilled
neutrel nitro compounds, gasesus cuompounds, traces cf un-
identificd procucts, ete. We feel certain that the 5 to
10% -~f tcenzene nct accounted for in the balances #yes not
represent uny single l.ss ur any uvreviosusly unsus;ected
by-product.

The covery of reacti on procuce was accunplished by
the follawlng procecdure:

Ths resicuc rcasining in the eviporzt.r flask (H)
after stcor cistillati-n of the benzene is poured ints
500 ml. <f ice weter, and sufficient triethun-lsulne (TEA)
is added t» rnecutralize the nitrophencls; agproxinately
ten per cent excess of TEA is added end the total volune
is made up to approxinmetely three liter: with water.

The s luti~sn is extracted with four 150--ul. sorticons of
bénzene t~ rencve nitrobenzene snd DNB., The extracted

TEA sclution is uwecidifiec with 1:1 nitric =zeid until
further =<¢fiti:n of neld yr:Quces nu further change in
c:lere  The mixture is chilled f-r chout twenty hours

at 0-5”C. =n2 the ixture ¢ DNP-PA is filtered :na
sintered :lass funnel, wished th. roushly with ice water,

tnc ¢ried st 60°C. fr twenty-f:ur houre, aftcr which it

is weighed 2nd apalyzed for percentcge - DNP by the
Koppescharr titratisn vith bronmine (See Appendix, 12ge 126).

The henzene ortrects »f the TEA sclutl 'n are cou-
bined, dried rver ccleium chloride, snd distilled thr:ugh
o modified Cicilsen flusk to raemave bhenzenc. A nitr.benzene
freeti-n is reasved ~ver & Yailing range of 207-215°C.

The undistilled oorti-n, which cryst:ollizes os it cuools

to peom tedperature, is welghed znd calculsted ©s "DNB. T
Actunlly, the resicue is o mixture, and its c mypxsiticn

w11l be 21lscusser in sreater Qetail later. The cssuantin
that it is "DNBY" £5r czlcul-tisn of yicells intr Quces little
ST N5 Srrr.

Th: ceidificd 1Ea Tiltrate reacining =fter rom-vel of
the aain porti-n of nitrophen-l 1o oxtrzcted in cne-liter
porticons with thrac 100-21. ;ortims f bhenzenc. The
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tenzere extracts ure couwbhined, the henzene is removel by
¢istillation, 2nd¢ the residue is dried in 2 streaum of air
for tventy-four hours sné unzlyzed for DRNP by the
Koppcschanre aethod.

The wother liquor drained from the retctor is zllowed
to stzn? loocely stoppered over night. The precipitoted
INP is filtere?, woshed with cold 50% nitric 2eid followed
vy water. The woshings arc znelyzed for mercurie inn. 4
750-121. zliguot of the filtercd mother liguor is cdiluted
to 1500 ml. and extracted with four 150-ml. portions of
henzone « The henzene extracts are woshad with cold water,
then extracte? with scversl portions of 20% TEA. The
2lksline extrocets are aeidified with 1:1 nitric ceid,
chilled t2 5°C., =nd¢ filtered. The DNP-Pi, thorcuchly
waghe! with ice wecter, 1s Jdried snd snalyzed. Nitrabenzene
in thc benzene is recwered us 2eseribed above,

Gases forned ’uring the <uynitrution reaction are
pussed through the all-glass ~bsorption tiwer packed
with shaort lengths of glass r.dding on? perfuscd with 2
aixture of concentrate? sulfuric zcii wnd 98% nitric acid.
The roses ewergine from the gus obhserpticon tower are
vassed throush o weter btubbler to elleect reiic nitr-szen

“¥xldes, :n’ resifucl frs is enllecte? in E0-1liter carb:rys
sver weter ocidifier to amethyl ~roniss with hy.ruschloric
aeis, The total velune of resicucl gee ie Zetermined in
runs fur conplate balsnee, ond the a8 eowposition is
Jetermine? by Orsat snalysis ©ir carb n cicxide, ~xy:en,
carh:n monoxive; inert resicdusl gos bs assumer to be o
rmixture of nitrccen snd nitrous oxide.

The 2¢i” ghsorptisn tower (N) ic wet by a slow
strear f o aixture f 6YH parts of 98% nitric zeci? 2nd
75 parts :f 964 sulfuric aci¢. Benzene is ebsorbed ond
exnverted to p-dinitrohbenzene. KReciverszble cxides of
nitroven sre als: ahstrbed. The trap liquer is ellowed
to flow Jewnwar? from the Jr. qpinz funnel =2t 2 rate rapid
encuh t: prevent the 1loss of brown oxides of nitrs.ocn.
The finsl v.luue =f the tower acid 1is neusured, ond on
zligu:t s2p1e 1s tuken for the estinmation of als.rbed
benzone. The ucid is <2iluted with @ larse excess f ice
wnd the crystolline u-"initrobenzene filtered, wnshed,
wnd weizheds Lnecther alicust portin of the treg ceild
1s unzlyzed f£:r totul nltric acid =nd potentinl nitric
weid by the Lun<e Nitr-wieter acth (. Since the initial
velsht of 98% nitrie zei? in the t-wer is kn wn, <né the
welht of npitric :eill e nsuuc?d Ly reactin with bhenzene
czn be caleul~te?, these quuntitiee -f nitric zeid ecn ke
ceducted froo the t-tel deterwined vy nitroooster, civine
the numter of ;pasis 1 100% pitric =zels which e ull hw
rezesveres f1our the 2hs rehed nitrooon iy,
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The water bubbler scrubs out nitric zcid or
higher nitrogen oxides carried over inecdvertently from
the trep. The zcicity is feterained ané celculated as
1004 nitric zci¢ in the fincl belgnce. « negligible
weight of sulfuric acid is ‘carriec ovir, tests with
barium chloride show,

sethods of Comp 5 Yjelds,- Since confusion

a2y result beceuse of the use of three different :methods

of cowputing ylelds in the oxynitrztion process, some
attention should he Adirccted to the methads used in this
and other studies whieh have been acce.

Thé products o1 the cxynitratisn reecticn which
have been identified include: DNP, PA, NB, p-DNB, o-DNB,
czrbon Ci:xide, oxalie zeid, ond tetranitr o Ciphenylamine (TNDA;
this product wos first identificd hy the group under Bachmann

ot Michigsn). Yielés z2re in generel repertel {or purified

profucts, or far mixtures -f jroducte whese coupositicns are
known by anzlysis,

Three different bescs £0r enlculatl ns of yield
have been used, cach intunded to caphosize a perticular peint.

These bases can best be shuwn by the f»llewing tobuletion:

o B A
Benzene NP

Benzene 28 Pau
Benzenc C02

Benzene as Oxzlic adcid

Benzane Not Lce unted For

Benzene 25 NB

Benzene as DNB

Benzoene Volatilizod tnrwugh Condinser

100% ~f th: Penzene Nt Reeovered s Benzine
CONFIDENTIAL
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In ecrlier puhlicctions yielcds of nitrophenols
were haced upon the total kenzence adleld to the reection
nixture (the M Basis" in tne ahove schaise), since the minor
profucts were seldom isolated, end unreacted benzenc was not
accountel for, clthough it was often noted that tenzene was
voleotilized through the condenser. 1t was recognized thzt,
without very efficient condensing, the loss of benzenc hy
volstilization mey he lorge, snd the suggestizn wis eorly
arfvenced thnt this loss could be miniimized by wvreoper cdesign
>f the contenser.

The losces oI kenzene Ly vapcrizutiosn are & funcetion
»f the couling teuperature 2né znrea .f en:ling surface, ang
alss of the volume .f non-conéenschle nases ¢v.olved in the

reactin. The av-unt 4 v-latilized benzene can he cut down

by efficient desiign »f the c.oncenser. Bachmann28 has sugzested

thet volatilized henzene te recovered hy cbsorpti-n in fresh
sxynitrati-n s:luticn. Since the cnount <f benzene vzlatilized
thr-ugzh the c naenser Leors re relation to the trme yields

£ pryfucte resulting from re=ctisn within the reccetion aixture,

worst of ~ur yielis, 25 well 2g¢ the yields :f the gr-un at
the University of dlichigen, have %een c.mputad on the
"B Basis, ! vhich oxcludes the velatilized bunzene, ceternined
»s a-dinitrorenzene in the tower reic. Licst yields rec-rded
in the litercturce are ' the ". Busis."
# third nasis, the "C Busis," hes scen used in 2
for eescs “uring thie investiicti n, particulzrly in connection
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with the stuly of the reaction mechanisms. If the benzene
converted to neutral nitro proucts by side reactions is
excluced from the basis of yicld calculetions, as well s
the benzene vnlatilized through the condenscr, ylcld valucs
for DNP znd/or PA azre obtoined whaich give an idea of thi
efficiency of the oxynitraticn reaction as Jistincuishcad fron
the side reacti-ns which lead to neute-i proouets. This
pcint will Le discussed in Zroecter Ceteil in the secti-n on
mechanism ( Secticn ITII ). 1t wee 1 the brsis °f o con-
siceratin of oxynitrati:n efficicneices tast westhelazr wos
led ti postulste the existence of o "peerrangement mcchonism®
fir the rxynitretion vrocess.

(5) Oxynitr-otio
Table 1V su.strizes the fzta ~n ten runs vaieh werce mode
uncfer vzrying conditions in the 5k Jet Lrtrect r.

(designnted as Runs 54-2 and 54-5 in Table IV)

Runs £ an¢ 5/were made t» estotblish & routine
»weratl nzl procedure for the Jet Extract:r, frlloving the
experience with carlicr wadels. In Run 2, 10.6 o nitric

nei? at 55°C. wes used ond, in Run 5, 1%.l u nitric neid

ot 457°C. 1t was felt that these represanted elose Luaproxi-

L

aztisns t~ ontimal ¢ n?iticns. Hung 6 an? 8 were ton=-hour
checks ~f Runs & =n' 6, respcetively, with unterinl Lilonces
cetermined forr benzene, nitric zeid, and sereury. Ne sengonous

nitrztec wus usew in any f these foure runs. The c.neentrotion

=1 ox2lie ceil wss found to rise sten”ily in Runs 6 ono 8,
reaching 9.5 . Ler llter in kun € znd 15.1 . seor liter In
Run 8. 1In neither czce ¢id reciitetion f the aercury

cetelyct cceur. CONFIDTRTIAL
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Runs 10 and 11 were attempts to Juplicate the very
favoratle balunce for tenzene ~htained in Run 6. No. 11
repeated the ylelds essentinlly within the expected voriation,
tut for an un:icccuntable rezscn Run 10 failes to Ju licctoe
the yields cxpected, prahably heczuse <f on erreor in the
recovery of proscucts.

In Run 9 on attenyt weo mode to keep the = aretus
in continucus speratizn for ¢t least fifty Lh-urs vith ut tue
use f mongunsus nitrotes The run hid to e Jiceintinved
efter twenty-nine hwurs beccuse of the  recicitution of
mercuric xalete in the jJets, cl-ogzing tho inlets fur hepzone.
It was ohvious theot ¢ rweuns had to he provirel for the
¢estructicn of the -“xvlie aeis,

Twe meth s far the destructicn ff .xalie zeid ware
crnsifered. One was to 21l:v the wxulic zeil! t- accuruluete
until preecipitation of rercurie cxnlate cccurrid (at ¢ level
~f approxinctely 19-20 =, - f :xalic zecid per liter, necurting
t- Aate ohtained Yy Bachmenn ot the Univorsity of iichigu%v’ba).
The crystalline uercuric oxalate ¢ uld be withlrswn at intcor-

gls frm the hottoa of the rezet-r wnd declngosel inte
mereuric nitrate and carwon Jilixicde by hentinz se, uratily
with nitric scid. Since thisz 1lun hud s:me rzeticul Jiffi-

cultics, the alternative wos successiully Tooeted, fros

results hteinel by the Uichisen or u,., ~f £7dins rolstively

hizh crnecentrsti ons f manconras nitrate £ entelyze the ro-

setin of nitric zeild cnd xolie reic to Fopr cuirbon ciosxicoc
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and nitrogen oxides. A concentration of 0.5 mole of .anganous
nitrate per liter of oxynitration solution proved to hc zdequate
for the intended purpose in runs in the No. 5& Jet Extrector
with opproximstely 10.4 M nitric acid ut 55°C.

In Run 12, as has been previously describea, the
5A Jet Extractor was kept in continuous operation for u total
of sixty-five hours without int.rruption, and at the end of
that period the run was discontinued when it scemed yuite
definite theot on essentizlly steady stote noc boon reached.
The chief proklenm of the nrevious runs - nanely, the destruc-

tion of cxalic celd - wes sclved by the use of 0.5 k& -iingancus

nitrate. Tuble V shows .the results of periodic 2nelyses o

the wsther liquor rode 2t intervals during Run 12; tue ¢ n-
centratiosn of sxulie useid rosce fuirly rupicly at first, then
riore slowly, and finally becesio constant within the error of
deterainaticon et o level of 11.9-12.0 g per liter o f
axynitrati:n s»lution, vhien 1s sefely belew the lovel ot
which cztclyst begins to precipitute.
Table V
Oxulic lLeiv C neentrotl ons in hun B5A-18

Hours «f Run Grems HoCo0yg per Liter

0
12
24
6
42.8
48
60.5
6L
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The mungunese-cetzlyzed oxidution of oxslie acid
causes somewhat uove rapid reduction of nitrie acid to
nitrogen oxides then in the oxynitreticn rezetion without
aangancus silt. For this recsson the rate of fortifiesticn
with 987 nitric acid was slightly hijher in Run 5A-12Z thao in
previous runs wlthout mingonesc. Soae of the extrzc nitrie

celd was required, however, to «llow for the highoer porecntege

of DNP nitrated tc PA as ¢ conseqguence of the activity of

rnanganous nitrate as a nitraticn catalyst.

Ruh 5A-17 was &n unsucccssiul zttenpt to use a
high c~ncentratlcen (12.6 i) of nitric acid ot relatively Lo
temperature (4060). The relative rate of forncti-rn of ncutrzl
nitro compounds was high, ané the yicld of nitrophen-:lie
product correspendingly low. This run wes :aude with so-c2llcd
"eold beilsr®; thet is, the benzene which passed througn the
reéctor was ccllected in 2 flusk ot roos temporszture wand wes
not recirculatea throurh the reazctor Ly Adistilleti-n. Runs
=f this typé were als: mede with ctnor wadels I the oxtractor
apparatus and yiclded much valucble inf ruation.

The yields mflnitr;phen-lic groducts 2re noturally
sf primery interest in 2 discussicsn o the extruetor -opcritus.
Yield datz for rune in the 5A Jet Extreet r sre suaoarized
in Table VI helow. The aethods f eczlculetinz yiellds sre

these elreacdy deseribed on poge 238,
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Tcrle VI
Yielcs of Nitrophenols in the 5A Jet Extractor

Yields of Nitrophoncls

RUn pased on Benzene Based on Totul Oxgnitrztion Weight Rutio
No Diszppearing in Benzune Eff{iciency of z. LRP/

the Reactor Consurned . g. Heutral
"B Basish "A Bosist "C Easis" WNitro Praducts

74 68 80

81 77 g7.5
73 : 69 78.5
78 75 85.5

=t et
oUl HOO

66 64,5 75
72 70 81

.—I
N

73 69 8l

Table VIL shows the Qata ~n materis) helonces ob-
tained in five of the runs mude in the 5a Jet Extroet.r.
Since it is more convenient to discuss the subject i wnterial
balcnces in 2 single sectirn for 21l of the extract-r apparatus,
the analysis »f this tablc will be deferred to Seeticn I-F,
page 50 .

The weight rotic of "DNP/Neutrel Nitr:s procuchs®
is defined as the weight -°f dinitrophensl cguivzlent t the
entirz nitrephenslic procuct (DEP + PA) divided by the ¢ .mbined
welzht <f the NB and DNB freetions. This rati> 1 ¢ aputed t:
a constant DNP basis t. ~v:id confusicn resulting fr.: the
varying degree of nitrzticn :f DNP t: P.A., When the henzence
was cycled Ly distillutin froum hested evsporiter wind b_iler
flasks, &né¢ especially when asnganous nitrote wes wresent in
the rencticn mixture, appreecizble fructir-ns of the DHP wore

nitrated to Pa.  The tise =f hecting f soluti ns of THP
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containing cdissolved nitrogen oxides is also a factor in de-
termining the extent of the nitration of DNP. Table VIII
summarizes the data on the extent of nitration of DNP to P4
in runs in the 5A Jet Extractcor.
Table VIII
Compositisn of the Nitrophenollic Friction
in Runs in the 5A Jet Extractor
Run_No. & DNP
2 80.6
6 56.7
10 71..3
11 67.3

5 (6]
8 58

14 54.7

Sonme of the nitration »f DNP t> PA occurs in the
evaporator flask in which the benzcne scluti:n of DNP is
byiled in the presence »f ¢issclved nitrogen oxides. Experi-
acnts with "e~1ld boiler" in other medels of the extractor
apparatus have inliczted’ that, in the absence of wuzngansus
nitrate and with gncd extraction efficlency, the prcduct
lezving the reactor is largely DNP with >nly siiall zicunts
of PA., If it were c-nsicered desircble ts nodify the oxtracticn
prncess t:» prepare DNP essentially without PA, then further
study wruld need to bte ziven t- the proublem =f separating

e¢xcess benzence fr o reucti n products by means which ¢ not

include heating the product with nitr-gen oxides.

Aas nenticned in the intrcducticn, the presence of
nitrogen oxides in the sxynitroti.n s.luti-n is cessentinl ¢ .r

the ~cecurrcnce °f the ermplete sxynitrati n scoucnce by
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cither cf the two known paths. No effort was macde in runs

in the 5A Jet Extractor to control the concentration of
nitrogen oxicdes for tw: reasons: first, the equilibriu ex-
isting among the various nitrogen oxides and nitrice zeid wre
extremely couplex cnd 2 simple cnalytical methed which would
express the nitrogen »xide loevel in o single Qﬁlue weuld
necessarily be sonevhat ewpirical in the uresent stote of
knowledge of the system under the conditir-ns of oxynitrati ng;
second, vari-us schemes f-r contr.:lling the nitrogen :xide leovel
secn so cumplicatad as t: be iaypracticsl. in the runs made

t> date in the 5A Jet Lxtractir we have liuited sur investi-
zatinns of the nitrogen »xide level t» ¢ single antlysis for
the cxmcentrati.n »f "nitrous acid.? Smaples of wether ligu.r,
when dlluted with & grect excess «f water, cun be used to

diazntize an aromotic zidne, nnd the =iunt ~f nitrous scid

initially present cen be determined colorimetrically by the

coupling of the diazcniunm salt sco firuwcd. This wmetho” was used
hy Westhelimer in hics iinctic stu?ics as the aost satisfuctory
simnle measurce of the osverull nitrogen ~xide level. vble 1X
shows the values for the concentration of "Nitrcus Acld”

during Run 5A-19.%

¥Run -19, nct cescerivec in the tobles ~f Jute, vos
mace for the axpress pur.cse :f following the chanses
in nitrigen nxicde level. The xynitrotin e nfitl ns
were similur t th:isc¢ in Runs 5A-1& -nd Ha-14.
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Table 1IX
Concentration =f Nitronus Acid in Oxynitration
Snluticn in Run 54-19#

Concentratisn of
Hcurs =f Run Nitrcus Acid in
HMoles per Liter

0.82
0.24
0.19
0.19
0.23, 0.21

It can be seen that the nitrczen oxide level becime essential-
ly constant cduring the first tw: hours of the run. It is
nbvious froum visual observztion of a2 reacticon nixture that
the induction period during which oxides of nitr.gen are
being foried at the beginning »f 2 run is >f rather shert
furaticn in normzl runs under faverable conditi-ns. This
assumption is als> borne 2sut by the cbservation thst the
fermation »f nitrophenclic material begins within 2 few
nminutes and steadily increases tc its .usxinum rate unless
substances are present in the nixture which destrcoy oxices
»r prevent their formation.

Westheimer hss estimuted that o s:luti“n -f 50%
nitric acid saturated with nitrcgen ingcg?hgé @ "nitr-us
acid" content of 0.35 wizle per liter by the analyticol methed
described.

The N». b Jet Extract.r was zn eurlier mzodel ofy ond very

#Zae firt rate on pige 6.
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similar to, the B5A Appcratus except that it lacked certain
refinenents of the latter. There were only eight zlass inlet
jets for benzene instead of twenty-two, ind the Dropping
Funnel B of the No. S5A Apparatus (see Figure 1) was lzcking.
The Diluter M wes a2lso luacking. The operating volume wzs

2460 ml. of oxynitrstion solution.

The operation »f the N2. & Apparatus wos essentially the

sane 2s with the Mo. 5A Apparotus, cxceut fur small differences
due to the absence :.f an cxtra dropping funnel and diluter.

The throughput »f benzene was sacller because of the smaller
nunber -~f jets, and this zffeeted the rates »f reacticn and

fortificati~n s<mewhat, ss might be expected,

Data for twenty-tws runs nade in the N-. 6§ apparatus are
suumarized in Table 1V 21-ng with the detz for the 54 Extractor.
Further data on muterizl balances are shown in Table XI -n
page 50a.

The initial runs were nadc t» translate the
informaticn obtained in smaller carlier midels t» the larger

N>, 5 Jet Extractsr. In Runs §-2 thr:ugh 5-10, inclusive,

the lup»srtance »f neintzining ¢ ¢ nstent nitric zcié c-ncen-

tration by eontinusus Cortificati-n wss not fully o, rceizted,
an¢ hence the rate dota are .f dubizus volue hecouse the
strength =f the oxynitrati-n scluti :p aust hove fluctuzted
greatly. Liter, the orsctice wzs ad-tec¢ of analyzing the
mrther liquor st intervels wnd adjusting the fortifiecation
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rate to maintain the desired constant value.

In Runs 5-8, 5-9, 5-10, an@ 5-13, efforts to moin-
tain a constant level of 13 M nitric ecid proved to he un-
successful, &t temperatures in the range 45-55°C. With such
a high acid concentration the reaction velocity is so h;gh that
great turbulence results, frequently causing the &cid solution
to spill over into the evaporator flask.

By reducing the reuaction temperuature to 40°C. it

wes possible to study the reaction under conditions of high

acid strength. Although rates were sutisfactorily high, the
proportion of neutral nitro compounds was so great thut ex-
periments under thesc conditions of high acid strength were

abandoned.

The amounts of carbon dioxide #nd cxeslic ccid
formed in thc oxynitration were not determined in runs made
in the No. $ Jet Extrzctor. Totzl percentiges of benzine
accounted for are therefore not cs high as for scme of the
runs in the 5A Jet Extroetor in which these determincticns

were made.

D. The Nc., 4 Fritted Disk Extractsr

Figure 2 (page 398 shcws the No. 4 Fritted [Lisk Extractor
Apparstus. The following key oxpliins the funecti-ns ~f the
varicus ports:

A. Reactor. The reaet-r is o vertic:l gless cylinder
with Internsl dimensi-ns »f enpr.oximately 4.5 x 50 cu.,
with an sperating vislume »f oppr:ximctcely 600 ml. of
oxynitrati-n scluti:n,. .

CONFIDLNTIAL
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B. Drovping Funnel. For the introduction of
fortifying 9 nitric ccid znd for the withdrawal of
specimens of oxynitraticn solutionm.

C. Thermometer Well.

D. Fritted Disk. A "Coarse" Pyrex Fritted Disk
approximately 1 inch Ln diameter through which benzene
is dispersed into the nitric zcid as a shower of
fine droplets.

E. Side-Arm Overflow. Supernttant benzene from
the reactor overflows through this side-erm into> the
Boiler-Evaporator Flask E.

F. Boiline Flask. When benzenc is recycled, this
flask is hezted in =2n 2il b=th t distil bpnzcnc ond
nitrogen oxldes away from the rcectisn pxﬁducts back
intc the fritted disk injcetor by way of the Tube G.

G, Rising Tube. This tubc was heated electrlcally
by means of a spirel coil of resistance wire vund n
thin asbestos paper; the use of supplementary heat on
this rising tube &llowed the Flask ¥ to be neated zt a

lower temperature without undue condensati:n of the
benzene vapors.,

H. Upper Copdenser. For the ¢ ndensatisn of hot
benzene vaposrs thgether with sime nitrogen oxides.

Some equesus zeld vepers were
carried along with the berzonce oné tended t- zceccuwrulate
as a seperate phnse beneath the fritted disk until
this phase separatcr was installed. Ocec:zsi<nelly the
aquenus phase in the Separator I wes withdrawn to pro-
vent its -~verflow inte thes injecter, since woter wuas
found tuv cluse the cpeninzs in the fritted disk t.
thoe passege =f benzene.

J. Ground Joint. This joint was necessary te allow
etsy assembhly and disanntling - £ the apparatus.

K. C-ndenser . cact:r. Tu o-nédense benzen: ond
some 9f the nitrogzen xides whilte peraitting curb on
di >xide znd lower ritroren oxides too pnss throuch,

L. Sicde-orm to Gas Abs rpti-n Tube.

M. Hestinis Jacket., Filloud with water and woraed
by 5 gentle current Of stesu and 2ip; 2lso usced to
¢~u1 the econtents -f the recetor cuickly to room
tempere ture ¢t the end - a run.,
CORFIDENTIAL
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N. Outlet in Reector. To drain tne contents of the
reactor and for withdrawal of mother liguor as the
volume expanded during & run.

The Fritted Disk Extractor was designed for the
purpose of studying the oxynitration reaction under the extreme
condition in which the solution would approach saturation
with benzene. The high dispersion of benzene was considercd
favorable for a rapid rate of solution of benzcne and =lso
wes expected to result in & very high extruction efficiency.

(2) Operation of the No. 4 Fritted Pisk Extractor.-
The Fritted Disk Apparztus was oper2ted in two ways. One
method was very similar to thot used with the two Jet ex-
tractors previously described (Nos. 5 end 5.i). Benzene was
distilled from the resction products in the hoiling flzsk (F)
and returned to the reaction mixturce continuously clong with

some of the nitrogen oxides carricd out in the henzene extracts.

In many of the earlicr runs with the Fritted Disk Extroctor,

unreacted benzene was recovered at the end of a run hy ¢
procedure similar to thet already described (poge 24ff)., It
was found, however, that it was difficult tc obtein guentitotive
recovery of benzecne from the fritted disk, and the percentoge
yiclds based upon benzene were unifosrmly lovwer in this spparstus
than in the larger Jet cxtructors.

For this reason, and nleo in ceder to conserve time,
211 runs baginning with Run No. 4-32 vere made by z "eold
beiler" procedure. The briler flask wes repleced by & large
receptiucle snd the >verflowing benzene extracts were c¢rllectcd
witheout hesting ~r without distillotion of the benzene baclk
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into the system. Fresh benzene was constantly fed into the
system through B Joint J at a predetermined rate. This
method required a lurger volume of benzene than when the
benzene was constantly recycled, and the determination of 2
complete benzene balance was impracticel. However, it wes
casy to determine the rates of formation of dinitrophenol and
of neutral nitro compounds, and also thc weight ratio of
DNP (or equivalent) to neutral nitro compounds. Experience
vith batch runs hed indicqted thot these duts provide good
indications of the performance of the cquipment; the ratio
of dinitrophenol to neutral products especiclly is a good index
of the order of efficicncy of the oxynitration, since = high
rotio is indicstive of & high oxynitration yield.

Some difficulty wus experienced s the result of
using a fritted glass disk for the dispersion of benéene.
In many of the runs a progressive clogging of the disk re-
ducing the rote of flow of bunzene was noted; sometimes the
head of benzene abeve the disk rose so hiegh us to fill the
side tube completely, and in such cases the runs hed to be

ternminated.

Several explanati-ns were advanced to aceount for

the clogging: (1) fine particles of mercuric -xuzlzte precip-

itated in the pores .f the frittud disk -r 2n 1ts surf-cc;

(8) nitric ncid scluti - n grrdualiy watted the surfuce : £ the
fritted disk preferenticlly, cxeluding the benzene fron
penetrating the cupillury 'penings; wné (3) pockets -.f gaseous

pr-¢éucts culleeted on the under side Of the pglass ¢igk.
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None of these theories wss completely verified, but it was
noted that in runs with relatively hizh concentrations of
manganous nitratelless difficulty wes experienced with
clogging, and since the chief function of manganous nitrete
is to promote the destruction of oxalic acid or mercuric
oxalate the observatinn seems to give support to the idez
that clogging 18 caused by particles of nercuric oxolate.

In any adaptaticn of the extraction principl: to
large-scale operation, it would seem desirable to aveld the
use nof an inJection device, such as 2 fritted disk, huving
fine openings. 1t would be preferable to provide smme means
of varying the degree of dispersi:n at will.

(8) Oxynitretic s 1 Ng ted Disk
Extrector.- Teable X summarizes the data concerning a t.tol
of forty-six runs made in the Fritted Disk (Nc. 4) Extrcetor.

Twenty of the runs (including Run 4-32 and runs with higher

serial numbers) were mode by the "ccld boller™ proccdure -
that is, without recycling »f benzene by distillation.
Stated very briefly, it is our opinion thet the
dispersi.n of benzene int: th¢ reaction mixture in such finely
divided form as from the fritted ¢isk is not & pructiczl ~r
desirable proacedure, although surprisingly high rotes of
oxynitratign ond very satisfactory extracticn e¢fficlency can
be attained in this way. The Cifficulty is that the
oxynitrati~-n reacti:n prcoceeds in poorer yield andé with a
higher propertion »f by-pr-:cducts when the s~lution is kept
CONFIDENTIAL
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near the saturstion level with benzene than when the
steadyatete concentration of benzene is considerably below
saturation. Numersus runs by the bstch procecure. bear out
this idea.

The runs made in the Fritted Disk Extractor are,
however, of great interest cnd value in establishing the

limiting conéditions for the process.

By the use of rather high concentrzticns (11-1% i)
of nitric z2cid in the Fritted Disk Extractcor, ucintained hy
continuous fortificeti:n with 28% nitric scid, ond with con-
centrations of mercuric nitrate up to 1.0 M, rotes of
oxynitratiosn as high ss 193 g. <f DNP (or equivilent in is)
per liter of sxynitreti~n ssluticn per hour were »btzincd.
If this rate were maintainced, @ given weight »f oxynitrati n
stluticn could preduce its own welght o LNP approximately

every seven hours, o2nd in z2dc¢iticn w:uld procduce a considerable

amcunt of neutral nitr~ c.unpounds as by—pr:dugts.

EXtremély high rates of xynitrzti-n du not appeur
t> us to be practical, f-r thc £:11-win: reasons: (1) secheni-
cul difficulties couplicste the sperction ot hich rotes -
for example, turbulence causeld by ropic e%ﬁﬁ%%i?% hﬁpzugi Siﬁi;f
the difficulty ~f intr-cducing fortifying nitric wcid t:
maintain o constant unifore c:ncentroti on tiar .ugh-ut the
s~lution, anc the lick ~f suitable iecns ~f Gestroying cxalic
acid at the very rupil rotes of reozetion;  (2) hich ronctin
retes are obtiine? under recctin conliti.ns which fav-r the

uncesired resctions leucéing £ neutral nitr precucts wnc

CONFITENTLIALL




CONFICENT L

colored uateriesls of unknown structure.

A brief resume of the runs in the Fritted Disk
Extractor follows. Runs 4-2 through 4-7, inclusive, 4-10
through 4-15, inclusive, and 4-26 were preliuminary runs
to establish the godus operanci for the Fritted Disk Extractor.
The chief difference from operation in the Jjet type extractor
is the different rate of fortification necessitatecd by the
more rapid reaction ratec in the fritted disk typc.

Run 4-8 established that with 9.8 & nitriec acig,
0.24 M mercuric nitrate, andé no mangoensus nitrete, the Frittced
Disk Extractor could be cperated coantinaously for 1ifteen zna
sne-half hours before clogging f the dick »ccurred. wWith
more vigorzus reactizn conditicns and anre rapic sxynitrotiqn,
¢clogging cccurred 1're promptly. Run 4-16 showed thot minzon ue
nitrate hus a favcorable acticn in cdelaying the clogging of
the disk, z1lthough in the c¢-ncentrati.n used clogaing < uld
still occur.

Runs 4-17 2nd 4-g0 proveu thut, :z1lth uzh the

Fritted Disk Extrectir can be opersted 2t o tenperaturc as

high as 65°C., the turbulence ot the hicher teupersturc is so

grezt thot -perati-n 1s very cifficult.

Runs 4-81, 4-¢£4, cnd 4-20 were Adesignel to stuly

the effect of the rate ot thr-ughput 7 benzene “ut ware
inc.:.nclusive because the extraae imp-rtonce f o e nstant
nitric 2cid c.ncentrati-n was not {ully cpgreclated. In
lzter runs with sore careful ceid contral, 4-44, 4-45 21
4-46, the results seomed to indicate thit the throughout rate
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has 1little or no effect upon the recsults cbtzined proviced
the minimum requirements of the scluticn for reaction znd
extraction of procucts arc provided. An exception to this
statement was observed in Run 4-23 using 7.4 8 nitric zciid;
in this run the rate of oxynitratisn was so slow (buccuse of
the low concentration eof nitric zeid) that the interiedinte,
phenylmercuric nitrate, was extracte? by the banzene tnd
carrled over intc the slde flask., Extracticn f nmercurial
intermediates Zoes nnt oecur t.o an appreciihlc extent vhen
10 M or higher nitric acid is used.

Run 4-22 duplicatecd 4-12 except that » deeper
layer »f supernatant henzene remeined In the reuctor. This
mydificaticn had no apparent cffcet.

Runs 4-83, 4-85, 4£-27, wngd 4-28 shiw thce srect
influence .f nitric scid concentratiom uuon the ~versll rate
of formaticon of DNP. The reaction ruate inereases roapidly
with increcsing 2eid strengsth, especizlly in the ronge 11-1& i,
The magnituce > thz change of rate with cuncentration is o
larzc that the luportince .f mcinteining constant nitric acia

concentrsti-n cun hardly be :ver-eighasized, he reucti-n

velocity increases so rupidly obove 12 i nitric ceil thut it

is difficult to add 98% nitric acld fzst encugh t- arintuin
a constent acid strength in thaet ronge. The fornzti r of
neutral nitro preucts is greatly favored in the renege of
12-13 U nitric ucid.

Run 4-21 shzweld that in relctively strong nitric
acid with low sercuric nitrat. level the rate of © roztlon
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of nitrobenzene remains high, while the rate of forwuition of
nitrophenols is lower than with higher concentrations of
mercuric nitrate in the same strength of acid.

The use of the "cold boiler" procedure wes cloptod
in Run 4-32 and sll subsequent runs. The original ohjective
of the "cold boiler" was to determine whether 2 conzicershle
portion of the nitrobenzene is formed in the hot beilcor

flask. 1In the Fritted Disk apparatus, ¢t lecast, the conclusion

seems to be thet the nitrobenzene arises clriest ertirely in

the reactor.

Runs 4-35 througzh 4-41, inclusive, werce wade to
Ceternine what concentration of nangrnous nitrate will provent
clozzing of the fritted disk. For runs of fifteen hnurs, ¢
minimum of 0.5 K mangsnous nitrate wos required. Runs 4-42
and 4-42 were like 4-41 except that iongunous nitrate was
smitted. The disk clogged in our hours and twe hcurs,
respectively, incicating elearly thut uwngonous nitrote is
effective in delaying the clogging. The additicn of manganous
nitrate after clogging in Run 4-42 felled tc clear the Aisk,
even when the teimpersture was raised to 58°C. The ¢isk was
cuickly cleared, however, by iamersinn in éilute hydr.-chluric
acid, aon irdicstisn that user-uriec oxclite is responsihle tfor
the clnegging.

Runs 4-45, £-47, 4&~48, wnd <£-49 showed tnct the

mangonsus nitrote, in the e-ncentriti-ns used, bhas ¢ proncunced
cetalytic cetin 'n the rute of forusti-n of nitr-phor-lic
products. The mengintus solt, however, proumstud the for.otion
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of nitrobenzene to sn even greater cdegree so that less
favorable weight ratios of DNP to neutr2l procducts werc ob-
tained in the presence of uiangenous nitrate.,

In Run 4-50 a high uercuric nitrcte concentr:ition
(1.0 M) was used in conjunction with 0.54 i mangzncus nitrate
concentration end 11.2 M nitric acid. This combinution gove
the highest overull oxynitraticn rete achieved in This Loboro-

tory, 193 g. of DNP per liter of s+luticzn per hour. The

operation was camplicuted by turbulence of the s:lutlon, conld

the run had to be cdiscontinucd after twe end Lne -l 1f u ours
because 2f clugzing of the disk.
The use of a2 lower teuxperaturc (35°C.) in Run 4=51

appeared¢ ts =ffer n<c advantage.

E., Other Extraction &pparctus
(1) The No. 1 &nd Ne. £ Extrrctors.- The icen

of carryingz out the cxynitration rezeti-n in & continucus
extractisn apparatus grew out of the werk of Dr. Bzizer on
the mercursti 'n »f benzene in nitric zeid, z study which wrs
intencded t: explain the role of the wercuric nitrate catoclyst
in the cxynitrati.n pricess., Dr, Bzizer <bscrved thot
riercurati-n »f benzene :ccurs very re2Cily in nitric zeid
s~lutim - s5 reslily that if the prisary pr:cduct, phounyl-
mercuric nitrete, is n 't remcved fr.oa the s luti-n physienlly
or by chemicel reaction it will underz: further recctizn with
mercuric nitrate to form di-mercuric, tri-aercuric, ond cven
tetra-mercurie derivatives. The preparszti-cn of uznoiercurated
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benzene derivatives was later carried out successfully in a
continuous extraction apparatus, utilizing the fact that mono-
phenylmercuric nitrate is somewhat soluble in benzene whereas
polymercurials are insoluble,

During tho experiments on the mercuration of benzone
and in the course of early ettempts to prepare mercurials by
continuous oxtruction, it was discovered that the continuous
extraction principle could be successfully spplied to the oxy-
nitration reaction itself. The first extractor (roforrcd to as
No. 1) was designed for other purposes and was relatively in-

effieiecnt; it was capable of operating only at 75°C. The result.

wore sufficiently ‘promising to justify the construction of a

series of five cdditional models of oxtraction npparctus.

The advantages of a continuous process arc obviouss:
(1) the operation does not have to be interrurted for the
removal of products, an operation which muy require more tinme
and lebor than the actuasl oxynitrution itself; (2) thz ruaection
products romain in contact with the oxynitration solution tfor
e minimum of timo, henoe are loss likoly to undergo undesiruble
side reactions, such as mercuration; (3) the removal of
reaction products by continuous extraction largely sliminates
the chance that mercury catalyst will te retanined ian the
products, inasmuch as mercuric nitrate is not extrccted by
benzene. The direct filtration of solid product from the
oxynitretion solution, used in most oarlier processes, c¢vun
when followed by careful washing, elways lcaves a rosidue of

the mercuric salt in the product.
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The No. 2 Extractor, like the first model, was
capable or operation at only cne tempercture.

{2) The No, 3 Extractor.- The No. 3 Extractcr
wes a2 esmaller version cf the No. 5 Jet Extractor. The
reactor was & cylinder 8.5 cu. in dicneter by 19 cn. in
heigzht, with a capacity of 760 ml. o>f oxynitrsotion soluticon,
Four glass jets served t> intruduce the henzene. Rates of
reactisn were lower in this zpparatus than in later wuodels
hecause of the low rate >f throughput >f benzenec.

Although aany runs were #nade in the No. 3 Extracteor,
many of them with conmplete henzene and nitric acic kzlancaes,
the data are not included in this report, {:r a.st I the
results were repeated with nore elabzrzte attenti»n to
detall in the later extractsr medels. The results were
vezluable in guliding the design «nd operation <f the later

nodels.

F. Materisl Belances in Crntinucus Extract

Specific data regarding the runs in continucus
apparatus have “een discussed under the hucelngs . f cuch
of the vari-us ncdels (Sections 1-B, -C, -D). The zetheds
2f computin,; yields have heen descrited in Secti.on
I-B-(3)(c). The purpzse =f this secti.n is to summerize
scme of the catz on overall uaterial bolesnces in the
veri-us c.ntinucus extractor zpporotus,

Table XI (page 50a) summarizes cute on the Yenzene

bzlance for runs rmodo in Extractors 4, 5, and 54. Table VIT

(page 34g ) swiisrizes Malances in Extrsetor 54 v henzone,

CONZIDENTI G




o - ! “:\L

Ty
® bam mas b

E
;
E
|
5
13
;
E
;
-]
E

Tate of All Bensene Not Recovered ao Bensene

Osnt Yields of Producte |

|52

Reacting ]

on Net Bensene Reactingl
A m,l Sp.000® | DaP

| 5]

Not
Recovered
[N

Empt.
No.




CONFLTRTIAL

nitric acic¢, mercuric nitrate, =nd mangcnous nitrate.

In Table X1 the welzht of Benzene Not Recovered
represents the differcnce hetween the welight of hunzenc
added to the reactor tnd that recovered as benzence -y iLhe
nethoids previously describeld. This value includes any tenzene
lost Ly volatilization or osccident. The colurn headad
Net Benzene Reacting 1s equal to the welzht of henzenc
not recovered ainus the weizht of Ybenzene volatilized through
the concenser and estimzted “y conversion to u-DNB in the
gas absorptl:n tower. This figure is cssumcc to appr:xinate
the welght of henzene which actually enters into recction
in the reactcr; actually, this welght is sormewhat hieh feor the
rcassn already méntioned - that sume benzene 1s unocvoidatly
lost in handling. The yiclds .f oroducts in the next column
are besed upen the weight f net benzene retceting; this is
the "B-tasis" «f yield calculeti~n desceribed <n pege 88 .
The finzl tatulatlon uncer the heacéing of Fote of A1l Bgﬁzene

¢ »n the M"A-tosis" s eox-

plelinec on page  28.

The welght of tencene volatilized thr-uch the

condencer and deteriined o5 p-INB veoried in o ronge of 1.2%

tc 12.7. The welght .f tenzene which eseapes 1n thils vy

beurs now éirect relustlonshiy to thot which underg-es
wynltrutlon, and is dependent up.n the design ond te speraturc
»f the condenser 1! the v.luse “f non-c:ndensalle pasc:us
rexcti~-n procucts.
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The nost careful accounting of benzene wis nucCe

in runs in the 5a Jet Extructor, ss sumnsrized in Tehie VII
(pege 348)e ln a series of six runs the lowest percentays
of tenzene sccounted for was 82.7% and the highest 94.4%.
In spite »f the west cereful effcerts, the total of henzcene
accounted for fluctuated, a fact which is not surprising
' tho benzene

in view of the volatility/«né the cowplicated .ianipulaticns
that were required. If the lowest value is disrcgerded (s
low becausu nf accidentel loss) the average totsl perecntaze
°f benzene esccounted for was 90.9%. The henzene nct acecunted
for was undoubtedly lost in siizll coacunts during the v rkuas
of ezcch of the reaction procucts; we de not helieve that there
is any single l2rge loss or previocusly unsuspected by-pr:cuct.

Fur the entire series f runs ucde in the 53 Jct
Extractor, the cverage yleld <f DNP + P& based upcn benzenc
reecting ir the zeid s~lutin wus 72.9%; hasod upsn the benzene
n-t recsvered as such, the everage figurc wes 70.2%. Eun 5..-6
was the most sutisfact:ry, with 81% -f DNP + P4 tased upon
henzenc reacting, Sr 76.6% “zsed urcn total benzene not
recervered s benzene; this run wes 2nde in 10,7 M nitric
acid, 0.5 i mercuric nitrate, znd o> song:in us nitrote,
Run 51-14 wes unde under very neerly sivilzsr e ncitins ex-
cept thaot 0.5 M mznzan-us nitrate woes used; the vield Jf DHP +
PA was 73% Lesed uy'n benzene in the receti n aixture, or
69.1% upon totsl renzene introfuced hut not ree. vered. It
sh ul< be n-ted thot these yil? viluces are c-nservutive Lo-
ceusc they wre hooold upon welgiits °f honzene vhich inelule
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all losses in.hsndling.

Tahle VII further sumisrizes datn on nitrie scic
consgmption in the 54 Jet Extractor. In 1ost of the runs,
98-100¢ of the nitric acid wns wccounted for. Tiking Run
5A-14 as typiczl, ahcut £/3 of the totsl nitric zeid intro-
¢uced during thc ten-hour period wos still present in tie
oxynitratisn suluti p :r in wzshings, abut 20% hud “een com-
verted int: resetion procducts, about 18% hod been —velvel os
nitrogen oxides recoveratle 25 nitrie zeid, while 'nly a®% ut
2% »f the t:tal nitric seid was lost =s clcoentary nitriogen
°r non-rec-verable sxides; 1.7% -f the nitriec seid wes not

aceounted for.

- Mercury ond .nngznese were acctunted for quontl-

tatively, within the cceurszcy £ the cnalytieal aeth:ds for
their determinetion, in the ‘xynitrzti-n sclutin .r in the
rinsings froa the epparatus. Carryover of aercury catelyst
int> the evaporator flask in the henzene extractes is ap-
parently negligible under the e:ndéiticns -f :uercti n used
in the 5a& Jet Extract:or, s juolitutive tusts {:r .erecury
qafte at intervsls on the motericl in the evoporat:r flosk
were alanst alvwizys negotives The .nly rdaizining cpereti-n
whiech uight result in 1l:ss -f .ercury cutilyst is the e n-
centration of zirtiosns of withirown other ligusr ¢ sic1l
vilume by Qistilluticn, o' losscs froo thais source would
result  nly fron csrelessness in hendling. Date on

azngrncsge hulunees sre aviilaPle £ r only ~no run; it is

COLTIDENTILL




COWFIZERTIAL

natural to zssuie thoat losses of nangznese would nct e
sreatly different froa lssses of zercury. The methods of

senpling uné¢ znalysis a«dait of ouprecicble err-r, but as

nearly as can be (cternmined (t the loss of hoth

netallic snlts is szall.

G. Discus

Westhcimer25 hns stulicd@ the kincties f morcuration ~f
benzene in nitric zcid soturnted with benzenc. He has
shown that, under ths usuzl condititns ~f vroeticsl oxy-
nitraticn, the wercurnti n stey (ef. uoge 9) is tho rote-
crntr>lling "nee Since the rzte of itercuraticn is oxtresely
1w in very “ilute ritric acid ond incrcases rzpa’ly .< tie
strength T «eid inerecees, ne wull ox.=ct the vercll
rzte ~f »xwmitration t vsry sindilerly., This has been ol
served ¢xperitenttlly in the e-ntinu.us extroetore.
The zreat chunge in ~xynitrotion rote with chonge
in nitric necicé concentrati v ninges cireful cintr 'l f the
acld strength bty snalyvsis =nd ccutinucus frtifiecstion
esscntial. Early Ltatch runs were usuclly wvde with o fixe!l
rurunt of nitrie z2eid present; it is not surcrising thct
vields were usually lew, since ths resction then Lrocecde?
in econstuntly decrcasing z2cidl strensth.
Figure & shrws s.ue r the duts

the zypnrent rats ¢ nstants £.r acrcurdtin

vlitted zgoinst the o lur ¢ reentrati n - nitric ceis.
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The constants, k, are defined hy the equation

d[CGHSHgNO;;] = k [Hg”.]
at

solutions constintly kevut saturcted with Lenzene.

25

Plotted from tho data

of VWestheimer2® gt 55°

and 40°. Curvce for

48° derived Ly canleulation

- i d

10 12

Concentration of I"itric Acid in lMoles per Liter
Firurc 3

Relutionship Letwcen Iiercurction Raleo Constants
end Titric Acid Ctroength
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It 1s obLvious that if wercuration is the first
step of the oxynitration sequence, whatever the final path
ey he to nitrophensl from tine sercurial, the naximma sessi™le
>verall rate of oxynitraticn will %e cttalned if the s~lutin
is constantly saturatzd with benzene and 1f all »f the
henzene which underg-es xercuration is converted in 100%
yield tc DNP. It 1s p:ssihle on this basis to estimate the
maximal rate of oxynitreti-n under a glven set of eonditins
from mercuruti~n  kinetic Ants provided Ly Westhelwmer. Souie

intercsting ecrrelati ns s~ stbtained will be discusseé in

Section 1-G(9). Actually, . f course, the rotes .f oXvy-

nitrati: n nhserved 1n the extrector apparatus ore usuzlly

less thzn the limitins values, since the s-lutl:n is less

thon saturated with tenzene and since there are side rezcticns
which produce neutral hy-pr:ducts 2t the exuense -fF nifr:phen;ls
An 1nteresting excertion t: this stoteuent hus becn noated

(cf. puge 73).

The .oalntenance of 2 c:nstant level ~f nitric zceid
crncentraticn 1s of greatest iuortancec. Fortunantely, therc
exlsts a convenient autoaztic ciizjensating effect which
simplifies the pro:bler £ nmsintaining a csnstant neild strencth,
¥hon the fortifyinz ceicd 1s 2d8ded continususly, the rote orf
f.rtificatinn 1is frund t- deteralne eventuzlly the steady-
state nitriec 2cid coneentroti n in o ling run. Ouce the
proger fortification retc s disc vered W cxyueriuent, it

beewmes a foirly sicsle natter 80 o 1 the a2cild level coonstant.
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1, for exacple, the ucid strength rises slizhtly nouentarily,
the resulting shary increuse in the nercurotion rate ond in
turn the oxynitrztion rute begins to use up nitric celad nora
rapidly an? the zcid strength is recduced cgaine Coinverscely,
o temporery fall in the zcid strength produces a corresy nling
dcerease in overall rezction rete so  that nitric ceid is
consuned szacwhet less ropidly end the fortifiecticn is zlle
to resture the -riginal strength. This conmpensating sctisn
1s =f course ~nly effective within liwite, and it 1s essential
to estublish approxicate ztivu: ernditions by the use of
3ilot runms.

There 1s an—ther rczscn vhy the azintencrce F
a2 constznt nitric uecic¢ coneentrzticn is very iugortuint: it

was shovm Ly Westheiner that the Path A "Rearrwnge.ent

Mcchanisw" securs ss the (wjor process in concentrations O

aitric acid above zk-ut 50% by weisht (10.4 i), cs;ecinlly
when the c.onecentrutin ~f nitrogen oxides is 10w, but Lelow
50% nitric scid strength, and puarticularly when the level

>f nitregen xides is high, the P.th B "Diaz-piun iltechunlsa®
is the .redoulnating ,r-cess. The yiclis wnd quslity :f
nitrovhen~ls _r-Jduced =ra sugerivr in the Puoth A uochonls:,

(2) 1o srtonce Uf sleth wnd Rote of Bernzone

£30iti~n.~- The devel »ment -ae' successiul erctlion of the
¢ ntinu-us extrueti n spaapntus hove 2o enGel very lurocly
u:.n the esrreetness »f the fundioorntal ddea that Tunzene Is
‘nly cxXynitrotod when it s Jigs - lvel in the ~que-us nltrie
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acid scluti-n containing mercuric nitrcte caztalyst. Benzene
oresent as & separate liduid phase is nct effective in the
oxynitration process except as it helys to meintain 2 suit-
atle c-ncentrati n of ¢iss~lvel tenzene in the ucic jhase.

Westheime® has sh:wn that the solubility - f henzene

in 50% (10.4 ) nitric acic¢ at 40°C. is 6.4 Z. ner liter.

ln any actucl apraratus the c-ncentrati-n of diss—lved tut
‘unreacted henzene will vary betwcen O end the level >f
saturation. The concentrution will he the resultunt of the
rate -f S:lution and the rate of cdlsuap,.earance of tenzene to fam
reacticn procducts. _

Numerous expericents by earlier investigoters =s
well as. by other griuy,s in the RDRC end in this Lerorotory
have convincingly cea~nstrated that the oxynitr:ti n roesetion

relatively
~ gives poor yields ~f nitro henclic pr.cuct, with/hizn yiclds
»f nitrshtenzene and dark hy-.radéucts, wvhen the s~luti n is
ke, t saturateld by vig.r-us agiteti-n £ an excess <f liquid
benzene with the s-lution. Bachuwann znd sthers have shown,
s the other hand, that the yield of nitr;yhen51 and clso
its quality increusc sher.ly £s the time of déiti-n -f a
fixed weizht <f benzene is incressed, hut the yiel?d eventunlly
levels off &nd hecumes ¢ nstant 28 the tize of a2dditi-n is
increused; stated in other words, there is an .tirua rete of
acdciticn »f henzene, =nd this is fun¢ t> be related t: the
ratz £t vhich the s:luti:n is ca, tble of -xynitrating henzene

under ¢ given set - f c:niiti:ons.
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The mere presence of excess benzene is not in

itself disadvontageous excent when vigorous agitation is

used. Vignon5 wis eble to obtain high yields of nitrophenolic

naterial in unstirred runs with excess benzene, zné the
Barrett Company found thut the rate of agitation has an in-
flucnce upon the yiclds when an excess of the starting
material is present.

We huve found that the ucuner of introcuction of
the benzene is u varioble of grest imgortance in the con-

tinuous extraction yrocess. Thais is urdoubtedly due te the

fact that when such & large excess cf benzcne is used
(usually wicre then ten tiues the welght of benzene which
reccts) the rate of throughput of benzcne and the degrce of
dispersion in the sclution determine very largely the steady-
state concentration cf dissclved but unrceucted benzenc

(the rate of transformoticn of the benzene tc  intermcdictes
is the sther deteruining factor). MNo stirring is used in
the present odels =f the ecvntinucus cxtroactors other thon
that provided by the upwaerd mrvement of benzene éroplets,
the dcwnwsrd movesient of fortifying ccid, und the e-nveetin
currcnts. These secn tr he quitce adequate in sy wratus -f

the scale heracin described. On ¢ l1lnrger secile it would

pernnus be rdvantagecus to grovide souce sentle swirling nctieon
in order t. inzure sgeinst the £oriati n of poekets with ex-
cessively low or high ceid ¢ neentraticrn cpd t. freilitote

the unif ra cxtrcetion of croduects. It should be cu husized,
however, thot the stirring sh.uld n-t he 50 vi.lent zs t
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bresk up the drcplets into a very fine state of subdivision.

In practice it was found that & cluster of 22

fine glass jets gave better results than a coarse fritted

glass disk, for two reasons: the Jete éo noct clog casily
and they do not disperse the benzene too finely. The fritted
@isk - even the coarse grade - éives a shovier cof extremely
fine droplets which rise very slowly through the spluticn.
Such a conditicn facilitates the dissolving of the benzenc,
and the results appeacr tno indicate that with the fritted
disk extrector the s-olution operates very nesr the saturcticn
level. The jet extractor, on the .ther hand, breaks ug the
benzene into 2 smaller number ¢f larger droplets wnhich risc
féirly ragidly through the s>luticn. The cbserved reacticn
rates suggest that the s-luti~n is absut cne-third saturated
with benzene, and this =z rently is a very faverable level
t> preduce good yields »f nitrophennsls with relatively smzll
amcunts »of neutrel pr-cducts ané culored by-,rcducts.

In the 54 Jet Extractor, the 282 glass jots he
~internal diameters of zpproxiuately 0.8-.3mm.
throughput £ benzenc ig such that chout 3-5% of the benzene
dissclves and reacts.

In suunary it can be e.id thut the varizbles
which «ffect the stcady state concentruti:n ~f dissolved
but unreactced benzene are =s follcewms:

(1) The rate 2f injecti n -f “enzene int. the
>xynitration sclution, usuzlly ex.ressed in terms of

ml, of bhenzene per liter of oxXynitrouti:n sslution
per hour.,
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(2) The degree of dispersion of benzene in the
oxynitration solution, exsressed most conveniently
perhaps as the cverage size of the benzene droplets in
the solution.

(2) The average time of contact of the droplcts

of benzene with the reaction mixture. Naturzlly the

smaller drops rise iore slowly and remain in contact
with the solution longer. The dimensions of the

apparatus also affect the time of ccntact.
(4) The concentrztions of nitric acid, aercuric
nitrate, and mangancus nitrate which determine the rate

of mercurstion, and hence the limiting rate of oxy-
nitration, of the solution.

(5)The use of suppleacntary aetns of agit:ticn
will to some extent influcnce the auwcunt of benzene
which dissclves and reacts.

Not all of thesec veriables have been investigated
in detail. The results described should, hewever, previde
a useful gulde for the constructicn »f larger scale

equipment.

In the kinetic expression for the rate =f mercurcticn

given by Westheimers

the rote is directly roeportisnnl te
the nclar concentraticn of mercuric szlt. It would be
expected thet the overeall rate of sxynitrati-n will be
similarly dependent upun the cotalyst concentratisn. When
all other ccnditi-ns ¢re car:fully kept #s nearly constant
s posslible, this assumpticn sceams t: be truez. The in-
fluence upon the results produced by varizti-ns of the
catalyst cincentrati-n in thc ronge of 0.é t> 0.7 ¥, or
perhaps even greater, sri relstively small es eompared with
the very grest effect <f varictions of -eid strength -r of

the anner -°f addinz benzene, s thut the meinteneancc < f an
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exact concentration of catslyst is not of tremendous
inportance.

In most of the runs in the Jet Extractor, a
concentration of 0.5 M mercuric nitrate has been found to
give very good results. Doudling the cztclyst concentration
helps tc increase the oxynitration rate, btut since the
moderate rates obtained with 0.5 M concentratiosn are most
convenient from the standpoint of operaticn, the cttainument
of high reaction velocities is not an cotjective.

The thought has been expressed thot the use of
higher catalyst concentrati:ns should favor coxynitrati-sn
over the side reacti:ns leading to neutral receticn preducts.
Vic have been unable t> prove this because the offect, if any,
must he small and easily <bscured by variaticons in cther
factors.

(4) Effect of Tempersture.- The overall rute of

oxynitreti-n inercases roughly dy a factor =f 1.8 to 2 with

cach 10°C. rise in rezcticn temperzature. The reaction anpesrs

tc be gualitatively z2bout the suwe in the renge from room
temperaturc tc cbout 55-80-C. -ib.ve approxinctely 60°C.

the c:nditicns favor the nitratisn :f benzene to nitrobenzene
somewhat uore than the conversin to nitroyhencls, and the
reaction of DNP to form Pa begins to sccur 2t increasingly
inportent rztes, particularly when thc c:ncentrati-n -f
nitrsgen cxides 1s high. The temperature range of 50-60°C.
hzs been f:und to give the must sstisfactsry results in

Zcneral,
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(5) Effect of Manganous Nitrate.- The oxalic
acid which is formed as a by-product in the oxyhitraticn
process reacts slowly with nitric =cid to forz carbon
dioxide snd nitrogen oxides, but the rate of destruction in
the absence of catalysts is unable to kee, pace with the
rate of formation, with the result that evenfually cnnugh
oxalic acid accumulates to cszuse precipitation o1 the in-
soluble solid mercuric oxalszte. Precipitation occurs =t e
ccneentratisn of approximately 20 g. of oxalic acid per liter;
the mercuric oxalate tends to supersazturate the s~lution,
but precipitaticn sceurs fairly ravicdly vwaen cnce started.

The catalytic action of mangencus nitrate upon
the reaction between oxalic zecid and nitric acid is well
known.3 Menganous nitrate has been =dded to oxynitrotion
mixtures t> serve both as & ceatalyst for the >xynitration

reacticrn 2nd alsc t- husten the destruction cof the by-praductél

Bachmann®® has maede a careful study =f the kineties of the

catalyzed destructi:n of osxalic zcid. He hos shown that
the rate =1 decnmposition »f cxclie zeid incresses with
increase of both the nenginius salt znd the ~xclic acicd

concentrati-ns. At any civen rote of cxynitration, with =

o

-

given concentration of mangzncus nitrate, there is 2 definite
concentraticn of oxalie zeid for which the rate »f destructicon
is equal t: the rete «f formeti-n. The provlem is t- select
the pr-jper concentrstisn ~f moangen-us nitrate s- thot the

steady-state level of coxnlic seid will resuin sofely bolew
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the level at which precipitetion of catalyst begins. The
data of Bachmann allowed us tc seleect a suitable salt con-
eendretion with a2 mInimum of experimentation. 1t was found
that, under optimum conditions in the BA Jet Extractor,
0.5 M mangan>us nitrate is able to hold the level =f oxalic
acid concentration to approximately 12 g. per liter of
oxynitraticon solution.

There apuears t: be & cdefinite increase in the
rate of formetion of INP + PA resulting from the use ~f
0.5 M mangansus nitrate. This 1s best sh-wn in results cb-
tained in the Fritted Disk Extractor, and will be discussed
in detail in Section 1-G-(9). The rate of furmati:n of
nitrcbenzene als: appcars t> be Increased; the progorticnal

increase in the rate of formati.n of nitrobenzene seens, un-

fcrtunétely, t:: be greater than the increzse in the rate »f

formati>n of nitrophenclic materizl.

The cctelytic effect of mingan-us nitrate «n the
nitraticn «f c-nitrovhencl and p-nitropghencl in aguecus
nitric acid was noted in this Leboratory eerly in the coursc
~f the present investigatiun.27 B:-chhmann‘?8 investigated the
catalytic acti-n <f wmangunous sazlts on the nitrati-n ~f DNP
t> PA in agqueous nitrie zacid. The fact has beern repestoedly
verified that a higher pr:oyertion of PA is formed when
mangan:-us nitrate is present than when it is absent. Snie
exjeriments to illustrate this effeet arc shown in the

next secti.n dealing with the effects of nitrogen -xices.
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A comparison of data for rums made in the extractor appuratus
with and without the added wnnganese s=lts will confiru

the observations made in separate experiments with nitro-
phenols.,

If it were considered dcsirahle te ¢dapt the
continucus oxynitraticn reaction te the production cof
2,4-dinitrophensl free, or nearly free, of picric acid;
further study would neeé to be nade of catalytic mecans of
destroying oxelic acid without at the same time prewoting
the nitraticn of DNP. There are indicatizns in the

literature37 that substunces other than mengan-us nitrate 2re

cepable of promcting the destructisn of the by-pr-oduct, hut
as yet none »f these has beern studied in the cxynitratiou
nrscess. The prssibility of allowing uercuric cxalate te
precipitate frca the mixturc sc thut it can be_separated
mechenically for reccvery of cctalyst in a separate unit has
been suggested, but has not been tested exierinentally be-
czuse of the ccaplications of sperzti:n which this practice

would entail.

Westheiner hus defined the couplex equilibeic which ~btain
in a s»nluti-n 5f nitrogen oxides in =pproximntely 50% nitric
ocid in terms of an snslyticzl value f.r nitrous aciq.=d
Since must of the ~xides zf nitrugen in nitric zcld s»lution
are in equilibrium with nitr-us zeild, or arc convertible t.
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nitrous ecid upon dilution, this somewhat empirical measure
of the nitrogen oxide level has been adopted in this Lchora-
tory to follow the chcnges in nitrogen oxide concentraticn
in the Jet Extractor (54). The analytical method used by
Westheimer involves the dilution of & weasured volume of
the oxynitration soluticn with a2 large (known) volume of
water, then the deternination of the awosunt of nitrous acid
in an aliquot by diazotizing an arcmatic amine, coupling it
with a cclor-foruing sgent, and measuring the inteusity of
the resulting color in a photoclectric cclorimeter.

This procedure gives an overzil measure of the
oxide level, but does not accurately measure the concentras-
ticns of the individuel nitrsgen cxides. The present knowledge
2f the mechanism of the oxynitration prucess is n:t sufficient-
ly detalled to provide exact infrrmaticn as to which oxides
are necded in each of the steps, nor what the c¢ptimum cincen-

trations arc for each separate step. Westhelmer hes cnlcu-

1ated®® that a level o»f nitrogen oxides corresponding to an-

proximately 0.04 i nitrcus zcid should be cptimal for the
reactinn in 50% (10.4 M) nitric acid at 50°C., ~r 0.25 L
nitrous acid in 60% nitric zcid and with low mercuric concen-
traztion.

In Run 5A-19 the nitr:gen oxicde level was found
to rise promptly ti: 2 nearly constant value coulivzlent to
0.22 M nitrous acid, which is soumewhat higher than westheimer's
calculaticns wcould predict @s the wost favsrable (ef. puge  13).
This level is less, however, thzn that irn a 50% nitric cecid
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solution saturated with nitrogen oxides (0.35 i, 50% HNOgz,
50°C). We have mzde no effort to vary the nitrogen oxide
level in the 5A Jet Extractor, since the experimentsl woci-
ficautions required for such a purpose would greatly complicate
the construction and operaticn of the continuous extractors.
We have obtained éatz in batch runs and in other mecdels of
the extractor apparatus, hcwever, which indicate that both
the extrenes of very low =znd very high nitrogen oxide levels
are unsuitable for the oxynitration reacticn. ‘“then nitrogen
oxides were passed into batch oxynitrsticn rceactio-n nixtures
from an external source, the yields of DNP (and/or PL) were
invariably lower than for similer runs without cdded oxides;
the addition »>f oxides alsc promoted the formaticn of dark

red by-procucts which were very difficult to rencve from the

nitrophenslic product. Westheimer hes s‘n-.\wn25 that & high

nitregen oxide cznecentrati:n favors the nmechanisn sequence
involving an intermediate diazenium compound (Path B,
page 10); since this mcchanism is known to give poor vields
of nitrcphencls and ecnsiderable dark tyv-products, ¢ low crn-
centraticn of nitrogen oxides nnd relatively high nitric acid
cencentration are preferred beecsuse these e-nditione zre
unfavorable for the diazonium mechanism ané fav-rablec for
the altcrnative Path & mechanisa (v.s.).

The offect »f ¢liminating nitregen oxides in the
c-ntinutus extracticn apprrestus is very interesting, since
it leads t- the rrremetion of phenyluerecuric nitrate without
the ~ccurrcnee of the subsequent steps f the .xynitrotion
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sequence. Phenylmercuric derivatives were isclated from
reactiun mixtures in rather dilute nitric acid (in which the

oxynitration reacticn is very slow) early in the investi-

gations in this Labcratory.27 Westheimer later sh.wed thot

gond yields of phenylmercuric nitrate could be is-tlated
when urca is added t2 = typicel sxynitraticzn reacti-n nixture
t> destroy nitrogen oxides.

A reaction was carried oHut in the No. 3 Jet Bx-
tractor using the usual oxynitrati:sn mixture but with the
inclusion =f urea in the startinzg acid. The ;roduct ex-
tracted frow the soluti.n was not the usual uixture of
nitrcbenzene and nitrophencls, but instead cunsisted of
nearly pure phenylmercuric nitrate, vhich is simewhat s:lulle
in benzene. VWhen the ures was present the szlution reacined
practicelly c~lorlecss, and no nitrogern oxides were cvident.
The use »f the continuous extractisn principle fur the
preperatisn of vhenylmercuric nitrate in aquevus nitric acid
is, we helieve, new, znf sh:uld aff-rd ¢ cznvenient rmeth.d
for the nanufucture < f that wmercurial., The mercuratin wes
not studied in detail in the c.ontinu:tus reactors; only &
single run was nade in the N:. 3 Extractor, as fescrited helow:

The Prejerction »f Phenyl.ercuric Nitrote
by Csntinuous Extracti.n.- The stick silutln
intracduccd inty the Neoo & Jet Fxtract.r c:onisined
70 g. uf mercurlc ..xide, 41 wl. of 70% nitric acid,
5 g. of urez, ané sufficicnt 50% nitric =zcid to
nake the v.lume up t- 78C :xl. Benzene was circu-
leted through the spparatus by distillaticn, @s
srevitusly descerited; exceyt f r the inclusicn
-~ urea, the yrocedurs did n-t differ froon thaot
9f exynitrotion. The oxtractir was oHnereted ot
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55°C. for five hours. The evaporator flask was
found to contain 54.3 g. of phenylmercuric nitrate,
m.p. 129-131°, ‘then the mother liguor in the
reactor wes diluted with water and sodium chloride
was added to the soluticn, 37.2 g. of white solicd,
m.p. 225-2600, precipitated. This was considered
to consist principally cf phenylmercuric chloride
(equivalent to 4Q,.3 g. of phenylmercuric nitrate).
Unreacted henzene was recovered as carefully &s
possible. A total of 24.2 g. of benzene was un-
accounted for.

The experiment of mercuration cleczrly dencnstrates
that the catalytic function of the mercuric nitrate invclves
the formation of a rezctive phenylmercuric derivative, and
also proves the necessity for the prescnce of nitrogen cxides.
Under normal circumstances there appears ts he no difficulty
in the prcmpt formati~sn of at least the minimel eoneen-
tration of nitrogen oxides, even though 1little or n: cxide
is present in the starting mixture. The inductisn periccd
for fresh oxynitration s>lutions appesrs tv be a matter ~f
mninutes, as Jjudged@ hy the rapid dsrkening of the initially
pale s>lution, and, in the extractors, “y the prompt: beginning
of the extractiren of receti~on praduets from the soluticon.

Nitrogen coxides, »r perhaps nitrsus acid in
equilibrium with nitrugen oxides, a2lsc cid in the nitraticn
53f nitrophenzls, as, for example, in the e-nversi n .f DNP
to PA. The higher the conecentration -f nitroger oxides the
nore rapid the conversi-n of NP t: Pa c.nears to de,

In order t demnnstrate thot the nitrogen oxides
ere inv:lved in the nitrcti-n of nitr .phentls end have zn

importsnt influenee :n the rates of nitration, ¢ series ~f
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experiments wes carried out in which 30-g. samples of pure
DNP were heated at 55°C. for seven hours in 700-ml. volumes
of nitric zcid. Different concentrations of nitric acic
were used. In one group of experiments a gentle stream of
alr was drawn through the mixture while in another group

of experiments nitrogen oxides gencrated from the action of
sulfuric acid upon moist sodium nitrite were passed threugh

the reaction nixtures. The results, summsrized in Takble Xlsa

helow, clearly show that the presence of sdded oxides greatly

increases the extent »f conversion of DNP to Pa. In the case
5f the very strong nitric acid (70%, or approximatcly 15 i),
sone of the DNP was destructively oxidized with the feriantion
of nitrngen oxides internslly, and extaensive nitration cccurred
aven though no nitrcgen oxides were addced from an externcl
source.

Table X1la

Effect of Nitrogen Oxides ir Promoting Nitraticn
of Dinitr»phensl in Nitric acid

Averzge Con- Ne Nitrogen Oxides | Nitr:zen Oxices acded
centratio>n of = s

\

Per cent con-

versi-n of DNP 0.7% 1% 63% [ 20% 55% 70 5 |99+ %
to PA -

#In this experincnt intrcgen cxides were added to
the nitric 2cid which contained z eoncentratieon of
0.5 M mangan-us nitrate. 1t is clear that muingantus
nitrote promotes the nitroticon ot DNP to PAi.
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Scme of the nitration of DNP to PA which is ob-
served in the extraction process protebly occurs in the
evaporator flask curing prolongeéd heating of the DNP in hot
benzene solution containing dissolved nitrogen oxides.

7)) & t Veriables.~- Wright has
recomuended the use of small concentratiocns of alunminum
"nitrate in the oxynitration process. In batch runs we have
been unable to observe any effect due to aluninuw salts in
the concentrations reccomended by Wright. This szlt was
censequently not used in the continuocus extracticn prccess.

at 0 tractiocn of Reactisn Products.-
The successful «aperatisn of the continucus extruct:rs during
long perinds without interruptiin depends up:n the capacity
»f the excess benzene to cxtract the osrgenic reactin
products from the reaction mixture at rates equal to their
respective rates »f fermation. At the beginning -f z run,
when little or no pruvducts are prescent, the rates of ex-
traction will >f course bec very small tut will increuse ss
the weights of dissolved reaction srcducts increase., For
successful results the rates of removaloﬁf groducts must

increase until they equal the rrtes =f forustizmn; when this

steady stete 1s reached there will be & écnstant residual

level of each product disswolved in the sxynitraticn solution.
Fortunately, the factcrs which Ceteruine the
efficiency of removel =f products als~ cartielly determine

the armount of henzence wnhich dissslves and rescts. The rotes
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"of extraction have in general been found adequate under
optimum conditions of oxynitration in all of the models of
extractor apparatus.

In the 5A Jet Extractor, the efficiency of ex-
trection is quite satisfactory at the optimum rate of
formation of DNP of approximately 30-35 g. per liter of
oxynitration solution per hour. The extraction efficicncy
would still be ample for an appreciably higher rate of oxy-
nitration if this were desired. The No. 4 Fritted Disk Ex-
tractor obviously has =z greuter extraction efficiency than
the jet types, and 1s sulted for the removal cf reaction
products éven when the oxynitration rate greatly oxceeds
100 g. of DNP per liter of solution per hour.

Tc determine whether the efficiency of extrzeticn
is adequate for any ziven set of conditions, it is cnly
nece;sary to change the evaporuotor flask at regulur intervals
and work up the separate portions to dotermine whether the
rates ~f extraction are constant and equal tc the rotes of
formation ef products. This was c¢one in Run 54-12, and
the data of Table I11 (page 83 ) show how the removal of
products kept pace with the reaction rates.

Flgure 4 shows graphically the relationship between
the formation and extractiosn of eny singlce reezcticn wroduct.

The s21id curves g, b, tnd ¢ represent the plets of total

weight of product formed (vertical oxis) against total time
of reactiun (horizontal 2xis). The slepe of the curve ot
any time, t, gives the rate of formetion of the preduct ot
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that time. The cdotted curves show the total weight of
product extracted plotted ageinst time, and the slope of the
dotted curves at any pcint indicates the rate of extraction
of the product at that time. The vertical distance bdetween
eny pair of curves at any given time represents the weight of
the product remaining in sclution in the reactor at that time.
Curves g represent the situation in which a moderate rate

of formation of product prevails, and the extraction ef-
ficiency is high., Here the inducticn periocd is short, and
the residual concentraticn of unextracted urcduct is small.
Curves b rcpresent the situation in which there is a rgther
rapid rate of formation with fair extracticon efficiency. In'
this case the rate of extraction «f preduct eventually he-
comes egual tc the rate of formation, but the residual con-
centraticn of unextracted procduct is fzirly great. Curves ¢
reosresent the situation in which the rate of formation of
product 1s greater thin the capacity »f the apparatus to

remove the product; the result is that the rate of extraction

never catches upy with the’fate of feruation, and eventually

this situzticn must lead t. the seperaticon ¢f the unextracted

reacticn product as a separcte s71lid cr liquid jhase.

W Theo .~ As expleined in Sectisn I-A-(1)
(page . 8 ), the first step of the sxynitrati.n secucnce is
the mercurati-n >f Yenzene, 2nd under the conditions used

in the present proactiesl rocesses it is the rate e'ntr lling
step. On the basis f seversl simple essunticns it is
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possible to estimate from the kinetic data of Westheimer

the maximum rates of overall oxynitration for a given

acid concentration, temperature, and mercuric nitrate
concentration. .The expression for the mercuration of benzene

as given by Westheimer is

a [ cgHsHgNOZ ) -
L6585 3 = K [:Hg ] ,
dt
for solutions of nitric acic saturated with benzene.
In the expression above, [ CgHsHgNOz ] and. [Heg**]) are the

concentrations of interiicdiate and of mercuric ion in terns

of molarity, and k is the velocity constant in min.'1 Sene

of the data of Westheimer are plcttcd in Figure 3 (page  55)

to> show the magnitude of the influence of nitric acid con-
centration on rate of mercuration. The sssumptions invelved

in the calculati-n of maximum oxynitrati.n rates are es follows:

(1) The acid@ is kept saturated with
unrcacted benzene.

(2) Side reacticns to form neutrel nitro
procucts can be neglected.

(3) All the benzene which is aercurated
is eventually converted to DNP in 100% vield.

{(4) when 2 stecady state is reached in the
continuous reuctors, the rate of fcoraaticn of
DNP in nmoles per liter per hour will he equal
to the rate of formation of phenyluercuric
intermediate.
In meking the calculatiosns of the thesretical
raXlmunm oxynitration rates, the finzl vilues for the rates

of DNP formati-n in moles ner liter per ninute arc eonverted
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by the appropriate factor to units of grams of DNP per liter
of oxynitration solution per hour. Table XII shows the
comparison of calculated rates of oxynitration with observed
rates of formation of DNP in Extractors 4, 5, and 5A, 1in
solutions containing only nitric acid, mercuric nitrate, and
benzene as starting matérials.

Comparison of Obsggsig ﬁig Calculated Rates

of Formztion of DNP in Continuous Extractors
in the Absence of Manganous Nitrate

Molarity Rates of DNP| Rotio of
Run No. |Temp.

o HNO IT Formation Obs./Caled.
C. 3 He Obs. Cealcd. Rates

45° 12.4
45° 12.9
45° 12.0

40° 12.9
55¢ 10.5
. 40° 12.8
40° 12.7

55° 10.6
552 10.7
55° 10.5
550 10.5
459 12.1
459 12.1

- 70
120 150
137 170

29 95
21 74
38 125
38 165

oguuunn ottt outd
WRAVW OO

27 80
27 85
4 75
27 75
33 105
34 105

000000 HOOO HOO

[ ] L] [ ] [ ] L] [ ]

OO0000 0000 OO

00000 O000 OO0OH
L]

AN O O3 A X

VHHOGHDAE CONO0

It should he recongnized that the calculsted

rates ere only approximate because of the number of as-

sunptions which are nade in arriving ot the values. Further-
riore,the comparison nay not te strictly cccurcte bhecsuse of
unav~idable veriztions in the acid strensth during a run
'hich would appreciadbly influcnce the average reactlon rote

r
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for the whole run. In spite of these uncerteainties, the
ratios of observed to ctlculcted oxynitration rates rensin
surprisingly constant for each different type of reszctor.
The rates observed in the Fritted Lisk Extractor (No. 4)
approach the theoretical limit rather clesely, suggesting
that the solution ir the Fritted Disk Extractor is kept
nearly saturcted with benzene 2t all tiues, es previously
suspected.

The Jet Extractors show reazction rates of roughly
one-third the limiting velue, and this mey be 2cesunted for
by the assunption thct the sclutions in the jet extractors
are'much below the saturation level of henzenc.

Surprising ond interesting results sre cbtalned
by similer calculations for runs ncde with oxynitraticn
sclutiocns containing mengan~us nitrate. Some of these datu

[

are summarized 1ln Tahle XI1I.

Tohle X111
Crmparison of Obcerved and Czlculated Rotes
of Fcrmaticn of DNP in Centinuous Extrcetors
in the Precsence of Mongencus litrate

Run No.

llolarity Rates of DNP|Ratin of
Tgmp.

5
+
-+

Forrzticn - {Ohs./Caled.

¥
HNO H _
5 g Obs. Czlced. Rates

5

. 4-47 459
4-46 457
4-45 45
4-44  45°
4-50  45C
4-48  45°

65 53
7% 8
70 45
73 5 -
193 105
890 40
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In all runs made in the Fritted Disk Extractot
(No. 4) the observed rstes were consistently higher than
the calculated values by factors ranging froa 1.2 up to 2.0.
In Runs 5A-12 and S5A-14 the ratios of observed to calculated

rates are less than unity, tut are higher than for similar

runs in the same apparatus in the absence of manganese.

The low value in Run 5A4-17 is ezsily cxplained by consulting
thé dats for that run; under the Unfavorable conditions

used in thzt run a large nportion of the benzene which uncder-
went resction formed nitrobenze¢ne, so that the observed '

rate of nitrcphenol formation was correspondingly lower

than it might have been.

The data are not sufficiently accurate to Justify
any enphasis of the importance of these data. It seems
\definite, however, that wmangaenocus nitrate has 2n eppreciable
influence upon the rate of formation cf DNP, und that in the

Fritted Disk Extractor, which opcrates near the saturaticn

level of beﬁzene, the observed rates are greater than pre-

dicted from mebcuration studies made in the abhsence of
nanganous nitrate. The explanaticn for this cbservaticn is
n>t imnediately obvious. The ucnganzus salt muy catalyze
the mercuration step, cr increase the rete of s.lutizn or

s~lubility of benzene in the reactisn mixture, or perhaps

it influences the eguilibria =f nitric zcicd snd nitrogen
cxides in such & way as t> prowuwote the wverall reccticn or
affects the anaolyses for nitric zcid upon which the colculited
rates arc based,
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The use of the kinetic data iz 2lso of indirect
value in affording a mesns of predicting roughly the rates
which may be eschieved under combinsticns of ccnditions which

have not heen studied in actual oxynitration runs.

H. Proposed Methods of Seperating Reaction Procucts
The investigation of the continuoug extraction

procecess in laboratory mecdels has been carried cut with the
primary objective of obtaining data as sccurate &s possible
on the ylelds of products formed ir the rezetor. To 4o this,
very elaborste preczuticns heve been taken tc isoslate the
products as nearly quasntitatively &s pcssible and te cnilyze
mixtures for the individual ccmponcnts. The separztion of
DNP + PA from neutral products was made by the use of aque-uc
s2lutisns of triethan:leamine (TEA% which forms woter-s<luble
salts with nitrophenols (2 method suggestcd by G. F. Wright).

It was realized that the meth:ds suitable for the laborat:ry

investigation would not be suitable for large-scale producticn,
and that sooner or later an investizatiosn ~f metheds for thoe
separation of the reaction wmixtures wuould need to be under-
taken if the continuous extrazctisn proicess were t- be de~’
veloped to pilot plant scale.

We have considerced a number of pussible separsticn
nmethods and have carried osut scie preliacinary experimontal
work al-ng this line. The invesfig&ti n was terainated,
however, before sny final jrocedure had been developed, hence
this portion of the werk is still inc:mylcte.. Bef'sre this
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phase of the problem ccn be completed it will be necessary
to select a definite objective for the products to te
produced, since that decision will to a great extent de-
termine thc method of separation used.

For example, it would be possible te adejst the

process to yield e mixture of DNP + PA, or pure PA, cr

perhaps to nroduce practically purc DﬂP. 'The production
DNP woulcd, however, require further study of methods for

destruction of oxalic acid.

The products produced during o five-hour interval
of Run DA-12 werc as follows:

225 g. DNP
167 g. PA
g. NB
g. »-DNB
g. ¢-DNB
g. Unldentificd ,;rcducts, lncluding
TNDA (tetrenitrodighenylamine),
excess henzene, andé diss:lved
nitrogen cxides.

In preliminery experiments on mothods of separation suitable

for large scule operaticn, mixtures cf pure cowpounds ap-

proximating the composition given c¢hove for an actual
reacticn mixture were nade upy and were scparated by the

nrocedures described below.

Finel Prcduct.- The snluticn of rescti-n products ond
nitrogen cxides dissclved in benzene is waraed gently to
czuse the distillaticn of most of the oxides together with
a little benéene. If the heating is donc carefully, very

little nitratisn of DNP cr other moterizl cecurs.
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Lfter the buik of the nitrozen oxides has becn
distilled, the mixture of benzene 2nd reaction products is
stirred vigorously for ten minutes with 2 quentity of hot
5% sodium hydroxide solution equivalent to the nitrophenolic
material present; this trecstment is carried out under reflux
with the benzene boiling. The leyers are then separasted,
the alkaline layer retaining the nitrophenols as saltsy whiie
the benzene solution holds the neutral products. Acicifi-
cation of the aqueosus layer precipitatesra mnixture of solid
DNP + PA, which is filtered after the solution has becen cocled.
The mixture of DNP + PA can be nitrated in zluoust guantitative
yield tc PA by treatment with concentrated sulfuric =zcid
and 98% nitric acid (procedure of Bachuann®8).

The benzene is removed by fracticnal distillctinn

from the neutral fraction, end nitrobenzenc is enllected at

a higher temperature. A high-hoiling residue which sclilifies

upon ccoling contains polynitrs coupounds and THDA. The
p-dinitrobenzene, o-dinitrobenzene, and TNDA which lurgely
coapcese this residual fraction can be converted into nitro-
phencls by an alkaline treatment dcseribed below, or direct
separation of the pure cnupunents can be mede by fracti-onal
crystallization.

In the separeticn »f phen.lic froa neutral jroducts,
the use of sodium hydrsxide soluti'n stronger than €% is
nct recommended because of the tendeney for the scdium
nitropherolute salts to he "salted sut! of such soluti-ns.
It is advisable t- restrict the amwunt -t 21kali used in
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the separation to the theoretical awount or slightly less,
since TNDA (2,4,2',4'-tetranitrodiphenylamine) and perhaps
other minor by-products are very weakly acidic and will
dissolve in 2zn excess of strong base. If an excess of strong
base is not used, these highly colored by-products remain

in the neutrzl fraction where they ceuse less troutle in

the separation of pure nitrophenols.

The sbluticn of reaction prcducts ané nitrogen oxides in

benzene, a2s isoleted from the evaporater flask of an ex-

tractor apparatus, is steam distilled with & rupid current

of steam to remcve benzene and nitrogen cxides. Distillation

is discontinued as so.n as there is vvidence of the presence

cf DNP in th§ distillate. The remaining residue is heated

in a bath at 120~130°C. until nc further distillation occurs.
The residunl cake »f DNP-PA crntéining neutral

products is Qarmed with sufficient coneentroted sulfuric

acid ts ccuse conplete sslution at 756°C. The s-lution is

then conled t» 25°C. and nitrated to PA by &dditi-n of 98%

nitric acid acesrding to the procedure of Bachr.r.;nn.:“'8 The

PA contains some neutral by-procucts, snd nmelts at 115-117°C,
Ten parts »f tho crude Ph is vig.rcusly stirred

with 100 parts of benzene while concentrated aguecus ami nia

(6.7 parts) is added slowly during the cuurse of ten :iinutes.

Stirring is continuced for ¢ few minutes lenger, after which

the s211d amsm-sniua picrate is filtered and vashed with water

(twz portions -f 10 purts each).
CORFIDENTIAL
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In luborztory experiments the recovery of dried
product ip the first crop represented 97.5%6 of the nitrcphenol
originally.present. Analysis of the awnorium plcrate for
armoniacel nitrozen gave 5.63% (Ordnance specificatien,

5.64% winivam) and tests showed 0.06% insoluble wstter
(Ordnance speelfication, no wmsre thun 0.£%). No investigaticn
wes made to deteruine whether the benzene fiitretes could: be
re-used directly for the preeiuitaticn of other batches of

prsduct.

exgeriments were carried cut with the plan of pessing the
benzene extructs directly fron the cxynltraticon reactar
countercurrently through ¢ ceoluan of squecus alkall (perhaus
through » unit siailar in design t@ the reactor itscelf) s
as to remove the seldie nitrophenols wiile ullawing the
neutral products to pass through with thie benzene. Tinme

not perait a2 careful test of this uicthod.

The muin drawback t~ such 2 seporstion is that
considerable quantity of rnitrogen oxides is extracted frow
the ouxynitration s~lutl:mn by the benzene. Norizlly the
oxides redistil back int: the rescter zné hence ore not
lost frowm the systew. 1f the benzone extructs aroe

Lasserd

directly into an alkaline extractir, ¢ lirge @eunt o f elkaiil

woul@ be required t. reutralize the ritr gen oxides, anc
the consuntitn ~f nitric zeid would be curresponiingly in-
ereused. I a simple aesns <f sepurcting the nitrogen - xides
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first end returning the: to the reactor could be found,
this difficulty would disappear.

The choice of an alkaline a2gent for the extracting
solution would not be simple; socdium and pofassium hydroxide
are not very suitable because of the low solubility of their
picrate salts. Triethunolemine would probably be suitable
for laboratory use, but its covst would be high ¢n large sczle.

cssibility o .Prod c Pure DNP.-
The preéent investiguticn »f the ocxynitraticn reactlon was
undertsken under a directive specificelly concerne¢ with
means ¢f procducing picric acid. Nc special consideraticn
was given therefore to the possibility ~f adspting the finzl
procedure »f the extrsction grocess to yield DNP free, or
nearly frec, of Pi. Under scme reaction conéiticns, it was
determined that the predcminant product in the nitrophennalic
fracticn is DNP. This is particularly true in ccla-b:iler
runs (benzene nut recycled by distillution) in nitric acid
of m:xderate strength (10.5-11 M) contuining nc mongan-us
nitratc.

In most runs in the extrecetors some nitration of
DNP t~ PA occurred, the extent »f nitr=ati.n depending ujon
a mamber of factors some »f which were not ezsily contr.ollable.
If there were interest in a meth.d <f prcducing DNP, we

beliave that the resultes are pr-omising enrugh tc warront a

thorough study of methods of suppressing the nitrztion of

DNP tu PA with-ut unduly inhibiting the :xynitration recction

or ccmulicating the ~uerating procedurc.
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The results indicate that the product of oxynitratlon
under optimal conditions is almost exclusively DNP. Althcugh
mononitrophenols are assumed to be intermediates they are
nnot isolated under the cenditicns of the extractisn process
herein described. The subseyuent formzticn of PA 1s due
to the prolonged cuntact of DNP with nitric aecid -r nitr~gen
oxides, especially in the presence of mangancus nitrate.
Nitration may als» occur in benzere s:lution. The criticeal
factors which seenn to deteriine the extent of nitration
to PA are the ccneentraticn of nitrogen coxides, the concen-
tration of asngancus salt, the teapereture, and the timo of
contect of the DNP with the nitrating sclution or with the
hot benzene s-lutisns containing oxicdes of nitregen. We
have been @ble to estoblish thut fhe use of 98% nitric zeid
for fortification is not & contributing fact»r in the

nitration of sone «f the DNP tc Pa.

1. Byv-Pr~duct Investigations

The products of the oxynitrati:n reacti:n in the
extractors were sencrated into three mzin ecategorices for
the purpnse of Ceternmining yiclds. These azin groups were

the nitrcphensls (DNP + PA), nitrobenzene (distilled at £07-

215°C. at atmsspheric pressurc), anc @ fraction czlled "CB,"

which comprised the residue remalning sfter distillati-n of

ritr-benzene.

Illustrative of & typicazl run zre the weights o F

products for Run 54-12 in which the 5A Jet Extroct-r vas
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kept in contiruous operation for sixty-five hours. A totel
of 5262 g. of DNP + PA was isclated, 314 g. of distilled
nitrobenzene, and 194 g. of "DNB."
1) Lpalysis the Mixture of High-Boiliyn
Neutral Nitro Products.- The high-boiling freetinn
designated us "DNB" is of interest becuusc it corresgonds
to nearly 3% of the weight of benzene consunmed in the rocctiom.
By a c.umbinati-n of methcds, including fractiovnzl
distillati-n, fractim:l erystsliization, diftferentizl
salubility, and chemicsal reacti-ns, the high-boiling "DNBY
fracti.n was estimated to c-ntain approxiamately the £.1l:wing
components:
38% Nitrcbenzene
31% p-Dinitr:benzene
5% o-Dinitr-benzene
2,4,2',4'-Tectrenitradiphenylaaine
(TNEA)
The values are approxinete, sipec the cethods 5 soparvetion

all.w of ewnsiderabls errur. - The results agrec foirly

v:ell with the results -btzined by Bc-.c:h:rw.nni‘j‘G f-r cpalsgous

‘mixtures obtoined in bztch cxynitratiorn runs.
an exaninati-n ot the 3l4-g. froetion of distilled
nitrabenzene showed thut it contained smcll o unts of
p=DNB und 6-DNB (o wminimuw of 1.5% znd 0.0%w, respectively).
By rmethods described in the I .1luwing scetion,
it would be pessible to convert the DNE 1s.iers to wonsnitro-
phen?ls ¢nd the THDA t. 2,4-dinitr- . huncl.

(g) Cinversin of ¢-DHNB, u-DiB, wnd THDa to Mitr.-

shenzls by Hydrolysis.- [-DEE snd 2-DEDB cin be hydrlvzed
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to p- 2né o-nitrophenol, respectively, and TNDA cun be
hydrolyzed to 2,4-DNP by the sction of hot ¢ilute zqueous
alkali.®®

The chenical reactions involved are shown in the

following equations:

e 2 Dathas
0 04 Na + V& i &
* (NaO VOO :

Maepe f.;‘.l-u

m.p. 194-6°

O, NO,,
N02 —— O—ON& + azo + azoxy derivuitives

0g Nog NOg |
N‘ON N=OH 0,‘1\001\16 + unidentified
; products

The conversion of p-dinitrobenzens to scdiun

p-nitrophenclate tukes place in 95% yicld when just slizhtly
more thun the theoretical szacunt of boiling 2% sodiun
hydroxide sclution is used. The use of nmore cuncentrated
alkall or a large excess of ©lkall above the reguired two
moles per mole nf DNB lezds to the formatim of. the red azc
end azcxy by-products shown 2bove. Throe hours! treatacent
with the holiling zlkeli is sufficient foar coglete eonversicon

2f the nitrs compound to the fincl products,
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The hydrolysis of o-DNB is not &s smooth as that
of the p-isomer. A maximun yileld of 65% of o-nitrophenol

(or a derivative) was isolated from the action of 5% alkali

(3.7 moles) on o-DNB for three heours at reflux temperaturc.

The action of 10 mcles of boiling 5% sodium
hydroxide solution upcn one nmole of tetranitrodiphenylarxine
gave a hydrolysis mixture frconm which, by acidification, steam
distillation, sné filtraticn cf the chilled distillate, &2
24% yield of 2,4-dinitrophenol wes shtuined. lIn ancther
experiment with 7.5 mrles of 2% sodium hyéroxice the yicld
cof 2,4-dinitrophensl was 43%.

Most of the experiments with the hydrclysis
reactli:ns described above were carried -ut in smell sezle,
ant the nitrophenolic praoducts were isclated, identified,
and weighed as the bromo Jderivatives.

The results showed that the 2% clkuli gave the
lowest ylelds of azo and azoxy c-mpiunds with the dinitro-
benzenes. An attempt was nade to use exactly zne :islecular
equivalent of 2% sodium hydrcexide in the hycrolysis of p-DNB
instead of the required two wmoles; only ¢ 587 yield ~f
p-nitrophensl was obteéined zré necrly hzlf of the starting
material was recovered unchanged, indicsting thut = slignt
excess of alkali is regquired for the ccurrcnce of the cleav-
age; the excess sh:ould ke s small nessible t- avoaid the
side reactions leading tc uzo ané azoxy derivatives,

The experiments were not continued to deterinine

the yiclds of hydr:lysis products on lorge cesle runs,
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Since the p- znd o-dinitrobenzenes arc rather difficult to
prepare by straightforward methods, they would probably’

have a higher value as such then &g nitroghenols.

I1. OXYNITRATION OF BENZENE IN BATCH RUNS
A, Discussicn

Luring the ecrly part of the present investization,
a very large nuasber of batch oxynitration runs were made to
determine which variables are criticel and spproxiuntely the
optimunm conditinne for high vields of cinitrophenol cr pleric
acid and low yields »f neutral nitro compounds. Other b=
Jectives were to finé, if passible, concditions which would
matericlly reduce the percentage of bznzene destructively
~vxidized and the amount of highly cclcered mincr by-prducts.

In spite of the variety of c¢onditi:ns repcrted in
previsus investizatiosns befosre 1936, it was difficult to
evaluate the ingosrtance of the different variables becausce
of the incoupletencss »f the reported dstez and the lack of
interpretive éiscussions.

Nu effort will be made to present wll of the
experiviental data »>f the muny bateh runs; instead, the

lzmportant conclusicns vhich wer: drawn froz them will be

given, with illustretive datz »n the final bztch runs which

were nade. Work <n the batch process was disc:ntinued in
faver »f the continuous extraction jrocess. Becsuse nf the
riore nesrly steady-state conditions which prevail in the
eontinusus extrzeticn yroecess, that nodifienti-n affords o
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better insight into the effects of the variables than the
baztch process in which constantly changing conditions are
inevitable. Detalled reports of the entire investigation
can be found in the Interim Reports of Division 8.27

(1) Procedure in Batch Runs.- Most butch runs
followed a fairly stancdardized procecure. 4 solution of
nitric acid, usually in the neighborhoo¢ »f 50% concentration
by weight (equivalent to 10.4 i), was nade up with unywhere
from 0.2 mole %2 0.5 mole per liter of nmercuric nitrate.
The possible catalytic ~r promoter etfects of other sub-
‘stances were also tested. Benzene was wdded to the vigorcus-
ly stirred nmixture either in z single portion, cr in smaller
portions at spaced intervals, »r continucusly frow a dropplng
funnel; with dropwise addition the benzene was introduced

either belnw the surface or upcn the surface of the solutiun.

The whole recction aixture was warxed ot the desired
temperature, usually in the ranze o 40-60“C. 1In carly runs
no effert was awade to fertify the so2luticn with nitric acic
furing a run, but as the lmportance of constant nitrie acic
strength became more evident during the early runs, the
prectice of interamittent énd later cuntinuocus fortification
was developed. The use of 98% nitric weif wus sh~wn t: be
the nust satisfactory becuuse of the relstively small in-
crease in the volude »f the reaction aixturc resulting fron

1ts use.

(2) Nitric icid C-ncentrctisn.- &£s in thc cen-

tinuous extraction pr.oecces, best results were obteinced in
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concentretions of nitric cecid of ot leccst 504 (10.4 d).

The rate of oxynitration increcses rapicdly 2s the acid con-
centrztion increases, but the range of 50-55% strength
unpears to cumbine adequate reactien rates with optiaun
ccnvenience »f sperctlon and favorable ratics of nitro-
phenalic to ather rcaction ,roiucts.  sbove 604 nitric acid
(12.0 M) thc rate f ~xynitration is very rapic, and the
formati~n »f nitrobenzene is favored usrc than in 50-55% acid.

Results are very .:uch asre favoroble vhen provision is nade

t:> ma2intein ¢ cunstant, or approxiinstely cinstant, acild cen-

centraticn by fortificntiun.

doce of Adéiti:m c-f Benzene.- The feefing of
benzene t2 the reacti-n nixture is a foetor of great
importance in cetermining the relotive yieléds ~f nitro-
shentls as cxmpsred with neutrcl wraocucts ond oxidaticn
pre€ucts. Agitation of 2 lirge excess .f liquid benzenc
with the sslutisn is the worst possible e.ncition [or hizh
yielés of Hure nitr:ghencls. Very slow dr.pwise cdacitin - f
benzenc belosw the surface 2f the recacti-n mixture is the hést.
For & given set of reactizn conditi-ns (acid strengsth,

.‘

L SEh IS
T oy

sercuric nitrate concentration, tenpersture, rate of
tation, ete.) therc is zn cptinun rate =t which benzene sh.uld
be zlded; within certain limits it c¢oos not seen to wilic o
greot deel of fiffercnce whether tho 2aditi n is eontimm us

and dr-pwlise .r whether it is in s»cll interuittent o .rii-ns.
The -ptimaa rate - f ¢dditl:n .f benzene is rmost ensily de-

ternmined by excerinent, @lthough kiretic dots on rotes ~f

Py
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mercuratisn detersincd by Westheimer provide a guicde te the
selection of approximotely correct conditions (see pages 9,

54 ff.).

Bachmann27 was the first tc point ut thet dre;-

wise addition of benzene below the surface of the reacticn
nixture gives the best yields of nitrayhenols. The inoortance
of the rate of intrcducticn of benzene was shown uls> in

experiments at the University of Pennsylvaniz which invelved
the introducti-n of 2 single fixed ycrti-n =f benzene at the
beginning of ecach run f & series in which increcsing veoluxmes
of reaétion szluti-n were used. There was & shary increacse
in the yicld of nitr: hencls znd ccrrespending decrease in
the yicléd »f nitrobenzene when the retic =f the weight of
axynitration solution to the welght »f benzene incressad.

An eventuzl limit to the yicld =f nitr: hentl seewed t: be
reached when the wmclar roti: was of the wréer of 30-45 t> 1.

It was shown that the yrescnec f an excess of
liquid benzene did n:t necesserily lescd to o l.ow yicld of
nitrophenalice preduct if the excess was not vizlently agi-
tated or :therwise finely dispersed thr-ugh the reucticn
mixture. This fact is utilized in the continutus extructi-n
process discussed in Section 1.

(4) Mercurie Nitrate Concentratisp.- Uncer the
conditions found to be wmist fovoreble i'sr thc bateh ~xynitrsticn,
the ccnecentrati»n of coetalyst wes not critieal. Conccontratisns
between 0.2 and 0.5 M were founé t> give guslitatively sinilar
results. Evidence obtained mostly in the continucus extracti-n

tprarztus hed indicated that, when other facters sre c-nstont,
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the rate of formaticn of nitrophencls is roughly proportionz:l
to the concentraticn of catulyst, and thet the oxynitration
is favored slightly over side reactions as the nmercuric salt
concentration 1s increased.

(5) Temperature.- With 50% nitriec acic the
nptimun temperature was found to be in the range 50-557C.

(6) Time of Reaction.- The rote of cxynitrati-n
1s so greatly dependent upon the varisus reaction conditi-ns
that the time for complete reactlen must be determined for
each set of co-snditions. Frow results obhtained in eontinu~us

extractors, however, it can be stzted thut in 50% (10.4 i)

nitric acid, 0.5 M mercuric nitrate, at 55°C., benzenc reacts

at an sptimun rate of apprexinately 0,06-0.1 mole per liter
solution

oxynitratinn/per hour. As the acid strength, the teupercture,

or the catalyst ccncentration incrcuases, the potentlal rate

of consunption of benzene increases.

Aluminum nitrate in concentrztions recormended by previous
workers ¢id not appear to have any significant effect in
csur batch experiments. bManganous nitrate in the luw con-
centrations previously used likewise seemed to hove little
if any appreciable effect, but fairly high concentratiins,
of the order of 0.5 & <r highcr, seem t: catalyze b~th the
oxynitratin resction and the furiaation ~f nitrobenzene, as
_well as the nitraticn of dinitroihenzl to picric acid.
Experinents showed
that 1t is possible tec reowsve the tulk of the dinitrophencl
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(and picric zecid) ot the end of & hatch run by chilling

the mixture and filtering directly. ©Some nitrobznzene nay
separate along with the solid, particularly if the solution
has been uscd previously for <ther runs, an¢ this necessi-
tates a2 purificetion preocedurce for the crucde procuct. The
filtered oxynitrution scluti-n can be restored to its .roper
ecid and crtilyst strength by fortification with 984 nitric
acid ané mercuric nitrate, zn¢ con then be used cgrin to
complete another cyele of reactin by the addition of fresh

Lortions f benzene. Therc is & small expunsion »f reéactimn

voluinte during each cycle »f reacti n resultins from the
L

formation ~f water in the rezctisn end the s2all zaunt of
water intr~duced with the reagents. Aafter soversl cyeles
the zrrunt of nitrobenzene retained in the filtratc bectzes

essentially constent.

B,

The experlence f many pravicus runs is included
in and illustrated by sceven series of bztch “xynitrati-n
runs made with re-use of the filtered im:ther liguors. The
first three serics, 4,B,C, were made with . wr-ccdure which
inv:lved the <déiti:n - thc benzene within the first fifteen
:r twenty minutes >f each reacti:n cyele; the incdivicu.l
series differel unly in the pr-portion of benzene t: zeid
in each cyele ané¢ in the sczle ~f the exyeriments. Balences
were cetoermined for sicrcury onad partizl  balances 1°.r nitric

aciqa,
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Four subseuent series, D,E,F, and G, utilized

. . . e 8
the uore efficient dropwise zddition of bonzene (ef. Bachmonn ),

and were also designed to test the cffects of anganous nitrate
and aluminum nitrate in the batch runs.

(1) _Apparstus.~ In each series a thrce-
necked, rounf-tottomed flask zi, ropriatc tc the volume
of reacticn nmixture was used. 1t was equipyed with
60-cm. bulb condenser, mechanical j2ddle stirrer, ond
Y-tube which served for the intruducticn of benzene
to the mixture and alsv for the inserti-m of 2 therricacter
inte the oxynitratinn sclution. The mechanical stirrcer
was made gas-tight by o grajhite pscking in on alunminua
housing. The relatively simall velume of fumes wae led
into the hcod or into a water zbscorntion tray.

{8) Prucedur¢.- The compositisns of the
reaction mixtures are shown in Table X1V for Series 4,
B, and C, and in Table XVII1I for feries D, E, F, o2nd G.
The reactisn was heated to 55°C. and the welghed .crti-on
of benzene (&s indicated in the tables) was 2éded from
a dropping funnel during the first fiftceen =r twenty
minutes of the run for Series A, B, an?® C, and over
lnger perizds as indicated in the subsequent series.
In the first three series the time of reacti~-n was threec
hours; in subsequent series the time varied from three
to elght hours, as indicated. The wixture rapidly
assumed a deep reddish-brown cclor. After the reactinn
period, the mixture was chilledé =zt 0-5%C, f-r several I
hours to cause separati.n of the bulk .f the 2,4~-dipnitro-
phenol; the su1id was filtered :n o rritted glass Buchner
funnel and washed with ccld 50% nitric zcid to reunve
2s much as possihle of adnering nitrobdenzene, then washed
with ice water. Weshings were not coibined with the
main veclume of reaction mixture hut were worked up
separately f:r nitrobhenzene cnd anslyzed for nitric acie
and mercury. In the first rurn or tw. of 2 serics, the
filtered procuct consisted of <lucst purc DNP with a
light tan c»nlor, melting at 109-113¢ ur better. In
later runs nitrobenzcéne was always rotained in the s-lic
even after the wash with 50% nitrie acid.

The wmixture 24 DNP and nitr-bonzene was
separated as foll:ws: The solid was treated with o slight
cxcess of 5% sadium hydroxide soluti-n cnd steaw ¢istilled
tc reinove nitr-benzene. aciciticution of the resicual
svlution vrecipitated feirly gure DNF. 4 small zrcunt
nf pleric zcid formed in the rezetisn under the concitisns
>f these exyperiucnts remeincd for the west pert in the
nother liquors in early runs of & series. &5 the sicric
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acid built up in the mother liquors it eventually hregan
separating with the DNP in later runs, resulting 1n.
somewhat lowered melting ;oints of the =zlkali-purificd
procucts.

After the filtration of the¢ chilled reaction !
wixture following ezch reaction cycle, the voluie of
the filtrate was measured 2nd an cnelysis made for nitric
acid. The required volume »f 98% nitric acid tc rcstorc
the desired acid concentration was adde¢ 2nd @ new
reacticn cycle was startec.

The last uocther liguer »f cach series hud
to be worked up for the residuel rerction procducts still
retained in ssluticn. In Series a the final nicther
liguor wzs thorouzhly extracted with benzene, the
nitrophenuwlic products were rem:ved from the benzene
solution with alkali, and the nitr.henzene was cbtained
after remuval of the hunzene by distillatizn. The
resicdue remaining fr-a the distillati-n of the nitro-
benzene was a crude mixture »f dinitrcbenzenes in which
the para isomer predominated. In Series B and C the
final mother Iliquors werc subjected to = beil-off,
during which their volumes were recduced to approximately
one-half the criginul enc¢ the mixtures o»f nitroughenclic
compounds were converted te picric acid., The pierice acid
was isalated by filtration £né by benzenc extracti:n
after dilution and chilling of the residuzl solution from
the bkoil-off. Nitrobenzine wes isslated from the distillates
by benzene extraction (Scries B) and ty steam Gistillation
(Series C).

Mercury wnalyses were made on the final
nother liquour in each »f the first three series and on
the combined washings from each of these series.

(For procedure, see Appenéix, page 123 ). In Scries A
end B the procedure gave scmewhat lew results because
of losses during the decrmpositicn ¢f crganic nmatter,
but this was ccrreccted in Series C, in which the luss
was relatively low, considering the weight of procduct
which was procfuced at the same time.

Various detzils <f the runs of Serics 4, B, z2nd
C are presented in Tables XIV, XV, XVI, zné¢ XVII. Dato
for Series D, E, F, and G are ;resented in Table XVIII1
anG notes. It will be ncted thit the predomineting
product in these runs 1is éinitr.;hencl. In the last
four of the series, particularly when micnganzus nitreote
was present, some picric acid was formed. Since the
product which rsrecipitated directly from the reaction
mixturce c-ntained ~nly & little PA, the lotter pcrocduct
was found largely in the extracted nitrophenclic
mnaterial; the extracted porticn is tabulated separstely
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in the tables, and & range ~f percentaege yields 1is
given for the assunptions thot the eatracted procuct
is either 211 PA or 211 DNP. This is given in uost
of these runs in lieu »f & precise unelysis o7 the
reletive smsunts >f DNP-Pia in the relatively saull
extracted fracti-n. When these runs.were made, ¢unu-

venient analytical methods for the tw: nitropher:ils
hgg Eot vet geen convletely worke& sute. e

Table X1V
Composition =f Initisl Oxynitrating Solutions

Series A Series E Series C

Mercurie oxice, Ce B6.6
38% Nitric acic, nl. ———
708 Nitric ueid, =l.
50% Nitric cei”, nil.

\:ater, ile

Voluie (£0°C.), wl.
Sp. gr oy 600/600 F..
Holes CgHg ,er run

Molarity of Kg(NOgz)e

Ratio: Moles Moles

HNOz ’ benzene
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Table XV
Oxynitretion with Re-use of lother Licuors

Details of Sepurate Runs

Volume «i Fortiii--
Yiel% of DNP 5 Mother catlen ucr
] Tepiey ~Co Liguor nevy rungicl,
m] of ufh B0z

w
L]

45 109113 1260 80
56 109-113 1285 60
55 108-113 1.305 58
53 110-113 1885 46
50 109-115 1340 5%
51 109-113 1365 Ba

110-118 1280 55
49 110-113 1<05 -

D3RG Ay -
€I CR OF CY O o i X
HBIIOOHD
L] L] L] [ ] L] L] [ ) L]
= 2 O M i ©©

110-113
179-113
111-113
111-113
110-113
110-113

Series C
Run No.

88.0 112-114 24825
101.5 111-113 2uld
10e.0 109-112 2985
106.5 108-112 <035
101.0 ' 103-11% 3260
104.0 10:1-112 2120
106.5 108-11& 3150
10&.0 56 10€~113 320
103.5 106-112 2275
104.0 95-111 ZAE0

ol RavE o

=
cod@Ionug
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Table XVI
Oxynitration with Re-use of i#other Liguors

Summary of Products in Serles A, B znd C

— e

Serics 4 Series B3 vtoerices C

£,4-Dinitrorhenol g £99.0%
' 51.0

Picric acid (after hoil-off)

Nitrobenzenc

Dinitrobenzenes (erude)

I3 =D O e

Total benzene acecosunted for

#* This figure does nct inclucde 23 . »f slkali-
soluble, low-nclting muterial recovered by
benzene extruction »f the finel sother liguor;
estimated .n the basis of analyses in later
experiments, it corresponded ti & 3-4p yicld of
a mixture of Z2,4-@initrophencl =nd picric zeid.
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Table XV1I
Nitric Acid and Mercury B:lances

Nitric acid (as 100% HNOg) Series A Series B Serisu O

Initizl oxynitrating soln., g. 786 796 LOZK
Fortification g. 601 294 1660
Rinsing in benzene g. 12 8 <0
Total HNOz added g. 1299 1098 3602
HNOz (or equivalent) in i
final mother liquor g. 831 78g £105 *©
HNOz consumed g. 568 316 1497

Total DNP procuced g. =299t 163 € 1098 ¢
Ratio: g. HNOz/g. DNP 1.90 1.94 1.36
Moles HNOg/mole DWP 5.55 5.66 3.98

Mercury (as Hg0)

Initial oxynitrating soln.,
In finzl mother liguor

In washings

Total HgO accsunted for
g0 unaccounted for

HgO uneccounted for

Before bhoil-off.

Only the weizht o1 ghrod quulity
&y4-dinitrophennl is included in this fizure,

The wedpght »f pleric zeid obtuined atter
the boil-off wus converted intc the
equivalent vieight f ~,*—d1rxtr3,A\nnl and
inecludecd in thuls fisure.

The asz~unt I weorcury unzcece unted i:r, s
giver sbove, 1s high in Series 4 znd B in
which the ";rcur. anzlyses wire poerforaed
before the final, were aecurats ancificoti n
f thi ;nclyticul pr‘ccdurc vis ad wtad.  Tin
figure given f£or Serice C wues Sbteined usins
the as¢ified pr.cedure (sce 113
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Table XVIII

Oxynitration with Continunus Drop-wise idéiticn :f bBenzene

Effect of a1ttt

and Mntt end ~-f Hgtt Concentrcti on

Scries

Compositi-n of Initial
Oxynitrating Solutlon:

E

F

tlercuric oxice,
70% Nitric acig,
En(NOs)g.GHSO

75% sclution,
A1(NOz)z.9H.0,
Weter,

Concentration: HNO;,
Hg+ ’

130
2000

1Z0
2000

13.6
8.4
850

1

C.
0.5

Procedure: @

Benzene per additisn? Se
hrs.
ACditi:nazl stirring, hrs

Time oI additi:n,

Nuriber ~f additions
F.rtificati-n,98#HNOz,

49

a
721 at
3-1'1!‘ )
inter-
vals

~3

8
3]
P4
£
S
e

X
He -
[olNe
w

[ealie ]

78
1

&
25ml1
zt 2-
hr.
inter-
vale
faring

addn.of
tenzene

Surmary of Prcductss ©

DNP, filtered,@
DNP-PA, extrcctec,®
Totzl nitrophencls,
Nitrobenzence,8
Dinitr;hcnzencs,h

Totzl hVenzene
sccounted for

172.5
*26.9

65.4

179.5
8.8

61.5

15.67 13.:-16.7 8.9-9.5

€c.5

5.2
1r).7

62.2_65.5

z
SN S

1.8
76 .9-r0 5

¢

5.9
1.8

75.0 T4.6-77.9
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69 .2‘
71.8

17.5
::.).6

Liea
2.1

74,0~
77.5.,




Notes

(Table XV1II)

The apparatus used was essentiully the szue «s that
described for Series A, B and C, p. 94 . OSeries D
was run accordinz to the procedure, PND-6, regorted
by Bachmann et al.§* but using four times the guentities.

For the continuous, drop-wise addition of benzene a

cylindrical funnel with a drop-counter was employed.
The temperature was meintcined ut 50° during the &ac-
dition and sutsequent stirring.

Products were allowed to accunuleate in the recaetion
nixture untll arter the final addition of benzene
except in Series G, in which after the second addition
crystalline 2,4-dinitreophenol wos rewoved hy
filtration before ccntinuing the series.

After the final additicn »f henzene and subseguent
stirring period, lizht yellow, crystalline £,4-dinitrco-
phenol, melting in the range 111-114°, was remcvaod by

filtration of the chilled (0-2°%) reascticn mixture.

An aliguot of the filtered mother liqusr was diluted
with an equal v»ylume of water cnd extrzcted with
pertisns of benzene. A deep yellow aixture of 2,4-di-
nitrophennsl and picric ncid, meltiny within the range
80-105%, was remeved from the benzene scluticn by
alkaline extractisn. 1In Series D, F cnd G analyses
were not nerformed and the percentage yields given in
each series represent the renge of values ~btained when
the yield was based separately upon each c-nstituent.

The extracted material (Note e¢) froi Series E vus
analyzed by the Kcppeschaar titration (p. 186) znd
found tc contain 37.9% 2,4-dinitrophencl und 62.1%
plcric acid, the latter by diffcrence. Calculated
from these values, thce yields of the twoe nitr-phen:ls
were 6.70 cnd 8.9%, respectively, a total of 15.6% ~f
comhined nitrophenols =s reczrded in the teble,

The benzene ssluticn remaining after removal ~f
nitrophensls (Note e) was distilled sné nitrobenzene
collected at 205-212° (uncorr.).

The crude resicduv rewmeining cfter distillati-n «f
nitrebenzere is reeorded in the tevle =s Dinitr otenzernes.
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III. THE £ECHANISM OF THE OXYNITRATION PROCLSS

At the outset of the present investigation it
appeared, from an exanination of the literature Learing on
the oxynifration process, that a study of the fundzmen%ol
chemistry of the complex recactions involved would offer the
best hope of modifying the reaction conditions to produce
high ylelds of nitrophenols and low yields of by-products.
Accordingly, considerable attention was given to the clucida-
tion of the mechanism. This phase of the work under
Contract OEMsr-646 was suspunded, however, when results in
the Continuous Extraction Process showed promise enough to

Justify our full-time effort.

A. Historical

s! 220 Mech z.- The French

chemist, Darzens, was upparently the first to propose «

detailed mechanism for the oxynitration process, aessentially
as follows: l

CgHg + Hg(NOz)p ——> CelsHgNOz + HNOz
CHgHENOz + 2 NgOp ——3  (CEHsN=N) (NOZ)
(CGHSNEEN)(NOS) + Ho0 ———. CgHsOH + N;: + HNOg
CgHgOH + B3HNOz e~ CgHg(NOg) z0H  +  BH0

Although this reuction mechanisu zppocrs to have hien pro-
posed in 1914, the ~nly repert of it in ths literature is o
brief cutline in the 2rticle by Desvorsnes in 1929.17 Ne
experinentsl ¢vidence supporting the ticchanism wos eivern,
and Desvergnes in the soue zrticle proposcd his own quite
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different elternative mechanism.

(g) Desvergpes! Mercurjial Irtermediate.-

(on the basis of ex
\ Desvergnes17 postulated/the formati

erinents by Broders)
on of the compound,

2,4,2',4'-tetranitrodiphenylmercury, as an intermedicte, and

cited the isolation of a dark solid analyzing for that

composition as evidence in favor of his mechanism.

he alsc
discussed the possibility that nitrosobenzene may he forued

in the reaction mixture through the intermediate of pheayl-

mercuric compounds, tut he apparently considered nitrosobenzene

as a source of some of the by-products rather than as an
essential intermediate of the major reaction.

Davis and
describved the isolation of a "black solid" in

‘ﬁ) Io L, Qav1§' "aléch Sgl;do"-
\ ‘ co-workersll

the oxynitratisn of benzene tc pieric acid, and they

postulated from the anelytical results showing the presence

of mercury, und from the fect that pleric acic was formed

on treatment of the black solid with nitric zeid, thzt the

8olid is a mercurial intermediate in the oxynitraticn rezction.
‘ c Pa s N

M 8 S [ Sad
Blechts and Patekle studied the behavizsr of mercury derivatives

of benzene and t»luene and came to the c:nelusion that

a

phenylmercuric compound is formed in the oxynitration reactisn,

\ but that the aqueous nitric acid causes = rapid cleavage

\ back t> benzene =nd inorganic mercurie szlt; they postulated

that, at the instant of its regeneration, the benzene pcssesses

unusually high reactivity, msking it susceptible tc oxidaticn
by the nitric acid,.
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different zlternative mechanism.

(2) Desvergnes! Mercurial Iptermediate.-
17 (on the basis of experiments by Broders)
postulated/the formation of the compound,

Cesvergnes
2,4,8' ,4'-tetranitrodiphenylmercury, as sn intermedizte, and
cited the isolation of a dark solid analyzing for that
composition as evidence in favor of his mechanism. he alsc
discussed the possibility that nitrosobenzene may be forued

in the reaction mixture through the intermediate of phenyl-
mercuric compounds, but he apparently considered nitrosobenzene
as a source of some of the by-products rather thsn as an

essential intermediate of the major reaction.

(5} T. L. Davist "Black Sclid."- Davis and

11

co-workers described the isolation of a "black solid" in

the oxynitrati-n of benzene to pieric acid, and they
postulated from the anelytical results showing the presence
of mercury, and from the fact that picric acid was forned
on treatment of the black solid with nitric zcid, thzt the

s0lid is a mercurial intermediate in the oxynitratisn reacticn,

& 's N - Mechanis:i.-
Blechta and Patek18 studlied the behavicr of mercury derivatives
of benzene and t»luene and came to the conclusicn that 2
phenylmercuric compound i8 formed in the oxynitration rcacticn,
but that the aqueous nitriec =2cid causes & repid cleavage
back t~ benzene &nd inorganic mercuric szlt; they postulated
that, at the instant of its regenerati-n, the benzene prssesses

unusually high reactivity, mazking it susceptible tc oxidaticn

by the nitric acid.
CONFLILENTIAL
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Mechapism.- G. F. Wright21 found tne Larzens Dizzonium
Mechanism attractive, tut concluded that the cxperiments on
material balence in his laboratory did not support that re-
action mechanism. The diazonium wmechanism predicts that a
pinimum ot one mole of nitrogen is formed for euch mcle of
picric acid, but the obscrved quentlties »i nitrogen rus
fell considerably short of this amount. Since some nitroagen

was found, the dinzonium mechanism was nst ccmpletely ex-

cluded from cunsideration.

B, Mercuration As the First Step in Oxynitrati-n
auinction of Davis'! "Black Sclid."- 1t
seemed highly probable that sercuration f benzene is the
initiel stecp in the osxynitrazti-n process. We preparcd
specimens »f T. L. Davis' "Black S«1ic," presumed to he 2
nmercurizl intermediate, fellowing as nesrly 2s pessible tho
scanty published directi-ns. The Yluck s:lids which we nh-
tained consisted largely «f dinitriphen:l corted with an
insoluble dork tarry substunce contalning scme mercury;
therc was evidence alss for the presence ol ~xz2lic acid.
No well-defined compound other than DNP was found in the
hlack s»1id; the dark csler apparently was cdue to curbznucerus
deconiposition pracducts.
(£) Mercurcti:n of Bunzene in Ayucsus Kitric Acid.-
It vus found that icrcuraticn =f henzene osccurs reasdily in

aquesus nlitric ueid. VWhen the celd eoncentration is 35% or
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lower, cxynitrution does not procecd reccily to caupletion

unless the tempersture is ruised or - long reaction time 1is

used, cnd 1t is ecsy to isolute und idunt;fy nercury

derivatives. Under conditiorns only slightly milder thon a
typical b:tch oxynitrution, an 8.6% ylcld of basic phenyl-
ercuric nitrate ves isolated.

Procedure for B_uic Phenyluercuric I
Boenzeng.~ Benzene 3 was stirred with ¢ s~lution
containing 0.2 mole af mcrcuric nitrate in 200 nl. of
35% nitric acid a2t €£°C. for seventy-five uminutes. Upen
ccoling crnd diluting with water, & precipltate of 5.4 g.
sf hesic phenv;xo‘curic nltratu, Tep. 182-183°C,, was
abtained (8.6% of the thecretical hased upsn benzene) .

Hercuration sccurs coven in quite dilute nitric
acid, rtut the reaction 1s slow znd the ins:luble, infusitle

pracucts consist of coaplex mixtures cf ons-, di-, tri--,

and tetrs-mercurated . derivetives, A typlcal ex-

periment is cdeserited below.

¥ 2t 2 hitric Acic.~-
Benzene (50 ml.) wos agitutcd .ith o solutin of €65 2.
of umercuric nitrete dihydrate diss~lved in 207 wl. of
6.5% nitric ccid; the teuperaturc was 65°C. und the tiue
~f reactlon nine hours The ulxtur:s was ¢~zled znd 39.9 .
~f nearly colorless 5oliu nctorisl wues filtercd. Titration
=f the filtrates showed theot uppruxiu .tely 405 of the
mercuric lon remained uncunhined The product vwies shown
tc consist of a aixture of i:ono- and poly-ucrcurated
benzene derivatives, us 1llustrated with the typical
procedure fesceribed in the following pozragraph.

Exeminzti:n ¢f the Pr:duets of the .lercurati-n
of Bepzene in Dilutc Mitric Acld.~- £ quantity of 50 ..
=f mixed mercuricl derivatives prepured by o srocedure
sinilar t>» that descrite¢d in the preceding ;;rlherh WES
treated with a s£lizht cxcess =f brimlne in cn szltoted
aquenus suspensicn at tewperaturces helow 3GC. The rrgonic
reaction prcducts wore extrscted with benzenc oné
scpuratcl by erzreful fracti-nsl cistillati n (uncer ro-
cuced pressure or the hizner Loiling eonstituents)
The presence of broaoothenzone, L-dibrovicbenzene,

4
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1,3,5-tritromotenzene, and a solid tentctively identified
s 1,2,4,5-tetrabromnobenzene wes shown in the cistillate;
it is very probablec that other isoueric di-, tri-, und
tetrabromobenzene derivatives werc present but could not
be isolated in purc state. The distillate wes diviced
into fractions corresponding in boiling rang: tc mono-,
di-, tri-, and tetrcbrouobenzenes; the approximute molce
percentage composition of the mixture of browo derivatives,
and by inference the wole percentsge of corresponding
mercurial derivatives in the origincl mixture,wes
estimated to be:

Mole Percentuge Compositinn

53% mono-brouc ~ (monc-nercurated Lenzene)
38% di-bromo ~+ (di-mercursted tenzenes)

7% tri-trouo ~ (tri-mercuratec benzenes)

24 tetrs-brous w (tetra-iercurated l:enzencs)

The weight of recovcred mercuric rrouice (54.4 ¢.)
corresponed to zppreximately 88% of the expectel welght
on the besis of the compositien indicated chove. The
methzd of cleavage with hrooine was checke? with nurc
phenyluacrcuric zcetate; under compzrable conditicns,

it yielded 80% of the theoreticzl bLr-oanitenzene (distillecd),
and 84% -f the caleculuted weight =f mercuric hromide wal
recovered; there was ne evidence of frracti-n of polybrooe
cuapounds. Similarly, g-discetoxymercuribenzene guve 78%
:f the czleuleted p-dibrorcbenzene ¢nd 847 =f the culcu-
lated tmecrcuric bronmice.

It was further shown thet the treatoent of bagice
phenyliiercuric nitrate with hot scluticns »f uercuric nitrate
in Ailute nitric scid led to the forwstisn f alxtures very
similar to theose prenered 25 Cescribed above dircetly froo
henzéne, contzining nolyaercurated benzene carivotives.

:nversion of Phenylugreuric Copounds to

Dinitrcphensl.- Experiments »ith ghonyluercurle zeetnte,

phenylmerecurice nitrzte, basic phenyli:crcuric nitrzate, ond
with the nixture of on: and polymorcurated comp-unds orued
by mercuraticn »f benzene in 2ilute nitrie zeid showed thot

-

cach ~f thc monqmcreurated hoenzens oonpounds rcaets with hot
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nitric acid of approximately 50% concentration by weight
to form dinitrophenol (oné some picriec acid) in varying yields.
Our earliest experinents carriec out in 1942
always feiled to produce as high vields of DHP from phenyl-
nmerecuric salts as frou cquivolent auantities of denzene znd
mercuric nitrate under comparaﬁle conditicns ¢f tine, tonpera-
ture, and nitric acid ccncentiction. 1In those early cx-
periments the nmercurizl was 2¢ced in cne pertion at the le-
ginning of a run, &s was als: the bhenzene in the eontrol
axperinents. Yielde »f DNP frca vure phenyluercurle coppounds
ancunted in the hest experizents to only 29%. The yviclds -r
DNP from the nixture »f mone end polymercurcted derivatives
ohtained by acrcuratlsn in very dilute nitric zeié were
1:wer, end the yielc¢ figurcs were of such = ungnitudc as
to» suggest that only the wanciercurated derivatives in the
mixture 2re capable of being converted inte DNP.
Subsequent weork showed thet the low villis
toined with phenyliowercuric derivatives resulted from the

chcice of unfavorable experinentsl c:nditicns. When shenyl-

mercuric acetate or hasic phenylacrecuric nitrate wos slowly

edced to 54.6% nitric acid at 457C. over e perdica of two
hrurs, the yicld ~f DNP rose to 54.96, with a £.7 yi=lC
~r dinitrobenzene znd a trace of nitrohenzenc; when ©11 of
the phenyliercuric zcetute was added in cne prorticn in o
cintrol exgoeriment the yicl?d of very iagure, dark DEP wus
only 21,1k, When the a¢0citi-n ¢ Jhenyliercuric 2cetote in

very saall porti ons wes extendel over ¢ perded oI eix liwure
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nitric acid of approxiaately 50% concentration by weight
to form dinitropghenol (onéd some picrie acid) in verying yields.
Our earliesst experiiients carriec out in 1942
always feiled to produce as high vields of DKP from phenvl-
nercuric salts 2s frou cquivolent guantities of bYenzene o
mercuric nitrate under compa aﬁle conditicns cf tine, toopera-
ture, and nitric acid® ccncentieticon. In those early k-
periments the mercurinsl was 28¢ed in cne pertion at the le-
ginning of a run, &5 was alse: the henzene 1n the control
experinents. Yiazlds of DNP frca wure phenyluercurie coiopounds
ancunted in the best experiuents to sonly 296. The yiclés o2
DNP from the nixture »f mone snd polymercurited durivatives
ohtained by acrcuratlsn in very &ilute nitric acié were
lewer, end the ylelcd Tigurcs wer: »f such = nagnituie as
t> suggest thet only the mcnzaercurated derivatives in the
mixture zre capahle ~f belng converted intc DNP.
Subsequent werk showed thet the low widlds ohe
teined with phenyliwrcuric derivatives resulted fronm the

cholce of unfavorable experinentidl cinditicns. When Dhenyl-

mereurice acetate or basic phenylucrcuric nitrote wos slowly

adéed to 54.65 nitric acid at 45°C. over & perled of two
hrurs, the yicld ~f DNP rose to 54.9%, with a 2.7 yi:ld
~f dinitrobenzene and a trace of nitrohenzenc; when ¢ll of
the phenylirercuric ncetute was odéded in cne pzrtion in o
control exgeriment the yicld f very iagpure, dark Dhpe wis
only 2l.1k. When the additi-n :f henylicrecuric 2cetoic in

very saall porti ons was oxtende) over o perisd of eix iurs
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at 45°C. in 54.5% nitric acid, the yiell of DNP rose to 70.4%,
zn? the proluct wag nicely crystzlline zlthough soumewhat
redéish colored; some initrotenzene sn® a2 trace of nitro-
benzene were formed. It is obvious thot the slow, gracnal
acddition of phenylmercuric coumpounc approsches uoare closely
the conditicn in uzn oxynitration mixture with bencene in

which nercuretisn occcurs ¢t ¢ finite rrte. These cxporinucnts

emphasize the importance »f cocntrolling the rote of addition

>f reactants; this varizkle proaved to he of great importonce
in the case of the acddition »f benzene in the oxynitration
urocess alsao,

Several experiments were carried .ut tco deteraine
t» what extent raverszl ~f mercuration bw the nitric uci”
can occur under conciti.ns ~f cxynitraticn, =nd whoether cr
not cleavage -f the intermediste rercurisl coampound t-
henzene has an lwpportont role in the -~xynitratim process.
It is known that h.t dilute acids can cleave aryliercury
cpounds to the parent hydroesrbhoyns znd invrganic nmercury

salts, as illustrated in the t2llowins cyuation:

CgHg + Hg(WO0z)p =—==== CgHgHgNOz + HMOg.

Basic phenyluercuric nitrote woe sus; ouded in warnm 408 nitrice
acid znd steom was passed throush the mixturce. Centrol ex-
poriments vith henzenc ard nitric ucid e.ntuining mircuric
nitrite showed thet benzene, whon prescent in sueh e nlxture,
ls svent wut hefrre it hes tice to undere» s oreclakle oxy-
nitrati-n. With basie chonylucreurice pitrote o ccricln
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amount of henzene (from 23 to 475 of the theoretical) wes
distilleé during the first five minutes, but none subseqguent-
ly. Dinitrorhenol or Pa wus alwnys founc in the resildue in
varying yields, Th; vield of benzene was increasced ond the
yield of nitrophenols wes lowered when the concentration of
nitric acid was decrcused. When in excess of mercuric nitrate
was added to the suspension hefore stesn was passcd tnrcush,
the extent of cleavage of benzene vias deerecued 2al the

vield of nitroghencl was incrcemsecd. These ohservitions would

81l be cconsistent with the vicw theot the uercurial dnes not

revert te henzene tefore toing Hxynitroted; that the claavase

to benzene is favored rs the nitric zcid concentrotion is de-
: at the sume time the oxynitration is inkiltdtod;
5 the nercuricl is inhi*ited %y the proscenee

¢l &an exeess of mercuric nitrzte in s:lution.

Sericus considernticon wos given to the passiility
2f ecarrying -ut the oxynitration in tu sepirate
first beinm = contr:-lled mercuraticn of henzene ond the
second stagze eonsisting of the conversi.n of the nercuricl
intermecdiate into ILNP or Pa. It was h.,.e¢ thut bv thus
dividing the overasll process int: seyarate stecs it would
be possibkle to adjust the reacticrn condéitims wre fovorabkly
for cach phase. All nwodificeti-ns 2f such 1 two-sta,e o1 ccuess
friled to attcin the west yields of 2 sue-stage oxynltration.
The failurc is to Lo attributed to the et thot oly-

nereuration teeurs very roodily i tone nicno-mercurateld tonzone
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derivative 1s allowed to btuild up =n sppreclzble concen-
tretion in the mixture. The complex i olyaercurinls which

are formed do not yield wmorc tnan small auounts of DNP or

PA upon treatuent with nitric acid. In an actusl oxynitration

1t appears that the .onomercurated interuediate reuacts so

rapidly to form nitrosotenzene that only o low stecdy-stazto

concentration is present and the extent of pelymercurzotion 1s
snall.

{4) Mercuration of Benzene in Nitric Acid Con-
taining Urc¢a.~- Th: demoastraticn thot phenylaercurle conipounds
cre formed under conditions very clouse to thosc used in
actunl oxynitrati-n, =zndé the experiments Ir which phonyl-
rercuric ceonpounds vwiere converted intc DNP by nitric ~ciq
crnstituted falrly convinelng cvidence that zercuraticoon is
the first stey 1n the cxyniltrati-n grzecess. The theery of
Blechta andé Patek,le inv:lving the idea of Pnoscent “omzanc®
regenerated frowm phenylaercuric nitrote as wn interaedista,
was not, however, excluded as 2 pos
t> DNP.

liestheiner®®27 was alle t rrovide direct exneri-
nental evidence in support of the Durzens mechaniso,. flo
shaowed that phenylacreuric nitrete iIs converted in the
presence of nitreogen cxides to benzenedlazonivi: nitrote,
which can then bresk dewm to phencl wnd thenece to DNP in the
presence ~f the pri.er ce-ncentrati-ns »f nitric znd nitrous

acids.
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0f porticulor interest was westheiwer'!s demonstra-

tion thst the xercurution of tenzene occurs nt noriscl rites
in nitric acid containing ures, ut all subscguent ste;, o of
the oxynitration are inhibited in the nbscnce °f necos-
sary nitrogen oxides. Using solutions containing ureus @s wn
sxynitrotion inhibitor, he was ohle to messure the rotes ot
[ ]
coencentratings of nitric =zeid znd 2zt vuricus teu.crotures,
an¢ to show that the rate »f rercureticn ic pr-oberly the
rote-cntrolling step in the sxynitration rocess under the
usual preperative conditions.

Westheiver's hoteh creperastl noof (honylicreuric
nitratc in nitric zceid c.ontaining urea sugszosted to us luter
the »ossitility of preparing phonylicreuric pitrate in the
c:ntinu-us extructi o vecrztus.e Sinec henylucrcurie vitratc
is scumewhat soluble in Yonzone, we were ohle t o sre;urc thuot
cxapauné  convenisntly bty use of the Tfritted disk extrozet.r
(N2, 4) with s:luticns of screuric nitrate in nitric rcié
containing urea. Detuils of this precarttion have oleendy

heen descrived on pogé 68 ior the Wo. 3 Jot Extractor.

C. NMitr-.cobenrscne ss ~n Intericainte in Oxvnitroticn

At 2 meeting of ewntrset grous (wichipsn, Chiesso,
T~r:ntz, =2n’ Pennsylvonis Univeroitics) boli in Letr it in

april, 1943, Dr. VWecsthelier ;resentod iis pooort o slavenh 15 -

Auril 1R deseriting thoe first dircet cxgerinontszl cvioonee
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confirmineg Dorzens! proposed conversicn of phenylucrcuric
nitrate to henzenediazoniua nitrate. In the discussion which

folloved Dr. Westheluer's regscrt, attentisn was culled to

reports in the literatur329 vhich indiente that arylicreary

cumprunds arce cleaved with grest case to nitros. cisbeunds,
and that aryl nitross csmprunds wre in turn readily convertod
ts diuzonilur nitrates by the setion of nitric cxidu.zo The
possibility was suzgested thut nitras.benzene woy be 2 truc
internediate in the ~xymitritlon scqucnee, instead of &

Jrecurs~r of s g Sf the by-products, os sugsested in the

article by Desvergnes.l7 That nitrsolbenzene is ¢ true

interisediate was later confiruwed by experiuentzl work F
the three NDRC c-ntruct zr-.ups.

The conversicn »f nitr..sobenzence tz DNP by the
zetion of nitrie cxicde «nd nitrie weid, withiut the use =T
nerecury, was shown at the University -f Pennsylvaniz in the

f~1lowing experiuent.

Oxynitrati:n of Nitr.:s.benzene withaout ilc
Nitrate.- A sclution ¢f 80 nl., of 0k nitric zelcd wus
stirred ot 202C, zand 10.7 3. of finely (owdercd nitroso-
bepzene was edded graduclly Curing -ne hour, nitric oxicde
was passed through the solutiun cunstantly during the
whole reacticn perisd. The :alxture was stirred £or an
additi:nal fifteen inutes, then 67 ce. of 70% nitric
2cld was slowly added with stirring to inceruisc the aeid
concentration to 50% by weisht (ogo.roxiuctely). The
teuperature rose roplcly to 50-559C. The wixture was
stirred for two hours, then chilled ond filtere? to ro-
aove 9.7 2. (52.75) of DNP.
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The Darzens Plazonium Mechanism, extendcd by the irclusion of,
nitrosobenzene as an 1ntermediate; wos accepted s o working
hypothecis by the NPRC contrzct groups for some time. The
strongest evidence supporting it was thet svery nostul-ted
step could be demonstrated experimentully. Furthermore, the
rates of the individuzl stcpﬁ o3 determined by Westheiner
accounted very well for ths observed rates of oxynitration
in concentrztions of nitric zcid below 504 by welsht (10.4 ii).
Another feature of the @}azonium mechanism wes that it zave
a plausible explanstion for the observation thzt &0 to 304
of the benzene was consumed by oxidative side renctions.
The nitration of phenol, pictured 2s on Interuediute, is
known to give poor yields.

The diazoniur rechunlsrm requires uitrogen oxices

s essential reactants in the oxynitrztion proeecss,

normally the preporative oxynitration is carrioed cut without

the addition of nitrogen oxiées from «n extornal source, it
follows that thce nitrogen cxides required for the reacticn
woulé have to be formad intornally by the reduection of

nitric ceid. Since benzere is the <uly cregcnic azterinl
introduced, it alisc follows theot the reductlon cf nitric ucild
must oceur at the oxpense »f the oxidatiin of benzene or ‘

compounds derived fro: 1t. On the assunpticn that benzene

woulé have to be wxicdized to forz NoOz, Westheiuer proposed
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a stoilchiometric equation to define the mnost efficient

possible utilization of starting matoerials, as follow5=

19 CgHg + 75 HNOz —3=15 CgH,, (NO_)40H + 24 CO, + 15 iy, + 72 H.0.
(picric acid)

This equation assumes that lost benzene 1s oxidlzed ccipletely
to carbon dioxide to form only the needed nitrogen oxides
with none left over, and that in additlion the oxldaticn of

benzene occurs hefore conversion te benzenediazonium nitrate.

On this basis the maximum yield cf pieric ceid would bhe
15/19 or 79%, ané 21% of the benzene, a2t the very least, would
be lost by oxidation.

As an alternctive, the group at the Urniversity of &

Pennsylvznia propossed the following: stcichiometrlce cjuatien:

7 CeBa + 24 HNO. 5 CaHa (NOL)OH + 12 €O + 7 Ny, + 23 Ho,0
66 e 6 ? ; < Ha 2 e
DNZ

The assumptisn inherent in thic equatizn is that the organic
naterial exidized to produce carbin ¢i-xide and nitrogen
uxldes first undergnes the oxynitrauticn steps through phencl
and that it is phen-l which is c~xidized; the number oI 117les
vf nitrogen formed will by this assumptisn be equal tu the
nunber of moles ~f benzene used up rather then to the nuaber
~f nrles of dinitrophentl {oraed. On the basis f the lotter
equation, the msxiisui yioclé <f DNP (-r Pa) would be 71.546,
with ¢ alnimuz of £8.5% »f the benzene destroyed.

The actual ylclds of DNP ond Pia 1ssluted 1n «
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large number of bhatch and continuous oxynitration runs
approached the limits set by the cbove stoichlometrie ecuaticns,
and this was considered for & tiuc zs tending to confir the

correctness of the diazoniua mechanism.

G. F. Wright #n? co-workers discarded the diczonium mechcnism

largely on the ground thot they were able to find only st-ut
three-{fourths »f 2 mocle of nitroeen for each mnle of picric
acid formed,51 rather than the predicted miniswa of cnme nsle,
The low yleld of nitrogen wes later eonfir.ucd in the con-
tinucus extraction apparatus (No. 54) «t th:s University of
Pennsylvanis (ODP-14, Division 8, KDRC, Jenuazry 15, 1944,
page 11). Under the relztively aild cunditisns of the ex-
trezction process, in Run 54i-6, slightly less thzn cne wtle +f
inert residual gus (Ng + No0) wes oht:ined “uring the oro-
duction of a total of 3.5 acles of DNP anc Pij thie findinz
pravided definite proof that under optinus eonditions or
oxynitration cnly & part of the nitrocphentlic meterial con
arise through the interuedizte of henzenedizzoeniun nitrotc.
Dats on the ccnsumption oI nitric zeid in ta. eontirnuius
extractors (0DP—13,27 Divisicn 8) &ls: showed thot, even when
the 1oss in the fuze is counted, the total consuspti:n of
nitric acid in some «f the runs with naterizl bvalanee wos
less than the winluun of four weles of gitric selid required
by the dizzoniuw mechanise for the fornzti=n of each m-le of

DNP.
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Several months before naterial buzlance dzta vere
availzble to prove the existence of an alternative mechenisu,
there were indications that the diazonium mechanism was in-
adequate. VWhen the yields of DNP + PA were calculzted for
runs in the continuous extractors, eliminating frcm the busis
of calculation the benzene velatilized through the condenscr
and that which was converted to nitrobenzene and dinitro-
benzene by side recactions, the "oxynitration efficicncy"
ylelds so ccriputed were founé to exceeé the liwit cf 71.5%
set by the Pennsylvania stoichi-metric eyuation, cnd irn a few
runs even the figure of 79% implicit in Westheiumer's
stoichicaetric equation (see page 28 for & further dic-
cussion >f the methosds of calculation). This cculd only be
possible il an alternative mechanlisz existed which wculd nct
require nitregen oxicdes as reactants in thoe cucunts deconded
by the diazonium nechanisim,

In spite of our repeated eff.rts, 2ll experiments
designed t- iaprove the yields of nitrephencls in ~xynitraticons
by the giddition of nitrcogen coxides Iriin zu external scurce
failed, In the presence of high cincentrati-ns £ nitrogen
oxides, whether the oxides vers adéed frou an externzl s urce
vr gencrated in the ulxture by cdditi:n of s2diuw nitrite

or hydroguincne, the yields ~f DNP werc alweys low (50 or

less) and considerable am-unts »f highly culered by-procducts

were formod.
On the hasis of kinetic studics =f the vari ue
steps of the diuzopiun seyucnce, westheluwer wis led to

CONFLIDLUTIAL




-117- CONFILERTY..0

predict (ODP-8, Division 8, NDRC, July 15, 194Z, page 45)

that above 50% (10.4 ) nitric acid strength the oxynitrction
reaction woulcd suffer <ue to the sharp increase in the reote
of Adluwerization of the intermediute, nitrosobenzene. He had
previously shovin thot the rate of dlazctization of nitroso-
benzcne was not fuvered by an increase in ceid strength.

We found thot, contrary to the prediction, zood yields of
nitrophenols cculd he >btzined iIn hoth batell end continucus
oxynitrations carried ~ut evern in 60% nitric :eid, (ODP-10,27
September 15, 19243, page 9). —

Freow o consideraticn of the inconsistencies not
explained by the dlzzonium aechanism, Westheluer prop:ise
(opP-11,27 Division 8, NDRC, October 15, 1943, poge £7) that,
while the diazonium mechenisu aceounts v the formstisn of
a pertion of the nitrorhernslic :uaterial under seue reaction
concitions, an altoernotive miechanism capuble of ziving hdgher
yields obteins under cther c¢onditi-ns, particulcrly in
nitric aecié zhove 507% c-neentrati-n by weight. His clternctive
nechanism has zlready been »utlined (Path A, pzge 10). In
subsequent reports Westhelmer provided cvicence witdch proved
in 2 very convineing and elegent uenner the coerrectness of
the essential features »f his alternstive "Resrrangenont
Mechanisz," vhich shares with the crizinsl Durzens ucclirnisa
the initlal steps »f aercuration of tnoe benzene ond con-
versisn of the mercurial tc nitrosoboenzene., The \esthoeiuer
rnechanisn is the predeaincnt wne under -<ptizul operating

conditi-ns of the oxynitroti-n pgrocess.
CORTIDENTIAL
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; to Wechunism
(1) Pregarction of Basic Phenvlaercuric Hitrate.-
LA new method for the prep;ration of bhasic puenylimercuric
nitrate was developed whichiis wuch more conveniesnt than

the method of Woolett and Coulter.32

Procedurg: Powdercd phenyl.oercuric scetate
(100 z.) is graduslly 2dcdeé to a scluticn of 125 rl. of
concentrated amnmoniua hydroxide in 400 wl. of wuter
heated on a stean bath. An zéditicnnl 20 wl. of coneon-
trated ammonium hydroxicde is added, aiter which the s:lic
is almost &ll in scluticn. The nmixture is heated to
boiling and filtered into 75 ml. «f 70% nitric acid which
is continuously 2né vigorously stirred with ¢ isechaniezl
stirrer. An scditiomel 5 ul. .f 70% nitrie zcid is
introcuced and the soluticn, conteining a suspeasiin of
surie white sclid, is Loiled for one ainute. t is crniled
te 6°C., filtered, and the sclid washed with ice water,
The yield of pure colerless basic phenylucrcuri~ ritrute,
1:1.{). 181-20 dec., ic 73.3 e (77.5;‘3).

(2) Diagotizutisn of Phenyluercuric Conpounds in
Glacial Acetic Acid.- 1n line with &n idez thut the

mercuration step misht te corried cut sepsr=ztely froo the

subsciyuent steprs of the ~xynitratiomn, s ..uc experinments worc
made ~n the diwszstizaticn <f phenyl.cercuric uvectzte in zlacial

acetic acié. Diazotizution coulé be aceltiplished with 21ither

s>dium nitrite and sulfuric zcid or by the intr-ducti-on i

nitrogen J,xides, as shivn by the isclation of crupled products,

btut phensl esuléd nol be iszleted, una conditicne esuld et
be fzund by which the resulting aixture ¢ould b

e eonverted in
vicl¢ t> DhP.

(3) The Rocetion of B=-Dizcet xy.ercuribenzene with

A

Nitrie Aeide- The jossibility thet diusrcursted henzene
derivatives mi-ht he forued 1n the xynitration mixture led
us t. exumine vthe noiure f the roesetion of g-tizcet Av-

. M}
o -
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aercuribenzene (prepared by stander@ nethods from the ben-

zono-disulfonyl chloride) with 50% nitric acid under con-
¢itions siailar to the usual batch oxynitration conditions.

Of the amount intrccuced, 60% could not be sccounted ir us
defirite products, 6% of ¢ mixture of wono- and dinitrotenzenes

wae obtsined, and a 31% yield »f DNP was isolated.

DNP _cnd PA.- Dilazctizel aniline was ceonverted to a uixturc
nf' DNP and P4 in = yield betweecn 61.6 and 66.7% in & one-
step prucedure simllar tc the usurl cxynitraticon.

ceedure: Aailine (0.2 iiole) wes dioczotized
in 75 ul. ¢f 507 nitric scid with 15 g. =f solium aitrite
ir 25 ml, ¢f water. By means of 2 chillcd dropping
funnel, the s~lutl.n of dlazcnium salt was added te
600 ml. »f 10.4 & (504) nitric scid; the soluticn wa
vigorosusly stirred ot 50°C. The acic strength wes held
constent during e three-hour period by addéitiq-n of 986
nitric acid. A yicle of 15.1 g. of so1icé DNP was
filtered ond 9.45 g. of @ wlxture ¥ DNP and PA was
extrected; total yield, between 6L.6% end 66.7% (no
enalysis cn the coupesition of the extracited mixtare).

(5) Conversim of p-Nitrctengenediszoniun Nitrote

to DNP.~ In an eff-rt t: bresk down the cxynitration preocess

intc its component steps, sume model stulies were currled

sout with p-nitroghonyl derivotivas., In ome exprrinent it

wag shown that diszstized y-vitroariline ean pive o saall

yield of DNP under c:nditli-ns acpprouxiaseting the szynitration,

There 1s nc rezs:n t. helieve that the nitre dizzondun

czapsund is ar Intermediute in tho cxynitreotion <f renzene.

Procedurg:  up-Nitrozniline (0.2 icle) was

dinzotized by the sane procedurc described in the preceding
seetion, 2nd was in turn treoted with warm 507 niiric

aeid for four hours at 50°C. Uwon eoeling the nixturs,
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tests were obtained for unchanged diazonium coupound.
Extraction_with benzene and gug%fication with alkali led
guite pure DNP,

to the isolation of 3
fle p- 115-40

ac Nitrophenylizercuric Salts wit

itric .- Nitrobenzene was mercurated with mercuric
acetate in acetic scid, giving, according to literature
reports, a mixture of o-, m-~, &nd p-nitrophenylmercuric
acctates, In & series of experiments which it_was hoped
would throw light on the mechenisem of oxynitration, portionc
nf the mixture of wercurazted derivetives were troated with s0-

5% nitric acid at 70-80°C. fcr three h-urs cduring which
small portions of sodiur nitrite were cdded. Fronm the re-
acti~n mixtures we werc able to isclate small znounts of o-
and p-dinitr:henzene ond an unidentified wmercury-free crystel-
line cunpouné, m.p. 248-£50%. In another experirent at
100-110C. small yields of o- &nd p-édinitrcbenzenc were che-

tained, but ne nitrophenols were identified.

7T Nitrea of Phencl.- When it was still
considered prcbable that the diazenium nechanism was the
important one, a careful literature scurch was mede to Ce-
teraoine the 'yields to be expected from the nitration of
phensl with approximately 50% nitrlc acid. (Litorsture ro-
view, ODP-8,%7 Divisicn 8, NDRC, July 15, 1943.) The con-
clusion was that the nitration of phenol is clways attended
by consicerable losses due to feormation f dark concensati-n
preocducts cnd because of cxidoticn. Confirmectory experinents
under concitlons approxinsting those of the oxynitration re:cti&n
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gave a maxirmua of 65-70% of DNP contzining some PA. Dark
by-products were always forned.

{ Mangao vitra
the Nitration of o-Nitromhenol and of p-Nitrophencl.- 1n a
series of experiments intended to deteraine whether wmercuric,
manganous, and sluminum nitrates have any catalytic zction
of the nitration of 1ono- znd dinitraphenols, we found that
mercuric 2nd aluaninua nitrates cpparently have no effect,
but mengoncus nitrate definltely incresses the rzte of con-
version of the mono-nitreophencls to DNP. Bachnzann 27,28
subscyuently showed that wunguncus nitratc cutalyzes the
nitration c¢f DNP to Pi. These nitrztions tre all scnsitive
tc the concentration of nitrogen oxides, and it is npossible
that the catalytic etfect of manganese, which is quite
pronsunced, is due to an affect cn the nitrogen -xide
cquilibria. Althcugh mangarous nitrate nss been recomzended

previsusly fer the oxynitraticn reacticon, we zre noct swore

that 1its role as a cetalyst in dircet nitrati-n hos been

p2inted wut befure.
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APPENDIX
. ANLLYTICAL WETEODS

Deternination of Acidity in Oxynitration Sclutions

Analysis for Mercuric lon in Oxynitration Stock Sclutions,
Mother Ligucrs, Fortifying Soluticns, Washings, and Rinsings;
Analysis of DNP and Pa for Mercuric Ion

ianganous Ion Analysls in Stock Scluticns, Mothcr
Liduors, Fortifying Scluticns, Washings and Rinsings

Analysis »f DNP-PA Mixtures fur DNP Content
dnclysice <f PA in DNP-PA Mixtures

Analysis of Acid in Gzs aAbsorption Trap for Nitrie
end Potentizl Nitric Acid

Analysis of Gases Evelved in Oxynitraticn
Anslysis »f Oxynitreticn Liguors for Oxclic Acid

Analysis of Oxynitration Liguors for Nitrous Acid

Analysis for Acidity

1. Szluticons
LJt °Sihu Thiscyanate, 1

.0 g. K8Cr/l.)
s Re¢, 0.4% aquecus (4 1.
’
B2

T recd )
20.0 g./1.)
ceid phthelst.

8
qt¢nddrd Socdiun Hydroxide (

96.
con
N
(Sstancardized ogainst siu

(
5
ss

N
él
0.
ta L.

2. Procedare

The _method empl. v;d is that descrited by
Downing and Wri"ht. 21" For the stoel s lutisn end mother
liquor & sample 1s withdrewn with o l-ul. plpette (th‘ 1)
and droined int: 100 ml. of weter in an Erlenacyer f{losk,
Six milliliters of potassium thiscyanate svluti.n (Wote 2)
anc. four drops of congs red ore acCed. The s'luti.n is titrated
with strndard sodiuw hydroxide t- ¢ definite red cnd p-int
(F.te 3). Ascidity is expressed s nulurity of nitrie zeid,

1.-HI 05 = l\'-NuoH X v-Jln ]\lgod
V)l- Sk Jlg,
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APPENDIX
. ANLLYTICAL J4ETEODS

Deteraination of Acidity in Oxynitration Seclutions

Analvsis for Wercuric Ion in Oxynitrztion Stock Sclutions,
Mother Lijucrs, Fortifying Soluticns, Washings, and Rinsings;
Analysis of DNP and Pa for bercuric Ion

anganous lon Analysis in Stock Sclutions, Mother
Liquors, Fortifylng Scluticns, Washings and Rinsings

Analysis »f DNP-PA Mixtures fur DNP Content
Aneclysic of PA in DNP-PA Mixtures

Analysis of Acid in Gos absorption Trap for Witric
end Potentizl Nitric acid

Analysis of Gesces Eveolved 1n Oxynitraticn
Analysis »f Oxynltretion Liguors fvr Oxclic acid

Analysis of Oxynitration Liquors ror Nitrous Acid

Aralysis for Acidity

1. Szluticns
Pstassiun Thiveyanate, 1.0 N (

96.8 z. K&8Cri/1.)
C:ng: Red, 0.4% aguesus ( g. c:
N
siu

o Pef /l )
20.0 g./1.)
celd phthelut.

.8
e
(

Standard Suéium Hydr:xide, 0.5
(Stancardized ogainst potass

L H
2. Procedure

The _mathod emploved is that (ebCllleu by
Downing and wriﬂht. A For the stock s lutisn end nother
liguor 2 sample is withdrswn with o l-iml. pipette (n t. 1)
and droined int: 100 21. of wwter in an Erlenncyer flosk.
Six milliliters of potassium thireyanate suluti.n (Hote 2)
anc frur drops of eongs red ore 3dced. The solutin is titrated
with stondard so>diun hydroxide t- ¢ definite red onéd o:int
(M.te 3). acifity is oexpressed ns nslurity of nitric szeid.

ii-HNOz = McMuOH x vol. NcOH

v )-.o Sl )lb
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3. Notes

(1) For less concentrsted solutions than 10-12 i HNOjz,
u proportionate scmple can he tzken.

(2) Addition of potassium thiccyunute prevents the
precipitetion of HgO. When Mn is absent, only & k. .r.e ro=-
quired. With the mercury fortifying solutivn (1 ¢. HgO per
*il.) it is necessary to use 30 il. of KSCN t: prevent the
precipitatisr of HegO in & 1l-nl. sample.

(3) Orcinarily this is 2n exceedingly sherg end
puint. The cclor is hard to Zetermine, hwoever, when nitr--
phencls are present. In these cascs, neur the end pcint 2
drop of indicator 1s added «lfter ciceh drzp -f allkeli; the
end point is reached when there is n- c¢:ler changco.

in Sclu

1. Szlutizns

Sulfuric Acid, cone.
Nitric Acid, cone.
Nitric fcid, 6 N (290 wl. c.nc. HNOz/1.)

Ferric Alua, sst'c. (140 2. FeNHq(8504)gp.12Hp0
c¢giss.lved in 400 =1. »f hot water. When cco-l
filter, snd make up to 500 ul. with & & #NOz.)

Standard Auncnium Thiseyanate, 0,1 N (7.61 .
NH,SCN/1.) (Stancardized egoinst a known
sclution -.f HzO in nitric acid.)

2. Proccdure

The acrcury csncentrati-n is deterndned in thoe
wanner described by Dowping ond Wright.Rl 4 2-ul. sanple -f
the unknzvn (N:tes 1 and 2) is ploettes int. & large tost
tube (25 x 200 mi.) znd @ al. of c-ne. sulfuric ccid is added,
4 burette funnel 1s inserted int: the mauth of the tube
(Note 3) clamped in @n ineclined position on & ring stand,
and the solutiecn is boiled until fuces ~f sulfur trizide
are evolved, The s lution is =1llowed to enwol somewhod, obrut
0.5 ml. of ¢mne. nitric zecld 1s auded crutioucely, and the
s3luti:n cgain fuinec. The od8itin - wnitric veid ond
fuming ure rezeated until al) wrgande mutter hes been destroyed
and thoe soluticn is cul-orliss (Note 4). Tw: such fuaings are
usually sufiicient. Th: solutlon is ¢:2led under the ton and
washed into a 250-m:1. Erlenicyer flesk vith 100 wl, :f woter.
The resulting . luti n sh~uld be colorless.

Twe williliters 0 fereice wiua incsiestor nd 5 L1,
£ 6 N nitric seld are 28Ced, ond ine 2-luti n cocled boleow
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20°C. 1t is then titrated with standard ammonium thiocyanste
to the zppesrance of a peraznent pale-brown color (Note 5).
?he mergury concentration is expressed in moles per liter
Note 6).

i Hg*t = _N NHgSCN x vol. NHaSCN
£ x vol. scmple

3. Notes

+

+
(1) For solutions less concentrated than 0.5 K Hg ,

a larger sample mey be taken. In such cases it is advisable
to evaporate the sample to z small volume in sn evaporcting
dish before the digestion period. Concentrution in the test
tube is virtually impossiblc because of the vielent bumping.

(2) 1t is desirsblc to determine the concentration
of the mercury fortifying solution by weight. A 0.4 g.
sample is welghed out from o Lunge pipette und titrated with
ammonium thiocyanate standerdized cgsincst o knowm welght of
HgO.

(3) Thz use of 2 burette fumiel reduces to o
large degree the loss of mercury by entriinuert in the sulfur
trioxide fuumes.

(4) Sometimes u pzle yellow 2alor persists oiter
all the nitrophcnol is destroyed. If ringonese is present
a pink color uey develop. The destruction =4 orgoinie uitter
is complete, however, if the sclutisn 1s eolerless vhen
diluted. In the absence of wrganic wmotter, this digesticon
mey be omitted.

(5) 1t is dcsircble to cerry ut thic titrati-n
in & enld concentrated selution. The ¢nd peint is more eosily
abserved agoeinst the backgrundé =f whit: HgSCN which pre-
cipitates nesr the end point.

(8) For the very sacll uarunts of warcury (.01-.05%)
which may be present in the nitrophenclic procucts o omicified
pr-cedure is employed, as follows:<l

A weighed scuple (absut & £.) is decomposcd with
10 ml. =f eome. sulfuric acid cnd 5 wl. of 70% rnitric zcid
in ¢ pyrex 100-ml. Kjeld:hl flcsk. The aixturce is meiled
carefully, with adéditin .f = bh:ilin:g chip, t.. the uppetrance
»f sullur tri_ xide fumes. The s»2luti n is 21lcwed t ool 1
sumewhat, £ nl. > c-nec. nitric =2cid is cdled, @nd the b.oiling
to sulfur tri xide fumes is repetted. The digesti on is re- -
pested until the s<luti n is nourly cilurless. 1t is then
diluted, ¢nd titrated@ with 0.05 N wuii.nlus thiceyzntte in o
mier~burct, usipg ferric 2lus ws the indicat:r, The rceults
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are exonressed &s per cent Hg@ by weight.

% Hgo = vel. NH4GCK x N NH4SCR x 10.08
wt. soumple

For small concentrutiﬁnb of nganese, Downin:
Wrigh% heve described =z satisfactory .;tho* >f onalysis
anéificc frow the LSTH anaﬂniun pcrsulf'te-ﬁrSantc zthod,
With the nizher concentrutlﬂns of usngonese used in thg con-
tinucus extractirn ueth:¢ of cxynitretion, the well-inown
sodium bismuthete nethHyd proved to be wicre c-nveniznt nnd
accurate.33

cnd

l. S:1luti:zns

Sulfuric Aecid, conc.

Nitric Acid, canc. »

Sodiwa Bismuthat:, solid (8&p WaBiUz; Bulor's
antlyzed

Nitrie Acid, wesh (20 ml. cone. HNOgz/l. vat.r)

’

Stoendard Ferrcus amucniun Sulfcte, 0.15 I (52.1 ».
Fc(NH4) (uOé)d.e‘iﬂO/-. + 1& wml. ¢-ne. He UO/,_)
(Standordized nyuinst stonderd Elindg)

Stendurc Potassiun Pe zongintte, 0.15 N (5.0
KinO4/1. B:il for 30 :inutcs; cool; let s “nd
24 hrs.; filter through Go.¢h .r sintere) &
crucible) (bt: nc”r'*uv: sgainst ¢ diuvn oz

2. Pr:cedure

A g-rl. sample (MNotes 1 and &) is pipetted v
the unkn:iwn siluti-n snd the .rganic witter is Jestr:yoc in
the asnmner Jdaseribed fr the rercury cnclysis. The e+lé
sulfuric zcid s-luti-n is then washed int: o 500-:o1. inﬁine
flask with 75 inl. »f ‘u.er, end 25 ml. o e-nc. nlirvie ceir
is 2ddad. The solvti-on is 0.1l to 10-15-C. in “rn ice bath,
anc. 1.4 g. »f s~ﬁiuu bissuthute is o G ull st nce. The
c:ntents »f the ask nro oasgitnted bLriskly for 1 minute
100 ml. of Vutcr i1s cicded, und the execess s ¢iuxs Pis‘uthf
is sepz roted by Tiltrnatl n tnr uzh ¢ sicterss gluss furnu;.
The flaok is rinsed out .no the precipitote weshed with 60 Ll.

T ¢ilute nitrie wcic ’“) until the wost 1o ¢ :lorless.

T the e sbhbined filtroter is nd2ed 50,00 @l, of
standar? ferr.ous comrniuc sulfote.  The nenrly ©.lorless
stlutir is bwuck titrzted with strroerd prtuseiun perior.inste
t- o pink <ad point.

SO
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A tlzn% run is carried cut by mixing 50.00 ul. of
stendard ferrous aommoniuiz sulfate with 125 =l. of water,
&¢fing 25 ml. of cone. nitric zci@ ¢iluted with 60 ml. of
wagh nitric gcid, and titrating against stondord potzssium
permangsnate. From thls value 1s subtroeted the voluwan »fF
permangenate usaed in the deterwinztisn of the unknown, to
#ive the volume »f perincngznote equivalent tu the annginesce
present in the unknown sample. The concentration of duneinise
is expressed in ucles per liter.

N K¥n0yg x voi. KilnO4q recuired
5 x vel. csaizple

3. Notes

++

(1) For s~luti-ns less concentreted thun 0.5 ¥ un’

& larger volume ni unkpown woso tulen Tor snclysis.

(2) For nmanganese fortifyins s:lution, the de-
termination is ecrried cut n o sauple (0.5 3.) welghed frea
a Lunge pinette.

The Aetermincti-n of Jinitr-phensl in the zeidie
pr2ducts is based up-n the Koppeschear tlitroticon mcthod =zs
worked cut by Cr. E. C. Vagner of this l-hbur-tzry. The
£~11lowing reactisns are invslved:

6 KBr + KBroa + 6 H¢l

————3 3Brg + 6 KC1 +

OH
Nz 4 gy, Br-OreoE —

OH

NO

(excess) Brg + & KI ——>~ I, + & KBr

& Nol + N?"-ESIJ‘()B




1. Solutions

Sodiuu Hydroxide, 0.5% (5 g. NaOH/1.)

Hydrochlorie aAcid, conc. _

Koppeschazar Solution, 0.15 K (4.2 z. KBroO
60 g. KBr/1.) (Sturdcrdized =gesinst &
Sodiunm Thiosulfate)

Potzssiua Iodide, 5045 (400 g. Ki/400 :.l. ls0)

Stendard Sodium Thiosulfszte, 0.1 N (S£.8 z.
NaoSp0z.5Hp0/1.) (Strndardized zgoinst
potzssium iodated4)

Starch)Solution, 6.5% (2.5 g. snluble starch/500 nl.
Hy0

.

&

4~
At

- e
fienr

2. Procedure

A weighed sciple (cbout 9.2 g.) (iicte 1) of the
urknown is placed in 2 500-mi. ivdlne flacsk ¢nd dissolvea in
xn excess of dilute sadium hydroxicde (chout 15 ::1.) by herting
t  the b:ziling voint (Note £). The wells of the flacgk =re
washed dovn with 25 nl. of wzter wunt the eontents f the flusk
bsiled until s:lutisn is cumplete. & Srop of phensighthnlodn
is addecd t- ceternin: il an execess of ~lkzli is present. The
s-lutisn is tnen d¢iluted with 100 al. f wrter ond ¢ ~lad -
15-20°C. (N:.te 3).

T the ccl? wlkoline s+luti n is céded 25,00 ol
-f Kepneschaur solution froao o pipette, enC then 5 wl, ¢ f
c nc. hydrochloric zeid (Kote 4). The Flask is stoppored
immedintely, the c~ntents nixed by swirlina, ond o11l-woe Lo
stend in 2 derk place fir 10 winutes (N te 5) with .ceczi nul
sheking. a4t the end »f this tine the strppered {lask is
ci.led tu ereste suctirn. Five nilliliters o f potzssiun
i:¢ide s7luti-n is pluced on the flange of the 1-Cine {lask,
ant 2lluwed t.o Jdrelin int: the flosek by 1o sening the st vper
slightly., In th- stme manner the walls 1 +he flask aro
vashed d>wvn with 2z sizll s unt of water. The st pperel i'luck
is shaken tou diss-lve 21l browine vopors.

The liberated iodine is titroted with stondard
sudium thissulfate sclutisn. Nezr the end pedint © 0l. ofF
starch s:luti:n is adled. Tha ¢n’ porint 1s rezcla:d whon
the stuerch-i~dine c¢.lor fsrppears znd is ronloce’ by @ pole
t: bright yecllow colzr. The pole vellow precloitote vhich
usurlly appecre is 6-brur-£,4-"initr: hentl, <ad cuuses no
interference.

A blenk i cerried cut in oxnzetly the stow vnner,
“uittine the scoule, b deteroine the voluie of stindured
s iun thissulfote equivalent to £5.00 L. of stendord
K-ppeschiaor &-luti m.e (It is n.t ncecss rv thot the “loirk
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deternination st:nd longer then 5 uinutes.) The volune of
sodiun thioculfote solution reguired for the blank winus
the volume reguiredé for the unknown suuple is eyuiv-lent
to the bromine consumed by the DNP present. The rosult is
expressct as per cent DNP by weight.

4 DNP = 100 x vol. Nag€g0z x N NugSglyz x 0.0€x0556

weight of szimple
3. Notes

(1) For samples contiining less then 507 DNP
larger saaples (about 0.3 2.) of th¢ unknown cre cesirable.

(2) Do not boil unlecss there is un excess of
alkell present, since TRP is iost by stews velatilizoticn,

(3) A secondory reczctliun cccurs uat &« higher
temperaturce in vhich one of the nitro groups is reploced hy
bremine. Tikewlse the nitre groups in pieric zeid zre
attacked by bromine, the rate of rcactirn being wceolorstel
zhove 30°C,

(4) The hydrachloric seid ean be zcasurcd inte
test tube beforehond ond zdded £ll zt once.

(5) & pericd of revction longer then 10 ninutces
gives high results in wdxtures c-ntoining PA, sresanchly
caused by the rcploceaent »{ the nitre groups in the o leculo
by broumine. Althwugh the broriincti.n 1 DRP is o very ropid
resction, it is cdviszchble to let it priceed for the length
of time specificd, in -rder to ot siore fecurnte und rie
prducible results,

Anzlysis for Ph in LNP-Pi Mixtures

Tw: uieth. s are zcveilabhle © 1 th:e estiunti n o f
PA in the nitrcphen-lie jroducts fro. the oxynitrati-n ro-
asction. The mrre eccurzte -~no inv.lvee procipitati n o vith
nitrcn end weighing as nitr-n picerzte. DNP is Jdeteruined by
difference, The werkers at Sichisan n.ove uced this Lothd
exclusively. Nitric acid >r nitrates will interferc,® .= docs
DNP if the cunditi-ns frr precipitstion cre n.t curcfully
cntr:llec. Since the exgericental w.rk ot Pennsylvanis hns
becn conecentrated n the procdueti n of ENP rother ther P4,
resulting in proluets high in DRP content, it scenee re z0e
vistble to deternine CHP directly by the K-oppeschunr titr.tin
Jethod, znd t: caleulnte the DA content by wifforence.

The thor wceth¢ f.r the dotertinatin o P4 is
used in e nijunction with the K Lpcschasr titvatl oo coth O,

CORFIDRETIAL




It inv-lves adding an excess »f standard zeid t: & s-oluticn
>f the nitrsphennlic unknocwn diss»lvad in en excess =of
standard alkali, and back titreting with stuncard buse to

a phenelphthalein end point. The ¢isadvantage »>f this in-
Cirect meth»d is the difficulty in determining the truc
equivalent point, and the depencency wn the INP determin Li
The matho¢ feils when the urknown 1s very high in INP. Tnds
weth.¢ was worked o2ut by Dr. E. C. hwégner.

l. Seluticns

Standard Sodium Hydr-xice, 0.1 N (4.0 NaOH/1l.)
(Stuncerdized against potrssiuw acid phthulate)

Standard Hylrochleric Acid, 0.1 N (9 1. cwnc.
HC1/1.) (Stzndardized egninst Stonderd S-Jian
Hydrsxide)

Phenclphthelein S:lution (1 z. vhenslphtholcin
diss-1lved in 50 ml. »of 2lc h-i wne Jdilutoed
with 50 ul. =f water)

2. Pracedure

A weighed sample of the unlincvn is lucer in =
500-ml. flask (gez yrocecdurc for deterainzti-n «f DNP) =nd
Adissolved in an excess f stuncdard s-diua hydr-xide (2b-ut
20.00 ml.) by hezting t: the builing print. The wolls f
the flosk are wsshed down with 20 ml. of weter, snd the
srlution is holled gently until the ssanple is 2iss.lveds
Three drops ~f phen-~lphihalein are added, aoking certain @n
excess ~=f alkell is present. The =:luti:n lgs Cilute” vwith
100 ml. .f water, cnnled to roos teucerature, ind on oxeces
~f standcrd hydrochlsrice acid is axdded. 1t is then biek-
titrated with standsrd ssdiun hydroexide t3 the phensl htholein
end point (Note 1). The determinstil.n .f DNP as deseriboed
g¢bove ¢an then be carried sut .n the sz le from this pint.
The P4 c-ntent is czleulated in terns & ;eor cont by woisht,

% PA = (Total val. NeOH reg. - vol. KuOH req.

for INP) x LNzOH x x.£91
wt. sample

v:l. NeOH rew. for DNp = & LEP X wt, sacgle
N N:zOH x 1.241

3 . N{..‘t"

€8s

(1) This ¢nd goint is inverlably Cifficalt t-
deteridne. It is advisable to overrun the end oint in

both directi ns until the _hoerver ie satisficé thit he knows
where Lt is leceated. 1t is ulso zévantage us t have © ¢ -lor
stonderd for ecoaperison, mode uw of kncwn jurntitics Lt

-

muterial,
CCRYIT.ENT T




Analysis of snecild In Gas sbsorption Tran for Hitrie scid
and Potentlsl Nitric Acid .

The guses procduced in the oxynitruation recetion
(Cog, oxides of nitrngzen, Oz, CO, nitroien, entrained benzen:)
are passed throuzh a trap consisting of cone. suliuric =ci
and 98% nitric acid. The oxides of nitrozen (exceit nitroar
oxide) and the entrained benzene are abscrbed as nitroeyl-
sulfuric cecid and m-dinitrohenzene respectively. Tie re-
inaining gases are passed through a water tra; to serub cut
ony acid fumes which m2y have been carried sver, and
c~llected in 20-L. carheys by the downvard displuzccusnt of
a strong salt soluticn. The neutral goses cre watlyzet os
described below.

For zu nitroesen boianee 1t is ncecessary to ascertsin
the aicunt ~f nitrous guses sbsorbed in the scid fuace-tran.
This is accumplished by cnulyzinz o Xnien weight o the o2cid
scluti:n before and after use, by the Lunge nitroveter neth &,
This -aethad depends upsn the gquuntitative c-nversion of
nitrates end nitrites (includin,; nitr-osylsultfuric secic) int-
nitric cxide, in the nresence ~{ uiercury und c.nc. sulfurie
seid, os follcws:®d

2 KNOz + 4 HpS0q + 3 Hy = KgSOg4 + & HgisOy + 4

1. S~luti~ns aznd apperatus

Sulfuric Acid, ccne.
Lunge Nitrometer filleé with :ercury

o

£. Prucedure

The prcecdure ls the scime as that describue’ Ly
Lunge and Ambler.8® [t involves ;lsein? o veighed soiumle
the ungnown (fro 9 Lunge ;ipette) whlch will sive sh-ut
50 xl. of gos in the usper cup L toe nitroscter, uixing
with 5 ml. =f c.one. sulfuric seid, drowling the aixture int:
the nitroncter through o st.ojcock, rinsing the cur with & ol
°f etne. sulfuric ceid, draving this inte the nitracctier,
closing 21l stijeocks, shoking the grodusted tuhe until the
evelutin I nitric :xide ceuses, wnd aeasuring the volusne
»f gas yroaduced, as ston oo the gue esmec to roaon torersture
and is odjusted to stu s horie pressure. ot 5.7.2. ne ol.
“f nitric oxide is equivalent t. £.816 =y, f nlitric ccifd,
Fur canvenience the rosult ic expressed in terss of LOO%
nitric zecid, ner cent bty weizht in the tre . s-luti-ns. The
nitric wci¢ eguivalent to the xidce [ nitr gen (excot
nitr-~us .xide) fopacd curing thoe rocetion is euzl &0 the
difforence in HNOz e ntent bef re ond ofter the oX/erirent.

Colie I LFTISL




Colwr L Ls o H .[ I‘TJ

vy =

760 (1L + 0.00367 t)

volune at STP, isl.

observed volune, xl.

baronetric pressure, .
obscrved temperature of gas, ©C.

% HNOz by wt. = 100 x .00z616 x V!
wt. sauuvle

Analysis for Gases Evolved in Oxynitration

The residual, neutral, ¢nd insoluble guses colloctoed

<

in the run, counsisting or €Oz, CO, Oy, NgO, znéd o, are

sompled und rpalyzed in +m ordinury Or“ct apparatus in the
usual manner.

1. Solutions

For CO¢: Potussium Hydroxide (600 g. KOil/l. Hof;
for use dilute & vols. with & vols. 1e0)

For O0g : ilkaline Pyrogeliol ($00 7. wyregsllic
acié/1. Lz0; for uce dilute 2:1 witn KOH,
600 g./1. H:0) '
aci¢ie Cuprous Chloride (240 g. CuCly.iB.0
éissclvec in 600 al. conc. HCTL smd re-
duced vy cdding 190 ml. setld zolution
6nClz or untlil solutlion ic celorless.
Tu¢ stonncus chloride is sronoerced by
trecting 200 g nmctellic tin in HaN-:l,
flask with ecne. HCL until nsu oore tin
zoes into solution.)

The ges remaining «ftor COg, Og, snd CO have been
¢bsorbed consists of NeO end Ny whieh o not nocd to be de-
termined separately £-r nitrogen bhalunces.,

The results are exprosged in terce 28 cor cont Y
vclume,

Anzlvsis of Oxynitrati.n Soluti-ns for Oxslic scid

The znzlytical proccedure v cutbr dnivg cxulie
2¢id in the osxynitration liquor reperted Dy aucl"nv~7 Iave
low results in this lsboerctory.,  alter ceveral oo dificstl ns
sf the orisinel procedure eontinued to glve low results, it
wes found thet the preccenee . wngonese Lo the aynitrotion
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ligquor crntalyzed the deco:.punsition of ox:.lute ion cduring

the deterninzticn. Accordinzly the following procecurc vos
acopted in which the wethod wose ealibruted azzinst solutions
conteining knovm zuounts of oxulic ncld snd known varying
aiounts of mon:iinese.

Solutions

(z) Oxczlic Acid Solutinsn. Hine grans of oxalice
seild hexahydrate was dissolved in 100 wl. of distilloec wotor
znd the exact oxalate ion concentraticon wus Qetcririned by
the permancsnate titration ss deseribed in part 1L of the
Pr xcccure.

() Nitric Acid. Four hundred :illiliters of 706
nitric acid wuas acdded to 54 ual. of distilleé wator.

Qc) ilerouric Nitrste — Nitrie seic S:xlutiou. One
hundred ercus of mercuric <xide was (issclve? in encuch 703
ritric secic tz neke the “*t 1 v»luac 100 :al.

(&) szngan.us Nitrote Sclutivn. Pakert's CP 798

2ongsnous nitrate hexshydrote aguesus sclation wes usaed.

Sodiuvi dcetzte - Caleiw: Nitrote Seluti-p. ..
s»luti~sn contairing 400 2. széiuvw 2cetatce trihydrate wnd
40 3. ~f culeiun nitrete trihydrate per liter wis praparad.

Procedure (Calibrotin o€ Hethod)

(0) Procipitati-n =f Co
Five nilliliters »f niteic acid scluti-n (L 15 Lo
ints £ saall boaker. One milliliter o oxalie -2eid salution
() was added followed by 0.60 ul. =f the wurcuric nitrato
sclution (e) with stirring. The Cesired quentity of ooppon us
ritrate solutisn (@) was then guickly zdded, 1°11 wed
quickly with £7 1al. ~f the scdiur acetate - caledlum nitruto
s>luti'n (e). The sussensi n was cll wed t- stoné at re.r
tesperature in the durk f.r 35-40 wsinutes. The s.1id wlxture
2f ~xzlates was cocllected by filtrsti;n on & [ine sintored
glass funnel znd the residusl ¢ ntents =1 the sunll booker
were wached int> a 260-m1. Lrl onﬂuvgr firosik to be uses v
the subseyucnt titrati n. The residue p the filter was
dissalved in three 20-al. portions of £ N hydroclldlaric neid,
The filtrate was added to the c-ntonts in the Erlonocver
flesk, diluted with 100 wl. :f distilled woetsr, ond the
sanle was titrated with stundar? pormineonstoe s dascribe?
below,

; Since it woe {and
atg Vxlﬂri‘bntu that sulfurice seid did vt e apletely
ve the mixcd ~xslotes wn the filter (sce ot & theve),
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hydrochloric acid was used instead. The following nociflad
perimenganate titration was therefore used. The solution

to be titrated was warmed to 40° znd the 0.1 N permanganatc
solution was added dropwise until sz pink end point lasting
longer than one minute was obteined.

The vermangonate solution wes stundarcized ciris .t
weighed amounts of primery standard socium oxz2lateo <dioolvis
in 150-175 ml. of distilled wzter containing 10 wml. 2f con-
centrated hydrochloric acid. The titration was carricé -ut
at 35-40°0 C. in & dropwise fazhion z2s Cescrited abeve.
Standarcéizations by this procedure usunlly agreod with
standarcdizaticns by the usuzl hot titreticn mcthod within
0.1 per cent.

Variatin é : Presence of Banzariesc.
The anount of cxalate found varied considerably with the
amount of nanganese present. The neth.d cutlined abeve was
found to give duplicable results which varied with the
nanganese content ¢s ©ollows:

o
Mn"" conc. Per cent
(rizlar) sxzlic zeid
(in oxynitrztion soln.) zeecunted for

0.0
0.29
0.55
0.70
1.19 one deteririnaticn)
1.57 > preeipiteiion)

It was shown that the effect 2f wengonese was
fue t~ the destructinn »f oxulate In the prescnee of oo
as well as tc incomplete precipitaticn o culceiu: and Lercury
>xalates when nanganesc was present. In several oxperinents
the sample was prepored as deserlbed in 2 of the yroceedure,

1TENGEC

the filtrate from vhich the culelun nud sercury xel:stes

had been removed wae titrated with pernecnzanotce ns was the
precinitated nmixed »xvlotes. Wwhile the ~xolate ¢ nbent - f
this filtrate was sppreciable (at C.70 i ueneanese rnd hizher),
the sum of its titroti n und the titrati n of the preei ditted
oxzlates was not equivalent to 100% of the oxslete wriinnlly
vresent, indicating lestructin of the »walote i.n furing

the determinaticn. The sum f the Cetercinti-ns of the
oxclate in the filtrate and in the reelpituted - walates
usually ranced wetween 85-954. ‘

Deturminztion of Oxslic acid irn Used Ouypitrati.n
Licucr. The £911lowving prococure was used o deteroine the

xelic acid content Juring oo after several runs cuad: in
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Extractor No. 54; Abtout 15 1l. of sample was reaoved

and chilled to 15°, filtered, 2nd 5 ml. of the filtrate =t
20-21° was pipetted into 25 ml. of the sodium acetate -
calcium nitrate solution (d). The csuspension was zllowzd

to stand at room tempercture in the dark for thirty-five )
minutes after which the precisitzted oxalates werc collccted
by filtration znd deternined us outlined above. Corrcclinns
for the effect of mingunese were cbtalned from the tatle
above.

A rough check was made on the accurucy of the
oxalate determinstion in @& used oxynitration licuer. A
liter portion of the oxynitration liquor from Run 5:-6
was heated under reflux in the presence of wangancus nitrate
solution. The evclved gases wecre passed through the ab-
sorption train described on page 19 ond the neutral goscs
were collected a&nd anzlyzed in the Orsat gas snalysis
apparatus. Assuming that all the carbon di-xide founc was
fermed from the oxalic zcild prescnt st the end of the run,
the oxalic aci¢ concentraticn was 12.5 g. per liter. Since
it is probable that cempounds 2ther than oxalic acia
decomposed to cerbon dioxide in this experimeant, this yauntity
is in fair agreement with the concentraticn oF 9.3 g T
liter found by the precipitatiosn actheq.

Analyels of Oxypitratizn Sglutisns for Nitrous Acia0
Sclutizns

O-Ncshthylanine deotute - Biil o« suspensiosn of
0.5 g. of -naphthylesaine (roerystellized from dilute
methanal) in 100 ml. of water for five minutes, filter
through cotton into 2850 ml. of glucial acetic acid, ond
dilute to 1000 ml.

Sulfenilic Acid - Diss=lve 2.3 g. of sulfrnilic
acid (recrystallized frum water) in 750 ml. =f water by
heating, =znd add 250 ml. -f gliciel ccetic zeid.

Standaré Sudiun Hitrite, 0.0001 i - DPissclve
3.45 g. of scdiun nitrite (99.8%) in watzr »nd dilute to
500 ml. Dilute £.00 ml. »f this sclutien tc 2000 ml.
Standardize by titraticn zgainst o stapdszrd saluticn of
Chloramine-T.

Procedure

Standird color - AAQ 2.0 aul, of stendard scdium
nitrite tc a mixture »f 5 @), :f Orughthylanine solution
and 5 ml., =f salfznilic zeid selutisr.., After 10 :inutes
at 20° deteralne 1og Io/1 <t 525 mp, using ¢ spectr. hot meter
such as the DBeckran. ucecessive ailutivns  f the stundard
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sodium nitrite solution glve the following concentratioas
of solutions used for calibration:

1 x 107°
2 ¢x'1079.
5 x 107
10 x 107

Unknown - A 2.0 ml. sample (spprox,.0.35 M HNOy) is
diluted to 500 ml. with water containing 4 mi. of 6 N codium
hydroxide (to neutralize the strong nitric acig¢), end £5.0 ml.
of this sample is diluted to 250 ml. & 2.00-ml. scrple of
this solution is treated with the developing rezgents =s
with the standard solution of sodium nitrite. The concen-
tration of HNOg i1s determined from the culibrstion sraph.
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