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OSRD No. 4025 

Division 8 
NATIONAL DEFENSE RESEARCH COMMITTEE 

of the 
OFFICE OF SCIENTIFIC RESEARCH AND DEVELOPMENT 

THE CXYNITRATION OF BENZENE TO NITROffiENOLS 

Service Projootj    NO-117 

Endorsement (l)    from Dr. Ralph Connor,  Chief,  Division 8 to 
Dr. Irvin Stewart, Exooutivo Scoretary of the National Defense 
Research Committee» 

Forwarding report and noting! 

"In 1942 heavy demands for phenol threatened to reduce 
critically the amount of this material available for the 
production of piorio acid and ammonium picrate.    The Navy, 
therefore,   requested Division 8 under Sorvioe Project NO-117 
to reinvestigate the oxynitration of benzene.    This  process, 
the direct conversion of benzene to dinitrophenol and/or piorio 
acid by treatment with nitric acid and mercuric nitrate, would 
eliminate the necessity for using either phenol or chlorobenzene 
for the manufacture of picric acid and ammonium picrate. 

"The work of Division 8 on the oxynitration of benzene has included 
both studies of the mechanism of the  process and studies directed 
toward the development of preparative procedures.    The mechanism 
of oxynitration has been established and has been described in 
OSRD-3154 and 4024.    Preparative procedures, batch and continuous, 
have been developed and are described in OSRD-4026 and in the present 
report. 

this report is concerned primarily with continuous oxynitration 
processes.    The most successful of these is one in which excess 
benzene continuously extraots organic produots from the reaotion 
mixture.    Tho yields equal or exceed those obtainable in batch 
operation,  and the losses of mercury catalyst are minimized.    Data 
on the effect of varying experimental conditions aro described, 
and experiments on the mechanism of the  procoss  are presented« 

"Inasmuch as the expected phenol shortage did not develop,  none 
of the procedures described in 0SRD-402J> and 4026 was  put into 
pilot plant operation. 
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OSRD No. 4025 

Endorsement (Continued) 

"On the basis of these laboratory investigations,  it is 
believed -that the oxynitration process con compete successfully 
on an economic basis with other known methods of making picric 
acid,  but this can be established definitely only by pilot plant 
studios*    In any case,   serious  consideration should be given to 
this process,   if and when a need arises for the creation of 
picric acid facilities over and above those already in existence. 

"This is the last report to be issued by Division 8 on the 
oxynitration roaotion«w 

This is a progress report under Contraot CEMsr-646 with the 
University of Pennsylvania. 
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ABSTRACT 

An extensive reinvestigf?.tion of the oxynitration 

of benzene to L,4-dinitrophenol and/or picric acid by re- 

action with nitric acid-mercuric nitrate solution has been 

carried out in collaboration with other groups. 

A new procedure for continuous oxynitration of 

benzene to dinitrophenol (with some picric acid), utilizing 

the continuous liquid-liquid extraction principle, has 

been developed under this contract: an excess of the organic 

reactant, benzene, serves to remove benzene-soluble organic 

reaction products from the solution in which they are formed, 

eliminating the necessity of interrupting the operation of 

the reactor while products arc: removed. Xields of nitro- 

phenols equal or exceed those obtained by batch procedures, 

and losses of -aercury catalyst £.re minimized. Dr<ta 

illustrating the (.'.f'fects of experimental variations are 

describee". 

A number of batch "xynitration runs are described. 

Previous work >n the mechanist., of the oxynitraticn 

reaction is reviewed, and new experiments which throw light 

:n the mechanism have bean carried cut. 
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i.. 

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 8,4-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, picric 

acid. 

Purpose and Results of the Present Investigation.- 

During 194&, the heavy demand for phenol seemed likely 

to create a shortage of this material for the manufacture 

of picric acid and ammonium picrate. A service project, 

NO-117, directed the r©investigation of the oxynitration 

reaction as a possible means of manufacturing picric acid 

directly from benzene. 

Vnork under Contract OEMsr-646 at the university 

of Pennsylvania was directed to a study of the oxynitration 

reaction 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 carried out in collaboration with other 

NDRC contract groups 'it the universities of Michigan27»28 

and Chicago.25»26»27 

Studies-at the University of Pennsylvania included 
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a reinvestigation of earlier work on batch processes, sn 

investigation of the reaction mechanism, and eventually 

the development of a new modification of the oxynitration 

reaction which has been called the Continuous Extraction 

Process. This-report is devoted chiefly to a description 

of the Continuous Extraction Process. 

The Continuous Extraction Process.- In this 

process benzene is introduced into the nitric acid-mercuric 

nitrate solution through a cluster of glass jets by which it 

is broken up into small droplets. The dispersed benzene 

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 

supernatant benzene extracts are removed continuously, 

processed to remove reaction products, and the benzene is 

returned to the reaction mixture through the injection jets. 

The reaction mixture is fortified continuously with 980C 

nitric acid to maintain uniform acid concentration. The 

expansion in reaction 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 yields 

and the quality of the nitrophenolic products appear to be 

comparable to the yields and quality obtained in batoh runs 

under similar reaction conditions, it appears to be possible 

to reach and maintain an essentially steady state within the 
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reactor with respect to the concentrations of reactants 

and products. 

C 

Types of Procedures Used for the Oxvnitration 

of Benzene.- The nitric acid concentrations used for 

oxynitration in the present as well as in earlier 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 bs distinguished: 

Type 1. Complete Disappearance of Benzene. 2.4-Dinitro- 
phenol (DNP) as the Major ProductT 

Benzene is agitated with a considerable excess of 
oxynitrating solution at temperatures usually in the 
range of 50-60OC. until all benzene disappears. 
Crystalline DNP is isolated either by chilling the 
solution to precipitate the product or by extracting 
with an immiscible organic solvent. 

I ype £.    Complete Disappearance of Benzene. 
PA)  as the Major Product" 

Picric Acid 

Similar 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, oxldative 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. 

Type ?. Partial Reaction of Benzene. £.4-Dinitrophenol 
as the Ma,1or Product. 

An excess cf benzene is allowed to react with the 
oxynitration solution under mild conditions, 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. 

Type 4. Partial Reaction of Benzene. Picric Acid as the 
Major Product. . 

When high concentrations of nitric acid are used or 
when manganous nitrate is added as a catalyst or 
with any of several other special modifications of 
conditions, a considerable proportion of the DNP may 
•be nitrated to PA even though some of the benzene is 
not consumed. This is true of certain variations of 
the Continuous Extraction Process. 

Historical.- The oxynitration of aromatic hydro- 

carbons was discovered and patented by Wolffenstein and 

Boters1 8 bout 1906. Earlier patents described a mercury- 

catalyzed hydroxylation of aromatic compounds without 

nitration.2 Subsequent publications of Wolffenstein and 

collaborators^ provided further details of the reaction. 

Curing and immediately following World War 1, 

investigations of methods for the preparation of picric acid 

from benzene by "the oxynitration method were carried out 

in France,4»5 England,6»7 Austria-Hungary,8»9 the United 

States,10»11»12 Canada,13 and Germany.14 

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 Chemical Company of America, Inc., 

and together late in 1918 they carried out limited pilot 

plant investigations at the Nixon Nitration Works, Metuchen, 
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New Jersey, with financial support of the United States 
15 

Army Ordnance Department«   The results of several large- 

scale runs were considered promising, 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 I some further investigations 

of the oxynitration reaction were made at Picatinney Arsenal, 

but «ere discontinued in 1921 because the results indicated 

that the consumption of nitric acid would be high and that 

costly special equipment would be needed. 

More recently other papers on oxynitration have 

1*7 lfi 19 appeared from France,  Czechoslovakia,xo and Russia. 

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 reaction under mild conditions to form DNP. 

His reported yields were checked by Boyer^0 of McGill 

university. 

G. F. Wright,21 of the university of Toronto, 

began a study of the oxynitration reaction in 1940 which 

culminated by 1942 in the development of a process for 

producing picric acid on pilot plant* scale. Adams and 

Marvel22 of the N.D.R.C. checked and verified the 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 inede by 

P. Ferencz2' of the Research and Development Department, 

Canadian Industries Ltd. 

The Barrett Company, New Xork City, has studied 

the oxynitration reaction to produce DNP. A memorandum 

report on the Barrett Process, dated March 11, 1942, appears 

in s report from Picatinney Arsenal24 on the testing of the 

quality of picric acid prepared from DNP made by the 

Barrett Process. 

Conventions of Expressing Concentrations and 

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 

has been adopted as far as possible in presenting the data 

of this investigation. Concentrations of reactants are 

usually expressed in terms of moles per liter of reaction 

volume (M) rather than in weight percentages, the units used 

in much of the previous work. 

The use of weight percentages for solutions of 

organic and inorganic solutes in aqueous nitric acid is apt 

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

and other reports of oxynitration studies, when concentrations 

of nitric acid in aqueous solution containing various other 

solutes in addition to the acid were being considered, an 

empirical weight percentage has been used:  the "percentage" 

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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C 

molar concentration. Although the conventions have not 

always been 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 acid solutions in water at 25°C. and 

the molar concentrations as used in this report. This table 

is the basis also for the calculation of equivalent per- 

centages in reaction mixtures. 

16.0 
! 1 

15.0 1 i ^^ ■■" 

14iU 

15.0 

12.0 

— 

11.0 

1ft      A 

— 

> /. 

— 

9.0 

S 

8.0 

7.0 

^1- ■■ 

40 45 65 50 55       60 
Percent Composition by Weight 

Table I 
Relationship between the Molar Concentration 

and the Weight Per Cent for Solutions of Nitric Acid 
in Water at 25°C. 
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Reaction rates have been expressed in terms of 

grams of reaction product per liter of oxynitration solution 

per hour. This unit is easy to relate 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 temperature of the 

reaction. 

The names of reaction products are abbreviated 

as follows: 

2,4-Dinitrophenol = DNP 
Picric acid ■ PA 
p-Dinitrobenzene = p-DNB 
o-Dinitrobenzene = o-BNB 
Dinitrobenzene = DNB 
o-Nitrophenol * o-NP 
p-Nitrophenol * p-NP 
Nitrobenzene = NB 
2,4,2«,4'-Tetra- 
nitrodiphenylamine ■ TNDA 

I. THE CONTINUOUS EXTRACTION PROCESS 

(1) Reaction Mechanisms.- A knowledge of the 

sequence of steps which occur in the oxynitration 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 done by earlier 

investigators. Particular credit for work on the mechanism 
25 27 

is due to the group under Westhelmer '  at the University 

of Chicago. The contributions of the group at Pennsylvania 
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will be discussed in greater detail in a later section 

(Section III -B-C-D-3) . 

It is known that at least two alternative paths 

can lead from benzene 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 as follows: 

(1) + Hg(NO-)j Z'k, HgN03 + HN03 

(2) ^~\— HSN03 + N2°4  ^  ^~V-N«0 + Hg(N03)£ 

The mercuric nitrate is combined only momentarily and is 

regenerated as nitrosobenzene is formed. Other oxides of 

nitrogen than nitrogen tetroxide may be capable of reacting 

to cleave the phenylmercurie intermediate. The requisite 

oxides of nitrogen, if not present initially in sufficient 

quantity in the reaction mixture, are apparently generated 

by oxidative side reactions; once the reaction is started, 

it is possible th-t the later steps of the oxynitration re- 

action sequence continuously supply oxides to the mixture. 

The nitrosobenzene can react by two alternative 

paths to form nitrophenols. Path A is the more important 

in concentrations of nitric acid above 50$ and in low con- 

centrations of nitrogen oxides. Xields are good. 
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(3) 

Path A 

I        HNO3 f N-oxides 

N=0 

(Probably occurs in several steps; the OH group 
appears in the position para to the original nitroso 
group.) 

(4) 
+ HNO, ♦    Hg0 

OH 

(5)   f\xOz    + 02YY*02    +    H90 

NO« 

Path B is the predominant reaction course in con- 

centrations of nitric acid below 50J6 by weight; it is favored 

when the solution is saturated or neerly saturated with 

nitrogen oxides. Even under most favorable circumstances, 

the overall yields in P?.th B are rather poor. 

(6) 

(7) 

Path B 

+ 2N0 - 0 
♦ H20 

NSN)+(K0,)~ 

OH 

\ 
+ Ng  + HN03 
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(8) 
OH 

HNOi 

(nitrogen oxides) 0 
N02 

(and ortho) 

(4) Same as for Path A, leading to fc,4-DNP 

(5) Same as for Path A, leading to PA 

Some of the known or possible side reactions 

are shown in the following equations: 

(9) C6H6 + HN03  ^. C6H5N02 

(10) C6H5N0  Cp3 ^     C6H5N02 

(11) C6H5N0 V    HNO3  ^ [p] f  \     (and ortho) 

N02 

(12) NO (HNO3) OH 
-NO 

m 
02N~<^~^-N-^~X^N02 (TNDA) 

«Oft tio^ 

(18) C6H5HgN0g + Hg(M0s)a _^ C6H5(HgN03)g _^, polymercurials 

(14) CgHgOH + HN03 (and N-oxides) 

(15) C,.HC 
HNQ5 ^ (unknovn 

oxidation and 
condensation 
products of 
unknown structure 

C00H 
-e"6   -S4^- ^Intermediates) tl™   HNÖ5 -_ co2 + H2o COOH Mn++>   *   * 

+ N-oxides 
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(2) Important Variables.- The variables of the 

oxynitration reaction are numerous and not all of them are 

easily controlled. Before attempting a detailed discussion 

of the variations in experimental conditions, it is well to 

summarize some of the variables which our experience and the 

experience of other groups have shown to have the most 

important influence upon the yields and quality of products. 

(a) Benzene Concentration.- The oxynitration 
reaction occurs in nitric acid solution. If 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 important factor in determining the yield of 
nitrophenol and the extent of side reactions. Numerous 
experiments in the present investigation and in other 
investigations have shown that saturation of the oxynitra- 
tion solution with benzene gives relatively high proportions 
of neutral nitro products and colored by-products at the 
expense of nitrophenol formation, while low concentrations 
of benzene are much more favorable for the production of 
nitrophenols. Factors which indirectly influence the 
concentration of benzene dissolved in the oxynitration 
solution - the "effective benzene concentration" - are: 
the rate of addition of liquid benzene, the degree of 
agitation of benzene with the solution, the degree of dis- 
persion of excess liquid benzene in the oxynitration 
solution, the rate of removal of benzene from solution 
by reason of chemical reaction. 

(b) Nitric Acid Concentration.- The overall 
rate of oxynitration increases very rapidly as the nitric 
acid concentration increases. The kinetic studies of 
Westheimer have shown that this effect results from the 
great increase in the rate of benzene mercuration (Step 1 
of the mechanism) as the acid strength increases. Below 
approximately 5058 nitric acid (10.4 M) the oxynitration 
becomes impracticably slow and the diazonium mechanism 
(Mechanism B) giving relatively low yields is favored over 
the more efficient rearrangement mechanism (Mechanism A). 
Above 60$ (13 M) strength the reaction is so rapid as to 
be difficult to control, and there is difficulty in main- 
taining constant reaction conditions. High concentrations 
of nitric acid also tend to favor the formation of nitro- 
benzene and the nitration of DNP to PA. 
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(c). Mercuric Nitrate Concentration.* Con- 
centrations of catalyst have usually been in the ranee of 
O.S to 0.5 M. Other conditions being constant* the overall 
rate of oxynitration is roughly proportional to the molar 
concentration of catalyst. 

(d) Temperature.- The overall rate of 
oxynitration increases^by a factor of approximately 
1.8 to £.0 for each 10°C. rise in reaction temperature. 
The relative rates of the sain and side reactions do not 
change at exactly the same rate; at higher tenperatur.es - 
particularly above 60°C. - the formation of nitrobenzene 
end the nitration of DNP are favored. 

(e) Concentration of Nitrous Acid.- Nitrogen 
oxides must be present in the solution, otherwise the 
oxynitration sequence proceeds no further than the 
mercurati n >f the benzene. In 50J6 nitric acid, Westheiner 
has estimated that a concentration of total oxides of 
nitrogen eciulvalent to that produced by the addition of 
0.04 M nitrite would be the most satisfactory for high 
yields in the oxynitration reaction. This is probably 
about    one-tenth the concentration of a solution 
saturated with oxides, ond  is about one-fifth that of • 
the solution under the conditions of the best run of the 
Continuous Extraction Apparatus. Experimental difficulties 
have prevented e more critic: 1 ev^luati -n .f this variable. 

(f) Concentrations of Reaction Pr.ducts.- 
In batch runs tho accumulation of roacti'n products 
necessitates tho periodic interru^ti n of üperatien to 
permit removal of reaction ,.T'. ducts. In the Continuous 
Extraction Process, organic products ara removed at the 
same rate as formed once a steady state is renched and 
minimum residual c '/neentr.otions of nil products are built 
up. Tho removal of water formed in the reaction is pro- 
vided f r by th:o periodic withdrawal of snail portions of 
reaction solution ^n0  concentratorn of these portions by 
distillation. Oxalic 'cid, a by-product, is prevented 
fr.-L accumulating beyond a definite minimal concentration 
by the presence of mangan us nitrate, which catalyzes the 
•xidati n of tho oxalic ocid to carb.-n dioxide by nitric 
acid. 

A number of considerations limit the ronge 
of conditions under which the rxynitration process can 
be Jpercted ^v: ctic^lly. It was mentioned unc\-.r the heading 
Nitric Acid C ncontrr.ti n that a 50$ (10.4 M) concentration 
is approximately the- 1 .west that should be used. The 
foctor which most limits the reaction in the direction 
f more c nccntrated nitric acid is tho1 rate of accumulation 

of reacti-n products and by-products. The continu us 
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extraction equipment developed under this contract is 
capable of removing the major organic reaction products 
at quite high rites of reaction. 

The problem of the accumulation of the by- 
product, oxslic acid, is more difficult. A concentration 
of 0.5 M manganous nitrcte was founc? to be just sufficient 
to destroy oxalic acid when the oxynitraticn was carried 
out 3t the r?,te of approximately 30 g. of dinitrophencl 
per liter of oxynitraticn solution per hour. 

B. Final Laboratory Extraction Process in the 
Nc. 5A Jet Extractor 

!' 

(l) General Description of Process.- The oxyni- 

traticn solution is made up in the same way as far batch runs 

under optimum conditions (details are presented in a later 

section); numerous batch runs served to guide the choice of 

conditions. The benzene is injected into the reaction mixture 

near the bottoia -f the vertical cylindrical ruacticn vessel 

through i  cluster of capillary glass jets in the Ho. 5A 

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

model). The size, cf the disperse':1, benzene droplets and the 

volume of throughput of benzene is regulated, following the 

experience of numerous pilot experiments, so that less then 

10$ of the benzene intr c'ueed actually dissolves in the acid 

solution. The un'.iss Ived benzene droplets rise through the 

reaction mixture by reason of their much lower density end 

extract the benzene-soluble reaction products. The dr.plets 

if benzene containing dissolved reaction products eventually 

merge upon tht surface in a supernatant layur fr.m which benzene-; 

is allowed to overflow continuous!y into a separate flask 

where the excess benzene is separated by distillation and is 
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recirculated through the reaction mixture. No agitation is 

used except that produced by convection currents and the 

movement of benzene droplets. 

TIK: laboratory procedure is described in detail 

for tht No. 5A Extractor, the final of six different til- 

glass models which wore studied. It employs a cluster of 

«2£ glass capillary Jets for the introduction of the benzene, 

anfl incorporates a number of refinements which were not 

present in earlier models. 

Runs wore made under a number of different con- 

ditions, but we consider Runs 5A-12 and 5A-14 to be repre- 

sentative of the "optimal results" achieved with this 

apparatus. Run 5A-12 was a run cf sixty-five hours made 

to demonstrate that essentially constant conditions could 

•be maintained continuously I':>r a long period of time; 

Run 5A-14 was for ten hours under similar conditions to 

determine material balances. 

In spite of tht most Careful efforts some loss of 

benzene occurs during the recovery :f unreacted starting 

material, hence the following yield values should be regarded 

as minimal, since they are based :>n the total benzene which 

disappears in the reactor: 

Benzene Balance in Run SA-14 

1.8 ) 73,S^ 
Benzene as L'NP 
Benzene as PA 
Benzone us  NB 
Benzene es "DND" 
Benzene as C0g (tnd CO«) 
Benaone as Oxalic :.cid 
Benzene n'..t accounted for 

*Tr:;cus 

44.]$) 
29. 
6.5 
3.0 
5.b 
1.7 

10.0 

100.031 CONFIDENTIAL 
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' 

Some benzene which volatilized through the condenser with 

the nitrogen oxide fumes was measured but not counted in this 

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

be minimized by the use of more efficient condensers; the 

amount which is volatilized can be absorbed in an oxynitration 

solution, and is therefore not lost. 

The rate of formation of dinitrophenol (or its 

equivalent in PA) was 30.7 g. per liter of oxynitrsticn 

solution per hour. The ratio of DNP (or equivalent) to total 

neutral nitro compounds was 10.4 to 1 by weight, in the 

long Run 5A-1S the overall rate was almost identical with 

that in the run fcr balances, and the weight ratio of DNP 

to neutral nitm products was 9.5. 

As a basis for omyarison, it can be estimated 

frcm the data of YJright that the Wright Process for Picric 

Acid is capable .f producing the equivalent of »bout S2-23 

grans of DNP per liter of oxynitration solution jjor hour» 

calculated n tho hosts f the verall tirua cycle and the 

initial reaction volume. 

It sh ulc be eaphasized at this point that what 

we term "optiRum conditions11 are not the only conditions 

under which good results can be obtained. Wide verinti.-'ns 

can be made in the conditions, with attendant variations in 

tht results. If, for example, a nuch higher rato of reaction 

w«;rti desired, the rate could be doubled cr triplud. by usins 

more concentrated, nitric acid and u lo.rjor quantity of 

mercury catalyst; this increase in rutc, however, would Intro- 
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duce the problem of the destruction of the more rapidly 

accumulating oxalic acid. If nearly pure DHP were desired 

instead of the mixture of WV-Pk,  taanganous nitrate would 

have to be eliminated from the reaction mixture; this omission 

would make more difficult the long continued operation because 

of  the increase in rxalic acid leading eventually to precip- 

itation 'f the catalyst as the difficultly soluble mercuric 

ixalate. It is thus evident thct any variations from the 

so-called optimum conditions, while holding considerable 

premise fir special objectives, nevertheless introduce new 

problems which woul«? have to be s .lved by further experimental 

work. 

(g) Description zf  the 5A Jet Extractor.- 

Figure 1 shows the nil-glass 5A Jet Extractor Apparatus. 

The dimensions of the apparatus are indicated by aeans c:f 

a scale shewn in the drawing. Thu vari us parts of the 

apparatus '/.re indicated by letters, ind the fallowing key 

to Fig. 1 explains the nature, en-:,  ^.ur^ose :f the various parts: 

A. Reactor Unit containing appr-xinately 2250 ml. 
of oxynitrati n solution (n..t counting a layer of 
supernatant benzene £ or 3 cm. e'eep). 

fi. Dr. „ving Funnel extending int :■ Diluter M. This 
is used for the continuous introduction of fortifying 
nitric ccid of approximately 98$ strength during a run. 

C. Dro^uln.»:; Funnel extending int:: reactor. This 
serves f ;r the addition of fortifying catelyst solution 
and also f.?r the removal, by a;.plication >f suction, of 
sables of reaction liquor for analysis. 

l>.  Thermometer Well. 
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OONFBENTIAL 

i 

S-TOGAS 
BOTTLE 

LARGE JET EXTRACTOR APPARATUS 
FW.I 
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■ ■ 

; 

E. Reflux Concenser. To condense benzene "nc. 
some of the nitrogen oxides while permitting carbon 
dioxide, nitrogen, snc nitric oxide to escape. 

F. Overflow Tube. Supernatant benzene and dissolved 
reaction products overflow through this tube into 
Flask K. 

G. Ho£.tina Jacket. The outer jacket, containing 
water, is warmed by a steam line and stirred by 
means of e stream of air. During the actual oxynitra- 
tion runs, the heat of reaction is often sufficient 
to maintain the proper temperature. Occasionally 
slls-ht cooling in the external jacket is required. 

H. Evaporator Flas*. The 1000-ml. flask serves to 
collect reaction products. It is heated at 115-1£0°C. 
by means of an oil bath, and benzene ana nitrogen 
o;:ides distil into Flusk 1.    The Stopcock J permits 
the Flb.sk  H to be cut off without interruption of the 
operation of the- reactor while a new flask and fresh 
benzene lore introduced into the system. 

1. B iler Flask. The use of this 500-ml. flask, 
hetted in an oil bath at 105-110 *C, is to aid in the 
distillation of benzene bock int-. the reaction system 
through the Jets. The second flask c- n be heated con- 
tinuously even while Flask H is beins changed. 

J. ^t pc ;ck. T: permit Flask H t be cut ~ut -f 
the systv;i.': without interrupting iperati n ;-f the reactor. 

K. Condenser. Condenses the h-t benzene vapors and 
some if the nitr sen jxirtes fr -ra th«.- B-iler Flask I. 

L. Jets. A cluster of 2£ sh'.rt lengths >f glass 
capillary tubing, each v/ith an internal diameter • f 
approximately 0.5 mm. These are all carefully fused 
int c single plate so that the tips are in a horizontal 
plan-j, anc the axes of the jets arc- all pr.rnllel and 
vertical. All jets were made from the same piece of 
capillary tubing to insure uniformity of internal diameter. 

M. Eiluter. The 98$ nitric acid used in fortifi- 
cation is slightly more dense than the reaction mixture. 
Th>i fortifying acid flows down inside the diluter tube, 
which is closed on the bottom and int.- which benzene 
dr plats cannot enter; '->s the scia flows downward it is 
■:':i]utjd by ixynitroti n solution entering the small 
tubul:r r-penings in the tide • f the eiluter. Fortified 
s.-luti n flows ut again thr -ugh the small >penin>;s in 
the 1-vier p'. rti .n 3f the Eiluter. in this way, direct 
c ntaet f benzene i_!r :plets with very c ^ncentratec nitric 
scic is pr:-:Vf:nte.n. 
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&.  Gts Absorption Tower. The mixture of g^ses from 
the reactor contains carbon dioxide, air, benzene vapor, 
N2> K£0> NO, N0O4 end perhaps other oxides of nitrogen 
ES well. All except CO-, oir, No, end NoO are absorbed 
by passage upward through Tower N. A solution of con- 
centrated sulfurlc seid and 98# nitric aci<? is allowed 
to flow slowly downward through the absorption tower, 
dissolving s»nd converting benzene to m-dinitrabenzene. 
and converting recover ably nitrogen oxides to nitrosyi 
sulfuric acid. Residual gases are passed into a lar::& 
glass bottle over acidified water or brine; when complete 
balances are nude these residual gt.ses are analyzed. 

P. Drvin fr-.a Reactor. The drain with stopcock 
serves t'>  remove small portions of the reaction mixture 
during a run 3s the formatl.n f water ceuses the 
mixture to expand. At the end of a run it also serves 
t .■ remove the reaction Mixture one excess benzene with- 
out the necessity . f dismantling the reactor« 

('£)  Operation of the 5A Jet Extract r.- 

(a)  Procedure f-T Runs Without iiaterial 

Balance.- This procedure is typical of many runs which 

were made, in particular Run 5A-12. The c ncentratiens f 

r.itric -cid and j.iercuric nitrate vcre vuriei? in many other 

runs.  3aker' s C.F. Analyzed ^onsene (Thiophene-free) was 
used in all runs in this report. 

Th», s.lutim charged int-   the rosct.r is made up 

as i" Hows: 

£95.5    -i, jiercuric Oxiif.c,  C.P. 
105       ;.l. fcitrio Acid,  98$  Uouiv: lent t    catalyst) 

1565       nl.  Nitric Acid,  7C# 
460      ml. V;ater 
28rt      ml. iLngan >us Nitrate Hc-xahydrate 

Solution,  79JS rq. 

Such i  s- luti n is 0.5 Si in ::.crcuric nitrat.:.,  0.5 i»l in 

.^-n^cnus nitrate, and 10.1 M in nitric acid. 

Benzene   (600 ml.)  is placed in the Ev:.pore.t >r 

Flask H an.-i ?00 ml.   -f benzene is  placed in Fl :sk I;  the 

two flasks  ::vc heated in    il baths :t, respectively, 
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115-120°C. cine 105-110°C. The contents of the reactor are 

heated to the reaction temperature (55°C. in Runs 5A-12 and 

-14) by means of warn water in the Jacket G, stirred by an 

air current. The temperature of the jacket is adjusted to 

hold s constant internal temperature within the reaction 

mixture. When the Flosk I is hot enough, benzene distils 

through the long vertical tube, condenses in Condenser K nnd 

thence flovs into the bottom of the reactor thraujh Jets L, 

which break up the benzene inte c shower of fine droplets. 

The benzene builds up a head in the tube above the jets, and 

the height of the hear serves as a rough indication :>f the 

rate of flow of benzene threugh the system. 

When the flow of benzene h...s become steady, f:rti- 

fictti >n with 98$ nitric acid it begun through Cropping Funnel 

B, the rate beirej if the ?rder of 2 ml. per minute. The rate 

of fortification is adjusted froil time to time, :n the basis 

jf analyser of s:;:.iples :>f nether liquor, so as t maintain 

the concentration af acid in the solution at the desired level. 

The layer of supernatant benzene is nsintsined at 

an approximately const&nt depth of 1.5-2 ca. by periodic 

withdrawal of small portions of reaction s.-.luti.n thrrugh 

Stopcock £ in the bottom of the reactor. Usually ab-.ut 

200-250 nl. of urther liqu:r is withdrawn during a three-hcur 

period. The withdrawn solution is processed in the following 

way. The £00-850-ml.  f s< Lution c llectod .V*T .several h.urs 

is extracted with three 75-rr.l. portions f benzene, tlw benzene 
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being saved and eventually combined with the final contents 

of the reactor for workup. The extracted nitric acid 

solution is then distilled at atmospheric pressure until the 

residual volume is about 50 ml. The concentrated solution, 

containing the mercuric nitrate end üianganous nitrate, is re- 

introHuced into the solution through Funnel C. The loss of 

catalyst is negligible. The dilute nitric -.icic" recovered by 

distillation can either be saved for analysis or, if desired, 

could be used f>>r the makeup of fresh starting mixture. 

Samples of mother liquor are withdrawn at intervals 

by applying gentle sucti >n at the top of Funnel C, and are 

analyzed for nitric ecld, nitrous s.c±C,  oxalic acid, 

mercuric nitrate, manganous nitrrte, etc., JS desired. Ad- 

justments are made in fortification rates as needed to main- 

tain constant conditions. 

Abyut every e.u,ht h-urs, under conditions similar 

t-j those cf Run 5A-12, the reaction products h;vo accumulated 

in Flask K t; such an extent that a nav flask and fresh 

benzene rcust be used. The Stopcock J is closed and Flask H 

is allowed t;.. c >cl s ;aewhat until it can be exchanged for a 

new flask containing 600 ml. f fresh benzene. The new 

flask of benzene is heated t? boiling; :.n.'' the flcvf of benzene 

started vnce more by cautiously opening Stopcock J. The 

reactor c-ntinues t: ,; .rate without interruption. 

Gases are psssed thru;h the Absorption Tower N. 

While in large-scale operation this unit wpuld be replaced 

by "■  r:.:r>: efficient c.ndensinj system and an absorbing tcwer 
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containing oxynitration solution, we have limited ourselves, 

to the determination of entrained benzene and recoverable 

oxides by means of the mixture of concentrated sulfuric acid 

and 98JC nitric acid (Bachmann, OSRD Report No. 4026, 

February 28, 1945, page 9). Benzene was determined as ffi- 

dinitrobenzene in an aliquot portion, and recoverable oxides 

of nitrogen could be estimated in a Lunge nitrometer. 

A typical schedule of operations is shown below 

for a portion of the long Run 5A-12 (fourteen of a total of 

sixty-five hours): 

Table II 

Fortification 

Time 

Vol. 98)1 

HNOg 

added 

Vol.of 

soln. 

wthdn. 

Time 

with- 

drawn 

Time 
anal, 
smpl. 
wthdn. 

Cone. 

HN03 

M 

Cone. 
Oxalic 
Acid 

If 

Vol. 
Coned. 
soln. 
rtd.to 
reactor 

10:55-11:45 100 ml. 
11:45-12:35 100 
12:35- 1:25 100 
1:25- 2:15 100 
2:15- 3:05 100 
5:05- 3:55 100 
3:55- 4:55 100 
4:55- 5:35 100 
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 

233 ml. 1:25 

241 

200 

5:00 

8:30 

195   11:30 

11:30 10.40 

3:00 

5:30 10.31 

8:45 

12:30 10.35 

2. 

2. 

51* ml. 

35* 

33* 

54* 

* A c:ncentrate of the mother liqunr previously withdrawn. 
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i  i 

During the sixty-five hours of Run 5A-12, eight 

different evaporator flasks were used. Each of these flasks 

was worked up separately to determine the average rates of 

formation of products c-uring each of the tine intervals. In 

this way we were able to determine that both the rates of 

formation and of removal of products regained constant within 

thß allowable variation ovar the whole reaction time. The 

data on weights of product are shown in the table below to 

illustrate the typical operation of the Jet Extractor. 

Table III 
Summary of Products in Run 5A-12 

Evaporator Flask No. 1 
Time Interval (hours)      0-10 
Hours in Use 10 
Weicht of Sitr:;phenols (g.)  576 

DMP (,-.) 356 
PA  (g.) 240 

Weight .-f Nitro Pr-ducts (g.) 55.0 
MB   (g.) 33.9 
"DNB" (g.) £1.1 

Rate of DKP F;rmati::n 
(g. DNP/l./hr.) 20.8 

Ratio: F..  DMP  
g. KB + g. "DNB"        9-1 

2 
10-18 

8 
621 
335 
288 
51.3 
30.8 
20.5 

£8.0 

10.4 

3 
18-26 

8 
809 
389 
420 
68.0 
41.0 
27.0 

35.8 

10.0 

4 
26-34 
8 
574 
368 
206 
60.7 
41.0 
19.7 

26.5 

10.0 

Evac,orit?T Flask Nr?, 5 
Timö Intervol (hvurs) 34-42 
H'-urs in Use Q 
Weicht '.-f Witrr>phon.l3 (g.)  585 

DKP U.) 368 
PA  (g.) • ,    .   L17 

Weight of Kitro Products (g.) 60.5 
SP (g.) 33.0 
»DUB« (g.) 87.5 

Rate r.f DNP Formation 
(g. DKP/l./hr.) 26.8 

Ratio: a. TMP  
f> KB + 3. "DUB" 

8'5 

42-51.5 51 
9.5 

808 
431 
377 
75.5 
48.8 
26.7 

30.6 

9.2 

7 
,5-59.5 
8 

621 
391 
230 
72.4 
43.5 
28.9 

28.5 

7.6 

8 
59.5-65 

5.5 
496 
310 
186 

50.7 
31.5 

8.6 

At tho tine? cf the Run 5A-12 the recetor contained the follow- 
ing material t 98.9 J.  DNP, 26.2 3. PA, 4.4 g. NB, i.nd 4.0 g. 
"DNB." The total yield f:r the whvle run was 5203 g. if DHP + 
PA (57.952 .f this v;ei"ht vas DKP) end 503 ;. of neutral nitre 
pr ducts (KB + "DNE"). CONFIDENTIAL 
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At the beginning of a run, the initial pale color 

of the nitric acid solution rapidly darkens to a very deer.) 

red verging on block, the final intensity of the color being 

a function of the steady-state rate of oxynitration. After 

completion of a run, the mother liquid lightens again to a 

clear red color. 

(b) Procedure for Runs with Material Balances 

in the 5A Jet Extractor.- üluch valuable information was ob- 

tained by making a number of runs without complete material 

balances, as described in the preceding section. The data 

on rates of formation of products and especially the values 

of the rsti-.-. of grams of DflP (or equivalent) to grams of 

neutral nitro products (KB + DNB) enabled us to judge whether 

E given set of Conditions wr. s favorable without the- necessity 

of going through the extremely laborious task >f determining 

complete balances. In very 1 :ng runs it was impractical tc 

dütormine balances because of the greater pr prrti nal loss 

:f benzene which resulted from the handling af a number of 

different evoprratrr flasks. For the determination f yields, 

runs :>f apprrxiraatcly ten h ufs' duration were :.i.:.de, using 

<ne Evaporator Fl^sk H. The unroact-.d benzene was recovered 

cs follows: 

The c nstituents >f the original st:ck sluti.n 
arc ccrefully measured ond the benzene Is weighed directly 
int. the evaporator arid bailer, «t the end -if the ten- 
h ur peri r! of reocticn, the heating unit:, are removed 
fr.:u th< flacks. Circulation -f the benzene stops within 
a shr.rt time. Cold «reter is then circulated thr-.ugh 
the Jacket surrounding the react r until the temperature 
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of the oxynitrotion 
solution is drained 
is left In the react 
(H end 1) are left a 
have cooled to room 
the Jets L t: sweep 
well; the aqueous la 
rinsings arc saved f 
mercuric nitrtte. 

solution falls to 25°C. The scic1 

through the Stopcock £, but the benzene 
or. The evaporator and boiler units 
ttached to the apparatus until they 
temeerature. Water is flushed through 
the remaining benzene into the reactor 
yor iti separated through P end the 
or analysis off nitric acid and 

The evaporator unit (H) is detached from the reactor 
and connected tc an apporotus in which a gentle current 
of steam removes the benzene retained by the reaction 
prec'uets. Oxides of nitr .gen evolved during the 
distillation are sbs~rbed in a trap containing standard 
alkali so that the nitric acid balance can bo completed. 
The benzene contained in the Boiler 1 is similarly collected 
by steam distillation. The benzene still remaining in 
the reactcr unit is carefully drained into a reund-bottomed 
flask and distilled with steam in the sane way. Eventually 
all of the unrer.cted benzene is collected as nearly pure 
distillate t »gether v.ith s:ae water in a single secretory 
funnel. 

The benzene loyor is washed with standard alkali 
to remove nitrogen ,xides bnC  nitric acid: titrati-n of 
the wash accunts for a snail P.ia*>unt :f nitric acid, which 
is included in the nitric acid balance. The separat, ry 
funnel c-ntaining the c rlorless washed honzene is then 
allowed t<-  stend ever night, tightly st ppered, after 
which the lower aqueus layer is carefully scp.rr"ted and 
discarded. The s:Iubility f benzeno in water is eis- 
regorded because it is quite lowj the solubility f water 
in benzena is likewise neglected. The benzene is weighed 
in the tared funnel as wet benzene; then it is cried over 
anhydrous calcium chloride and carefully distilled fr; n 
a Sßall Claisen flask with Vigreux c* lumn. A small residue 
f nitr benzene obtained fr u the benzene layer is de- 

ducted fr r. the weight of vet benzene and the difference 
is recorded as recovered benzene. 

It is . bvi^us that there are many chances f ;r less 
of benzene thr ugh films clinging to -lrss vessels and 
through volatility. There are n- coupensating errors 
which tend to uake the weight of recovered benzene high, 
with the p ssible exception >f water ifiss lvsd in the 
benzene lcyer, and this c?n be estimate.] as negligibly 
small. For this re.is:n, :ur balances, based up n the 
difference between the weight f benzene introduced and 
the weight f benzene actuelly recovered as such, are 
c nserv9tive, aiiniaal values. In the best run far balance 
in the 5A Jet Extract:r (Run 5A-6) a t tal f 94.4$ of 
the benzene was ace unt< :r. In the tv." next best runs 
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(5A-11 ond 5A-14) the percentages of benzene accounted 
for were 93.1$ and 90.6$, respectively. Run 5A-14 is 
the one which most closely approaches the conditions of 
the sixty-fiv« hour run (5A-12). We believe that these 
variations in the tr.tal oraount of benzene accounted' for 
are to be expected ::nd arc inherent in the very great 
experimental difficulties of recovering benzene in small 
glüßs apparatus of complicated design. We als*:- feel that 
the varying nnounts of benzene not accounted for include 
the SUEJ of losses it  varius reaction products as well 
as the loss of benzene itself - that is, in the crystalli- 
zation of the nitr si phenols, the recovery of distilled 
neutral nitro compounds, gaseous compounds, traces of un- 
identified products, etc. We feel certain that the 5 to 
1QJ6 tf benzene n<:t accounted for in the balances ■:• :>es not 
represent any single less or any previously unsuspected 
by-product. 

The recovery of react! n products was accomplished by 
the following procedure: 

The residue remaining in the evaporator flask (H) 
after steaa distillation <f the benzene is poured into 
500 ml. of ice wcter, and sufficient triethanolomine (TEA) 
is added to neutralize the nltrophenolsj approximately 
ten i-er cent excess of TEA is added and the total volume 
is made up to approximately three litero with water. 
Thf solution is extracted with four 150-ul. portions ;f 
benzene t-> remove nitrobenzene and DNB. 1h<;  extracted 
TE* solution is acidified with 1:1 nitric acid until 
further additi m  :>f acid pr duces no further change in 
color. The mixture is chilled frr about twenty hours 
at 0-5 ;C. end the «fixture ~a  DNP-PA is filtered :n a 
sintered j,:lacs funnel, «ashed th roughly with ice water, 
end dried at 60-C. for twenty-four hours, after which it 
is weighed ^nC  analysed for percentage f DNP by the 
Koppescharr titratiw rith br>raine (See Appendix, page 126). 

The benzene extracts of the TEA s^luti n are ca- 
bined, dried :vor calcium chloride, and distilled thr ugh 
a modified Claisen flask to remove benzene. A nitr .benzene 
fraction is removed ->ver a boiling range :f 207-215'C. 
The undistilled portion, which crystallizes as it cools 
to room temperature, is weighed and calculated as "DNB." 
Actually, the residue is a mixture, and its c rcpositicn 
will be discussed in greater detail later. The assumpti :n 
that it is »DNB« for calculrtiun f yields intr duees little 
or n' jrr r. 

The 
the .lain 
port! -.ns 

ciOificd 
rti'n 

TEA filtrate rei 
f nitroi.hen 1 is 

saining sfter 
extracted in 

with throe LOO-ml. j rtions f benzen« 

removal of 
one-liter 

The; 
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benzene extracts <;re combined, the benzene is removed by 
distillation, one" the -residue is dried in a stream of air 
for tv.enty-four hour:» and analyzed for CMP by the 
KoppcschF.rif -nethod. 

The mother li.pjor drained from the reactor is allowed 
to stand loosely stoppered over nisht. The precipitated 
BNP is filtere-?, washed with cold 50# nitric acid followed 
by weiter. The washings arc analyzed for mercuric i^n. A 
750-ml. aliquot of the filtered mother liquor is diluted 
to 1500 ml. and extracted with four 150-al. portions of 
benzene . The benzene- extracts are washed with cold water, 
then extracted with several portions of ZQ%  TEA. The 
alkaline extracts are acidified with 1:1 nitric rcid, 
chilled to 5°C, and filtered. The DNP-PA, thoroughly 
washed with ice wo tor, is dried and analyzed. Nitrobenzene 
in the benzene is rec »vered as 'escribed above. 

Gases formed 'urins the "xynitraticn reaction are 
passed through the all-glass -.bs-rrpti.n tower pocked 
with short lengths of glass r adding and. perfused with a 
mixture of concentrated sulfuric acid and 985» nitric acid. 
The gases emerging from thu >3as cbs .■rpti-'-n tower are 
passed through a water bubbler t collect acidic nitr A-;en 
oxides, and residual .-as is collected in 20-liter carbrys 
ver water acidified to ;net.hyl orange v.ith hy ruchloric 
acid. The total volume <f  residual ,30s is determined in 
runs for complete balance, and the .;.s composition is 
determined by Orsat analysis f r carb n dioxide, ^xy/en, 
carb n monoxidej inert residual jas is assume; tr  be a 
mixture of nitrogen and nitrous oxide. 

The acid absjrptitn t .wer (M) is wet ^y a slow 
stream f •■• nixturt; f 6b parts jf 98ft nitric acid and 
75 parts f 96$ sulfuric acid. Benzene is absorbed and 
c -nvert«: t • £i-dinitr..benzene. Recoverable rxides of 
nitrogen are also absorbed. The trap liquor is allowed 
to flaw downward fron the dropping funnel at a rate rapid 
emu :h t. prevent the 1 ss of brown oxides f nitr-..en. 
The final volume of the tower acid is treasured, and an 
aliquot s?:1le is taken for the estimation of absorbed 
1-enzene. The acid is diluted v.lth a large excess f ice 
and the crystalline m-'!lnltrcbenzene filtered, washed, 
and weighed* Another ali<:.u't portion f the trap ccid 
is analyzed f ,r total nitric acid end potential nitric 
■ cid by the Lun ;c Nitrometer method, Since the initial 
weight of 985» nitric acid in the tr-wer is kn v:n, and the 
wei/ht of nitric acid c nsuued. by reaction v;ith benzene 
can be calculated, these quantities f nitric ;.cir cm be 
deducted fr.-rj the ttal determined by nitr .;. jter, 'ivim; 
the number --f ,;ra.is :£  100J6 nitric :^ci which c ul«1 be 
recverec fr.-.m tbu: absorbed nitr MI xiöes. 
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The water bubbler scrubs out nitric r.cid or 
higher nitrogen oxioes carried over inadvertently from 
the trap. The acidity is ceterained and calculated as 
lOOjS nitric, acic". in the find balance. A negligible 
weight of sulfuric acid is. carried over, tests with 
barium chloride show. 

(4) iflfcthocs of Computing yields.- Since confusion 

;aay result because of the use of three different methods 

of computing yields in the oxynitretion process, some 

attention should be directec1 to the methods used in this 

and other studies which have been made. 

The products cf the cxynitration rer.ctien which 

have been identified include:  DNP, PA, NB, p-DNB, o-DNB, 

carbon dir.xide, sx&lic acid, and tetranitr v'iphenylamine (TNDA; 

this product was first identified- by the group under Bachmann 

at Michigan). Yields arc in general reported i':>r purified 

products, >r for :ni>turei; -f pre ducts whose compositions are 

known by an".lysis. 

Throe different bTJSti. for calculati ns of yield 

have been used, each intended t' «--..iphasize a particular point. 

These bases can Lest bu sh^wn by the following tabulation: 

0     B      A 
Benzene as LW 

Benzene as PA 

Benzene us COg, 

Benz em '.is Oxelic Acid 

Benzene N"t Ace unter* F:;r 

Benzene : s NB 

Benzene as DNB 

Benzene V [latilized thrjugh Condenser  

of the Benzene ft >t Recovered as Benzene 
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L 

In earlier publications yielc's of nitrophenols 

were based upon the total benzene a<?c!eu to the reaction 

mixture (the "A Basis" in the. above scheme), since the minor 

products were seldom isolated, and unreacted benzene was not 

accounted for, although it was often noted that benzene was 

volatilized through the condenser, it was recognized that, 

without very efficient condensing, the loss of benzene by 

volatilization may be Large, and the suggestion was early 

advanced thot this IJSS could be minimized by proper design 

of the condenser« 

The losses of benzene by valorization are a function 

:>f the cooling temperature and area .f cooling surface, and 

also of the volume f nrn-c:ndensable rases ev lveO in the 

react! .n. The amount ;f  v l;\tilized benzene can be cut tfown 

by efficient design )f the encenser. B&chmann  has suggested 

that volatilized benzene be recovered by absorption in fresh 

jxynitrati n solution. Since thw amount if benzene volatilized 

through the condenser bears n< relation to the trpe yields 

of products resulting from reaction mithin the reaeti.n aixture. 

oinst :-f our vieles, as veil as the vieles ;f the gr-ur: at 

the University of Michigan, have been computed on the 

"B B.-iSis.w v.hich excludes the- volatilized benzene, deterninee- 

as a-'dinitr benzene in tht= tower rcid. Li'jst yields recorded 

in the literature ure >n the "A Basis." 

>'■ thir-' nasis, the "C Basis." has been use.', in a 

f:r cases -'urin-r this investi^ati n, particularly in connection 
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with the stuCy of the reaction mechanisus. If the benzene 

converted to neutral nitro products by siae reactions is 

excluded from the basis of yield calculations, as well ;.s 

the benzene volatilized through the condenser, yiclt' values 

for DNP end/op PA arc obtained which rfive an ic'ea cf the 

efficiency of the oxynitrati>n reaction as distinguished from 

tht sio'e reactions which lead to neutrr.1 pr ucts. This 

pc.int will be discussed in greater CetJ.il in the secti n .n 

mechanism ( 3ection   III ). it wes n th<-. brsis f a c:n- 

sii_.erati:n of oxynltrstin efiiciencics that Vvesthoi:n.-..r \>as 

led to postulate the existenc. cf a "retTranKt'-'ient mechanism" 

f:r the oxynitrfjti;n process. 

(5) Oxvnit.rvtion Runs in the SA Jet Extract r.- 

Table IV summarizes the <?ata n t^n runs vaich v.or«. made 

une'er vsryin^ conditions in the 5/. Jet iLytrect r. 
(designated as Runa 5A-2 and SA-5 in Table IV) 

Runs E anc^ 5/v/erc nade t • establish £. r »utine 

.vjerati :nsl procedure for the Jet Extractor, following the 

experience with earlier models, in Run 2, L0.6 A  nitric 

acid at 55°C. was used ond, in Run 5, 1J.-..1 üI nitric acic 

at 45°C. It was felt thot these representec1 close appr« xi- 

mations t" optimal e.nditlons. Runs 6 an"5 5 were ton-h ur 

chucks of Runs £ fend 5, res^ctivL'ly, with material V-lances 

determined for benzene, nitric acid, anc' iiercury. Nc .-»enganous 

nitrate was us«', in any <t  these f'-ur runs. The c ncentrr ti n 

■ i" oxalic :ci'"- was fcun<? to ris<_- steaOily in Runs 6 en,' 8, 

reschiris; 9.5 ..:. per liter in Run fc end 15.1 ;■;• per liter in 

Run 0. In neither case t'lC  precipitation f the :i«_rcury 

catalyst ccur. CONFIDENTIAL 
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Runs 10 and 11 were attempts to duplicate the very 

favorable balance for benzene sbt&ined in Run 6. No. 11 

repeated the yields essentially within the expected variation, 

but for on unaccountable reason Run 10 failed to ."u lic:tc 

the yield's expected, probably because of an error in the 

recovery of products. 

In Run 9 an attenj/t was made to keep the a paratus 

in continucus operation for at least fifty h urs with ut the 

use T nanganous nitreto. The run Yu C t-   be "ice.ntinuea 

after twenty-nine h.urs because of the precipitation 'f 

mercuric xalftc in the JetE, cl-.g^in.-^ tn~ inlets for benzene. 

It was obvious thst s.  t:.eans had to be ^rovir's?. for the 

destructi::n ^f  the xt lie aci."-. 

Twc -.vth p<?s for the destruction i xalic acic" were 

considered. One was to allow the ..xalic ;:ci! to accumulate 

until precipitation of r.:ercuric cxalete recurred (at a level 

of approximately 19-feO >z-    f oxalic acli1 per liter, according 

t-  data obtained by Bachrsann at the University f Michigan ' ) 

The crystalline taercurie oxalate c.ulo be withdrawn at inter- 

vals fr n the bottom of the react .r anO de-CvUtiOSüe' int. 

mercuric nitrate and carbon dioxide by heating separately 

with nitric acid. Since this plan hac s ae practical diffi- 

culties, the alternative was successfully r.cVptef, fr ■.:•. 

results >bt&ined by the LJichigsn rr u, , .--f adding relc-tivoly 

high concentrations f nan-;cn^us nltrotc t catalyze the re- 

action ;£  nitric acid and .xalic aci' t.. f:-ra cart n ■ 1oxide 
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and nitrogen oxides. A concentration of 0.5 mole of uanganous 

nitrete per liter of oxynitr&tion solution proved to be edequate 

for the intended purpose in runs in the No. 5A Jet Extractor 

with approximately 10.4 M nitric acid at 55 C. 

In Run IS, as has been previously described, trie 

5A Jet Extractor was kept in continuous operation for a total 

of sixty-five hours without interruption, and at the end of 

that period the run was discontinued when it scencd quite 

definite that en essentially steady state h.r loon reached. 

The chief problem of the previous runs - nanely, the destruc- 

tion of oxalic c-cid - was solvad by the use of 0.5 tf aunganous 

nitrate. Treble V shows -the results of peri idle amlyses :f 

the Bisthor liquor r.ode at intervals during Run 12; tUe c n- 

centration of ;xalic .-.tcid rose fairly rapidly :;t first, then 

nore slowly, and finally beceine constant within the err»r •£ 

deterainati.:n et a level >i" 11.9-12.0 g. per liter f 

axynltrati. n s>luti.:n, which i£ safely belrw the level at 

which catalyst burins tc precipitate. 

Table V 
Ox.'lie Acid C.ncentrrtl ns in Run 5A-12 

Hours of Run Grcms H^CgO^ per Liter 

0 0.0 
12 9.1 
'rA 10.7 
?.6 li.a 
42.S 11.4 
46 11.9 
60.5 12.0 
62 11.9 

ooi^inm.Ti:,;, 
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The monganese-catalyzed oxidation of oxalic acid 

causes somewhat more rapid reduction of nitric acid to 

nitrogen oxides than in the oxynitration reaction without 

ianganous salt. For this recson the rate of fortification 

with 98$ nitric acid was slightly higher in Run 5A-Iij than in 

previous runs without »ntnganese. So.ue of the extra nitric 

acid was required, however, to allow for the higher percentage 

of DNP nitrated tc PA as a consequence of the activity of 

nanganous nitrate as a nitration catalyst. 

Hun 5A-17 was an unsuccessful ette^pt tc use a 

high concentration (12.6 H)  of nitric acid at relatively !■ ■ ■„ 

temperature (40°C). The relative rate of foruati-n f neutral 

nitro conyounds was high, and the yield cf nitrophen'lic 

product correspondingly low. ThiF run was :.iude with sc-cilled 

"ccld heiler"; tht-t is, the benzene which passed through the 

reactor was collected in a flask :t room temperature and was 

not recirculated through the reactor by distill; ti n. Runs 

cf this typu were also aade with -tner models f the extrnctcr 

apparatus and yielded r.uch valuable inf rtiation. 

The yields of nltr. phen. lie i-r.iducts are naturally 

;f primary interest in a diccussi n f the extractor apparatus. 

Yield date f<>r runs in the 5A Jet Extractor are suuuiarized 

in Table VI below. The aiothods :f calculating yields -re 

these already described on page  88. 
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Teble VI 
Ziele's of Mtropherols in thn 5A Jet Extractor 

Yields of Mtrophoncls 
Run Based on Benzene Based on Total Oxynltrstion Weight Rutio 
Mä Disappearing in    Benzene    Efficiency   of g. DKP/ 
NO. the Reactor 

"B Basis" 

2 74 
6 81 

10 73 
11 78 

5 66 
8 72 

Consumed g. Neutral 
"A Basis"    "C Basis" Nitro Products 

14 73 

63 
77 
69 
75 

64.5 
70 

69 

60 
87.5 
78.5 
85.5 

75 
81 

81 

11.1 
12.8 
11.5 
12.5 

7.4 
9.3 

10.4 

Table Vll shows the data on  material belsnces ob- 

tained in five of the runs .r.uö.e in the 5A «Tat Extract r. 

Since it is more convenient to discuss th»s subject :;i material 

balances in a single section for all of the extractor apparatus, 

the analysis of this table will be deferred to Section   I-F, 

page 50 . 

The weight ratif of "DNP/Neutrsl Nitro Products" 

is defined as the weight f dinltrophonol equivalent t the 

entire nltrophenolic product (DKP + PA) dlvidec1 by the combined 

weight of the NB and DNB fractions. This rati.^ is c aputed to 

a constant DKP basis t cv.ic! cenfusien resulting fr«.a the 

varying degree .if nitration ;f DKP t; PA. When the benzene 

WHS cycled by distillatl >n fr:u heated evaporator anC  biiler 

flasks, and especially when cianganous nltrat« was present in 

the reaction mixture, appreciable fractions of the- DliE' were 

nitrated t PA. The. ti-'ie of heating f soluti ns of DKP 
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containing dissolved nitrogen oxides is also a factor in de- 

termining the extent of the nitration of DNP. Table VIII 

summarizes the dnta on the extent of nitration of DNP to PA 

in runs in the 5A Jet Extractor. 

L Table VIII 
Composition of the Nitrophenolic Erection 

in Runs in the 5A Jet Extractor 

Run No. 

14 

%  DNP 

54.7 

%  PA 

2 80.6 19.4 
6 56.7 43.5 

10 71.3 28.7 
11 67.3 32.7 

5 75 25 
8 58 42 

45.3 

I 

Some of the nitration of DNP to PA occurs in the 

evaporator flask in which the benzene soluti -n cf DNP is 

boiled in the presence ot  dissolved nitrogen oxides. Experi- 

ments with "cold boiler" in >ther models of the extract:r 

apparatus have indicated' that, in the absence of uongan-us 

nitrate and with good extraction efficiency, the product 

leaving the reactor is largely DNP with anly su.all am unts 

of PA. If it were c-nsicered desiroble to modify the extraction 

process t : prepare DNP essentially without PA, then further 

study w-'Ulcl need t be siven t: the pr jblen if  separating 

excess benzene fr m  react! n Fr ducts by means which d. net 

include heating the ^r-o'uet with nitrogen ..xides. 

As mentioned in the introduction, the presence of 

nitrogen oxides in the ocynitr.:ti n soluti n is essenti.nl f r 

the .ccurrLiiCfc jf the complete jxynitroti n scouence by 

COiv'iDL,i.Tii,L 



-£6- CQM LlXäiTl?.u 

either of the two known paths. No effort was made in runs 

in the 5A Jet Extractor to control the concentration of 

nitrogen oxides for two reasons: first, the equilibria ex- 

isting among the various nitrogen oxides snu nitric acid arc 

extremely complex rnd a simple analytical method which iv ulc! 

express the nitrogen -;xic/e level in a single value would 

necessarily be somewhat empirical in the present state :<f 

knowledge of the system under the conditions of oxynitratl n; 

second, various schemes f■ i- controlling the nitrogen xide Level 

seen so complicated as t be impractical, in the runs made 

t^ date in the 5A Jet Extractor we have lLüitetf 3ur investi- 

gations of the nitrogen oxide level to 6 Single analysis f.T 

the c :ncentrati n of "nitrous acid." Samples cf mother liqu r, 

when diluted with a great excess cf water, can be used tc 

diaz">tize an aromatic amine, and the at; unt of nitrous seid 

initially present can be determined coloriinetrically by the 

coupling of the diazeniun salt so fcrmed. This method was used 

by Westhelmer in his kinetic studies as the most satisfactory 

simple measure JT  the overall nitrogen xide level. Table IX 

sh >wa the values for the concentrati n if "Nitrous Acid" 

during Run 5A-19.* 

»Run -19, net described in the tables f data, was 
made for the express ^ur,. ;se ;f following the changes 
in nitrogen oxide Level. The xynitrc.ti n contjti ns 
were similar t those in Runt; 5A-1£ and 5A-14. 
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Table IX 
Concentration of Nitrous Acid in Oxynitration 

Solution in Run 5A-19* 

Hours cf Run 
Concentration of 
Nitrous Acid in 
Moles per Liter 

2 
4 
6 
8 
10 

0.22 
0.24 
0.19 
0.19 
0.23, 0.21 

It can be seen that the nitrogen cxi:."e level boc^e essential- 

ly constant during the first tw^ hours cf the run. It is 

obvious fr^m visual observation of a reaction uixturo that 

the induction period during which oxides of nitrogen are 

being formed at the beginning >f a run is of rather shcrt 

duration in normal runs under favorable conditions. This 

assumption is als? borne out by the observation that the 

formation -f nitrophen:lic Material bojins within a few 

rainutes and steadily increases tc its maximum rate unless 

substances are present in the mixture which destroy ■• xidcs 

or prevent their formation! 

Westheiraer hss estimated that o s-luti-n of 50$ 
at 50°C. 

nitric acid saturated with nitrv-^&n oxidos/hr;s a "nitrous 

acid" content of 0.35 larle per liter by the analytical methcd 

described. 

C. The No. 5 Jet Extractor A,;:.gratus 

(l) Description ;f the No. 5 Jet Extract T.- 

The No. 5 Jet Extractor was an earlier :::odel of,- and very 

iee fjot note on page 36. 
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similar to, the 5A Apperatus except that it lacked certain 

refinements of the latter. There were only eight glass inlet 

jets for benzene instead of twenty-two, -nd the Dropping 

Funnel B of the No. 5A Apparatus (see Figure l) was lacking. 

The Diluter &  was also It-eking. The operating volume was 

S460 ml. of oxynitrotion solution. 

(2) Operation of thi- No. 5 Jet Extractor.- 

The operation of the No. 5 Apparatus w?.s essentially the 

sane as with the No. 5A Apparatus, except fur small differences 

due to the absence .f an extra dropping funnel and diluter. 

The throughput "f benzene was smaller because of the smaller 

number -f jets, and this effected the rates of reaction and 

fortification somewhat, .is mi£;ht bo expectedt 

(3) Oxvnitrati n Runs in the No. 5 Jet Extract"!.- 

Data for twenty-two runs made in the No. 5 Apparatus are 

summarized in Table IV al ng \-ith the data for the 5A Extractor, 

Further data on material balances are sh'wn in Table XI en 

page 50a . 

The initial runs were made t >  translate the 

information obtained in sualler earlier models t - the larger 

No. 5 Jet Extractor. In Runs 5-J2 thr :u.jh 5-10, inclusive, 

the importance of maintaining a c nstsnt nitric ucid encen- 

trati^n by continuous fortification WJS n t fully o;.predated, 

and hence the rate dsta are f dubious value because the 

strength of the oxynitration scluti :n must hive fluctuated 

greatly. Later, the practice was adopted of analysing the 

toother liquor at intervals and adjusting the fortificati- n 

CONFIDENTIAL 



-39- CONf IDElJllAL 

rate to maintain the desired constant value. 

In Runs 5-8, 5-9, 5-10, and 5-1S, efforts to main- 

tain a constant level of 13 M nitric acid proved to be un- 

successful, at temperatures in the range 45-55 C. With such 

a high acid concentration the reaction velocity is so high that 

great turbulence results, frequently causing the acid solution 

to spill over into the evaporator flask. 

By reducing the reaction temperature to 40°C it 

was possible to study the reaction under conditions of high 

acid strength. Although rates wore satisfactorily high, the 

proportion of neutral nitro compounds was so great that ex- 

periments under these conditions of high acid strength were 

abandoned. 

The amounts of carbon dioxide e.nd oxclic acid 

formed in the oxynitratlon were not determined in runs raadc- 

in the No. 5 Jot Extractor. Total percentages of btnzune 

accounted for are therefore not as high as for some of the 

runs in the 5A Jet Extractor in which these determinations 

were made. 

D. The No. 4 Fritted Disk Extractor 

(1) Description of the No. 4 Fritted Disk Extract .;r.- 

Figure £ (page 39a) shows th*. Ho. 4 Fritted Disk Extractor 

Apparatus. The following key explains the functi-ns f the 

various parts: 

A. Reactor. The react .r Is c vortic. 1 glfss cylinder 
with internal dimensions >f approximately 4.5 x 50 cm., 
with an operating v :lume of approximately 600 ml. -f 
oxynltrati-n s.luti n. 
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B. Dropping Funnel. For the introduction of 
fortifying 98% nitric ccid snd for the withdrawal of 
specimens of oxynitration solution. 

C. Thermometer V.'ell. 

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

E. Side-Arm Overflow. Supernatant benzene from 
the reactor overflows through this side-arm into the 
Boiler-Evaporator Flask F. 

F. Boiling; Flask. Vvhen benzene is recycled, this 
flask is heated in en oil bath to distil benzene and 
nitrogen oxides uway from the reaction products back 
into the fritted disk inject >r by v;ay of the Tube G. 

0. Rising Tube. This tube was heated electrically 
by means of a spiral coil of resistance; wire «rund n 
thin asbestos paper; the use of supplementary heat on 
this rising tube allowed the Flask F to be heated at a 
lower temperature without undue condensati n of the 
benzene vapors. 

H. Upper Condenser. For the c neensati.-n -f h t 
benzene vapors together with some nitrogen ..ocides. 

1. Vaster Separator. Some aqueous acid vapors were 
carried along with the benzene and tended t accumulate 
as a separate phase beneath the fritted disk until 
this phase separator was installed. Occasionally the 
aqueous phase in the Separator i was withdrawn t- pre- 
vent its overflow into the injector, since water was 
found t«:. close the openings in the fritted disk to 
the passage of benzene. 

J. Ground Joint. This j*int was necessary tc allow 
easy assembly and dismantling of the apparatus. 

K. O ndenser .-n React.r. To condense benzene snd 
some of the nitrogen oxides while permitting carb n 
di jxide and lower ritr:>r«n oxides t pass thrcugh. 

L. Side-arm t.' Gas Abs.'rotl.n Tube. 

M. Keatin-' Jacket. Filled with water ;:nd warmed 
by Q gentle current j.f steau and r.ir; also used to 
c -^1 the contents :f the reactor quickly to room 
tempertture st the end -f a run. 
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N. Outlet in Reector. To drain the contents of the 
reactor and for withdrawal of mother liquor as the 
volume expanded during e 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 benaene. The high dispersion of benzene was considered 

favorable for a rapid rate of solution of benzene and ?lso 

was expected to result in a very high extraction efficiency. 

(£) Operation of the No. 4 Fritted Eisk Extractor.- 

The Fritted Disk Apparatus was operated in two ways. One 

method was very similar to that used with the two jot ex- 

tractors previously described (Nos. 5 and 5A). Benzene was 

distilled from the reaction products in the boiling flask (F) 

and returnee? to the reaction mixturu continuously along with 

some of the nitrogen oxides carried out in the benzene extracts. 

In many of the earlier runs with the Fritted Disk Extractor, 

unreacted benzene was recovered at the end of a run by c 

procedure similar to thct already described (page 24ff). It 

was found, however, that it was difficult to obtein quantitative 

recovery of benzene from the fritted disk, and the percentage 

yields based upon benzene were uniformly lower in this apparatus 

than in the larger jet extractors. 

For this reason, and also in order to conserve time, 

all runs beginning with Run Mc. 4-22 were made by a "cold 

boiler" procedure. Tho. bailor flask was replaced by a largo 

receptacle und the averflowing benzene extracts were collected 

without heating or without distillation of the benzene back 
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into the system. Fresh benzene was constantly fed into the 

system through I Joint 2 at a predetermined rate. This 

method required a larger volume of benzene than when the 

benzene was constantly recycled, and the determination of a 

complete benzene balance was impractical. However, it was 

easy to determine the rates of formation of dlnitrophenol and 

of neutral nitro compounds, and also the weight ratio of 

DNP (or equivalent) to neutral nitro compounds. Experience 

with batch runs had indicated thot these data provide good 

indications of the performance of the equipment; the ratio 

of dinitrophenol to neutral products especially is a good index 

of the order of efficiency of the oxynitrstion, since c high 

ratio is indicative of a high oxynitrution yield. 

Some difficulty was experienced ES the result of 

using a fritted glass disk for the dispersion of benzene. 

In many of the runs a progressive clogging of the disk re- 

ducing the rate of flow of benzene was noted; sometimes the 

head of benzene above the disk rose so hiijh os to fill the 

side tube completely, and in such cased the runs had to be 

terminated. 

Several explanations were ndvanced to account for 

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

itated in the pores .*f the fritted disk or en its surfee; 

(8) nitric acid srluti n gradually »stted the surface ■ f  th« 

fritted disk preferentially, excluriin,j the benzene fr.m 

penetrating the c^pllUiry ponlngs; -mc- (3) pockets f gaseous 

products collected on the under side jf the tflo.ss c'is>. 
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None of these theories was completely verified, but it was 

noted that in runs with relatively high concentrations of 

manganous nitrate less difficulty was experienced with 

clogging, and since the chief function of manganous niträte 

is to promote the destruction of oxalic acid or mercuric 

oxalate the observation seems to give support to the idea 

that clogging is caused by particles of mercuric oxalate. 

In any adaptation of the extraction principle to 

large-scale operation, it would seem desirable to avoid the 

use of an injection device, such as ?.  fritted disk, having 

fine openings. It would be preferable to provide some means 

of varying the degree of dispersion at will. 

(g) Oxvnitratiftn Runs in the Mo. 4 Fritted Disk 

Extractor.- Table X summarizes the data concerning a total 

of forty-six runs made in the Fritted Disk (Mo. 4) Extractor. 

Twenty of the runs (including Run 4-3S and runs with higher 

serial numbers) were made by the "cold boiler" procedure - 

that is, without recycling of benzene by distillation. 

Stated very briefly, it is our opinion thst the 

dispersi .n of benzene int.- the reaction mixture in such finely 

divided form as from the fritted disk is not a practical or 

desirable procedure, although surprisingly high rr.tes of 

oxynitration and very satisfactory extraction efficiency can 

be attained in this way. The difficulty is that the 

oxynitration reaction proceeds, in poorer yield and with a 

higher proportion >f by-products when the solution is kept 
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near the saturation level with benzene than when the 

steadyatate concentration of benzene is considerably below 

saturation. Numerous runs by the bstch procedure, bear out 

this idea. 

The runs made in the Fritted Disk Extractor are, 

however, of great interest and value in establishing the 

Halting conditions for the process. 

By the use of rather high concentrations (11-13 ..!) 

of nitric acid in the Fritter* Disk Extractor, maintained by 

continuous fortification with 98# nitric seid, and with con- 

centrations of mercuric nitrate up to 1.0 M, rates of 

oxynitration as high ss 19S g. ^f DNP (or equivalent in PA) 

per liter of -ocynitrati-n solution per hour were obtained. 

If this rate were maintained, a given weight ■>£  oxynitrati n 

s:luti.;n could produce its own weight :f DNP approximately 

every seven hours, and in addition would produce a considerable 

amount of neutral nitr - compounds as by-pr:ducts. 

Extremely high ratos of ocynitrsti-n do n t appear 

t-: us to be practical, f-.r the following reasons:  (l) Mechani- 

cal difficulties complicate the operation at high rates - 
ation of heat of reuet' 

for example, turbulence caused by rapid evolution i' .;,as, -Ussi 

the difficulty of introducing fortifying nitric icid t: 

jrirjintain a constant uniform c.nccntrati n tar ;ugh~>ut the 

solution, and the lack f suitabl.; means f destroying ">alic 

acid at the very rapid rates of reaction;  (2) high rcacti n 

rates are abtained under reacti n conliti:ns which fav r the 

undesired reactions leading t : neutral nitr products ;.nr. 
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colored materials of unknown structure. 

A brief resume of the runs in the Fritted Disk 

Extractor follows. Runs jäbg through 4^7, inclusive, 4-10 

through 4-15. inclusive, and 4-86 were preliminary runs 

to establish the modus operand! for the Fritted Disk Extractor. 

The chief difference from operation in the jet typo extractor 

is the different rate of fortification necessitated by the 

more rapid reaction rates in the fritted disk type. 

Run 4-8 established that with 9.6 *£ nitric icid, 

0.24 M mercuric nitrate, and no raangon^ut nitrate, the Fritted 

Disk Extractor could bo operated continuously for fifteen wul 

one-half hours before clogging vf the dick occurred, w'ith 

m:-re vigorous reaction conditions and more rapid ;xynit)". ti :n, 

clogging occurred n re promptly. Run 4-16 shewed that :;irr>.n u; 

nitrate has a favorable action in delaying the clogging of 

the disk, although in the concentration used clogging o uld 

still occur. 

Runs 4-17 snü 4-SO provcu that, although the 

Fritted Disk Extractor can b«.< operated -.it :> temperature as 

high as 65C, the turbulence- at the higher temperature is so 

greet thct .-perati n is very difficult. 

Runs 4-21. 4-24. r.nd 4-30 were designed to study 

the effect öf th^ r&to ~f throughput ■.:. bensene but were 

inconclusive because the extreme importance f c c nstant 

nitric acid concentration was nor. fully appreciated. In 

later runs with more careful ccid control, 4-44. 4-45L end 

4-46. the results seemed to indicate that the throughput rate 
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has little or no effect upon the results obtained provided 

the minirauni requirements of the solution for reaction and 

extraction of products are provided. An exception to this 

statement was observed in Run 4,-23 using 7.4 41 nitric acid; 

in this run the rite of oxynitration was so slow (because -:.f 

the low concentration of nitric acid) that the intermediate, 

phenylmercurie nitrate, was extracted by the benzene end 

carried over into the side flask. Extraction >f Mercurial 

intermediates does not occur to an appreciable oxtent v.hen 

10 M op higher nitric acid, is used. 

Pun 4-22 duplicated 4-12 except that n deeper 

layer of Supernatant benzene remained in the reactor. This 

modification had no apparent effect. 

Runs 4-23. 4-25. 4-27. and 4-28 Show the ?rut-.t 

influence :.f nitric acid Concentration upon the vor'. 11 rate 

of formation of DNP. The reaction rate increases rapidly 

with increasing acid strength, especially in the range 11-.U: al. 

The magnitude if the change of rate with concentration is so 

large that the importance of aeintaining enstant nitric acid 

coneentrsti n can hardly bo ivor-e.'ipha sized. The reaction 

velocity increases so rapidly :■!-• ve 12  -I nitric aciJ that it 

is difficult to add 98$ nitric acid fest encugh to maintain 

a constant acid strength ir th^t ringt;. The fortaati r of 

neutral nitrj products is greatly favored in the r?.nKe cf 

12-13 M nitric acid. 

Run 1-31 showed that in relatively strong ritric 

acid with low mercuric nitrate level the rate cf f r;.::.ii TJ 
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of nitrobenzene remains high, while the rate of formation of 

nitrophenols is lower than with higher concentrations of 

mercuric nitrate in the sane strength of acid. 

The use of the "cold boiler" procedure was adoptee 

in Run 4-5S and all subsequent runs. The original objective 

of the "cold boiler" was to determine whether a considerable 

portion of the nitrobenzene is formed in the hot boiler 

flask. In the Fritted Disk apparatus, ct  least, the conclusion 

seems to be that the nitrobenzene- arises almost entirely in 

the reactor. 

Runs 4-35 through 4-4.1. inclusive, were made to 

c'eter.'aine what concentration of nang'.ncus nitrate will pr<.v..iit 

clogging of the fritted disk. For runs of fifteen hnurt, c 

minimum of 0.5 M rnanganous nitrate wes  required. Runs 4-<x2 

and <-45 were like 4-41 except that mangunous nitrate was 

omitted. The disk clogged in four hours and two hours, 

respectively, indicating clearly that inanganous nitrate is 

effective in c'elayinrj the clogging. The addition of r.anganous 

nitrate after clogging in Run 4-4S failed to clear the <-?isk, 

even when the temperature was raised to 58°C. The disk was 

cuickly cleared, however, by immersion in dilute hydrochloric 

acid, an indication that ;uer..uric ixelate is responsible for 

the clogging. 

Runs 4-44. <-47. 4-48. yg£  <--;cj showed that the 

manganous nitrate, in th.. concentrations used, has a pronounced 

cetalytic rcti n n the rate of form;ti MI ,f nitrophtr lie 

products. The "?ng:.n:us srlt, hrwever, promote«? th* f r.:,t.i n 
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of nitrobenzene to sn even greater degree so that less 

favorable weight ratios of DHP to neutral products were ob- 

tained in the presence of uanganous nitrate. 

In Run 4-50 a high mercuric nitrate concentration 

(1.0 M) was used in conjunction with 0.54 M inangancus nitrate 

concentration and 11.2 M nitric acid. This combir.'?;tion [;ave 

the highest overall oxynitrativ-n rate achievec1 in Thi*> Labora- 

tory, 193 g. of DNP per liter of solution per hour. The 

operation was c.«nplicated by turbulence of the solution, and 

the run had to be discontinued after two and ;-ne -h: If h urs 

because of clogging of the r'isk. 

The use of a lower temperature (35^0.) in Run -:-bl 

appeared ti offer no advantage. 

(j 

E. Other Extraction Apparatus 

(1) The No. 1 and No. £ Extrrctors.- The icoo 

of carrying out the oxynitratim  reacti n in a contiruous 

extraction apparatus grew out of the work of Dr. Baizer n 

the mercurati n of benzene in nitric acid, s.  sturdy vhich was 

intended t :• explain the role f the mercuric nitrate cstclyst 

in the oxynitrati.n process. Dr. Beizer ^served that 

nercurati n >f benzene ccurs very readily in nitric acid 

solution - so realily that if the primary pro-uct, phcnyl- 

mercuric nitrete, is n t rencved fr. a- the s lutin physically 

or by chenical reaction it will underg further reaction with 

mercuric nitrate to form di-mcrcurlc, tri-..;ercuric, and even 

tctr'\--;:ercuric derivatives. The preparation >f uonosercuratet 
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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 

polynercurial3 are insoluble. 

During the experiments on the morcuration of benzene 

and in the course of early attempts to propare mercurials by 

continuous extraction, it was discovered that the continuous 

extraction principle could be successfully applied to the oxy- 

nitration reaction itself.  The first extractor (referred to as 

No. 1) was designed for other purposos and was relatively in- 

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

wore sufficiently promising to justify the construction of a 

series of five additional models of extraction apparatus. 

The advantages of A  continuous process are obviousi 

(l) the operation does not have to bo interrupted for the 

removal of products, an operation which may require more time 

and labor than the actual oxynitrutiun itself; (2) tha roantiori 

products remain in contact with the oxynitration solution Jt'or 

a minimum of time, henoe are loss likely to undergo undesirable 

side reactions, such as merouration; (3) the removal of 

reaction products by continuous extraction largely eliminates 

the chance that mercury catalyst will bo retained in the 

products, inasmuch as mercuric nitrate is not extracted by 

benzene.  The direct filtration of solid product from the 

oxynitration solution, used in most earlier processes, cvun 

when followed by careful washing, always loaves a residue of 

the mercuric salt in the product. 
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The No. 2 Extractor, like the first model, was 

capable of operation at only one temperature. 

(g) The No. 5 Extractor.- The No. 3 Extractc.r 

was a snaller version of the No. 5 Jot Extractor. The 

reactor was a cylinder 8.5 ca. in dianeter by 19 en. in 

height, with a capacity of 760 nl. of  oxynitrati-n Solution. 

Four glass jets served to introduce the benzene. Rates of 

reaction wore lower in this apparatus than in later models 

because of the low rate of throughput :>f benzene. 

Although many runs were aade in the N' . 3 Extractor, 

many of them with complete benzene and nitric -.<cid balances, 

the data are not included in this report, i :.r a st   :f the 

results were repeated with ncre elab.rcte attentisn to 

detail in the later extractor models. The results -A-ere 

valuable in guiding the design and operation of the later 

models. 

F. Material Balances in Cntinujur Extractors 

Specific data regarding the runs in c^ntinu« us 

apparatus hsve \een discussed un^'er the headings ..f each 

of the v&ri us models (Sections I-B, -C, -D). The methods 

of c mputing yields have been described in Secti n 

I-B-(3)(c). The purpose vf this secti.n in  to sui-msrize 

seme of the cats on overall material balances in the 

vari-us c .ntinu :us extractor apparatus. 

Table XI (page 50L) summarizes data on the- Hnzcne 

balance fur runs rcado in Extractors 4, 5, r»nc 5h. TftMe VII 

(page 34a) summarizes balances in Extractor 5A  fcr v'tnz.:jne, 
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nitric acid, mercuric nitrate, nnd ioangcnous nitrate. 

In Table XI the weight of Benzene Not Recovered 

represents the difference between the weight of benzene ( 

added to the reactor and that recovered as benzene by the 

methods previously described. This v.'.lue includes any benzene 

lost by volatilization or accident. Thu column headed 

Net Benzene Reacting is equal to the weight of benzene 

not recovered :ainus the weight of benzene volatilized through 

the condenser and estimated by conversion to ja-DNB in the 

gas absorption tower. This figure is assumed to approximate 

the weight of benzene which actually enters into reaction 

in the reactcr; actually, this weight is somewhat hifjh for the 

reason already mentioned - that some benzene is unavoidably 

lost in handling. The yields of products in the next c.-lu::in 

are based upon the weight >£ nut benzene reacting; this is 

the "B-basis" f yield calculation described en page 38 . 

The final tabulation oncer the heading - f Fate . i' All Benzene 

Not Recovered ?.s Benzene is raade n the "A-basis" as ex- 

plained :n page  28. 

Th«. weight ->f  benzene vlstilized thr'-ugh the 

condenser and determined as jjj-DNB varied in a r:.ngt- of l.üjS 

to 12.1%.    The weight >f benzene which escapes in this way 

bears n. direct relationship t-  that which underg es 

»xynitrati jn, and is dependent up.n the design "nc temperature 

vf the condenser end the v ,iu.:.e f n n-c:ndenSoble gase:us 

reaction products. 
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The raost careful accounting of benzene was nade 

in runs in the 5* Jet Extractor, OS sunaaarized in Table VII 

(page  34a)• In a series of six runs the lowest percentage 

of benzene accounted for was 82.7$ and the highest 94.4%. 

In spite of the aost cereful efforts, the total of benzene 

accounted fcr fluctuated, a fact which is not surprising 
of tho benzene 

in view of the volatility/5nd the complicate«?, „iunipulati :ns 

that were required. If the lnwest value is disregarded (t s 

low because of accidental loss), the average total percentage 

-;f benzene accounted for was 90.9$. The benzene net accounted 

for was undoubtedly lost in suiall amounts during the v. rkuy 

of each of the reaction products; we dc not believe that ther«s 

is any single large loss or previously unsuspectec by-pr:"uct. 

F,T the entire series ->f runs made in the 5A Jet 

Extractor, the average yield f DKP *■  P*. based upon benzene 

reacting in the acid solution was 73.9$; based up'n the benzene 

n-.t recovered as such, the average figure wes 70.2J6. Run 5i.-6 

was the most sutisfact ry, with 81$ • f DrtP + PA based up->n 

benzene reacting, or 76.6$ based uc.;n t tul benzene not 

recovered .as benzene; this run was nade in 10.7 M nitric 

acid, 0.5 ill nereuric nitrate, and n ? aangsn« us nitrrt^. 

Run 5A-14 was aade under very nee.rly Siuilsr c nditi nc; ex- 

cept that 0.5 11 aangan'.us nitrate was us.."..; the yield f DNP + 

PA was 73/6 based up'.n benzene in the reacti n .aixture, .r 

69.1$ upon t. tel benzene introduced, but n t recovered. It 

sh ulc be noted that these yiold values are conservative be- 

cause they -re based up..n weights >f benzene which include 
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all losses in handling. 

Table VII further suooiarizes data on nitric acid 

consumption in the 5A Jet Extractor. In mst of the runs, 

98-10058 of the nitric acid wa3 accounted for. T:.kin?: Run 

5A-14 as typical, abcut 2/3 of the total nitric acid intro- 

duced during the ttn-h^ur period was still present in the 

oxynitrati-n s:;luti r :r in w:-;shings, a".-.-ut «3QJ& had been C-H- 

verted int? recction products, about 1£$ had boon evclved as 

nitrogen oxides recoverable as nitric acid, while >nly at ut 

2%  of the t tal nitric ?cid was lost as elementary nitr^en 

or non-rec -verable ^xideSji 1.7$ :f the- nitric acid was net 

accounted for. 

• Mercury :nc! aanganese were accounted for qucntl- 

tatively, within the cccur^cy f the analytical aetheds for 

their determination, in the .xynitratin solution r in the 

rinsings from the apparatus. Carryover of aercury catalyst 

into the evaporator flask in the benzene extracts is ap- 

parently negligible under the conditions -f :perati <n used 

in the 5A Jet Extractor, as qualitative tusts for -ercury 

made at intervals >m  the caterltl in the evaporator flask 

were almost always negative. The ..nly n .isinincr :-perctivn 

which iüight result in 1 ;ss :f .xrcury catalyst is the con- 

centration of portions of withdrawn ^cthur liquor t. s..;:ii 

volume by distillation, ~iv'  loss.;« fr,o this s >urcv: wrajld 

result  nly fron carelessness in handling. Data »n 

manganese balances sre av. .liable f r nly -no run; it is 
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natural to assume that losses of manganese would net be 

greatly different frorj losses of aercury. The Methods of 

sampling and analysis admit cf appreciable err_r, but as 

nearly as can be i-etermined (-  1#),  the loss of bi th 

metallic salts is ssiall. 

G. Discussion <-f Results :f Runs in Continuous Extractors 

(1) Effect -if Nibric Add C -ncentr:- ti :n.- 

Westheimer*0 has stu-Ii^d the kinetics :.f aorcuration ->f 

benzene in nitric acid saturated with benzene. He has 

shown that, under the usual conditions rf practical oxy- 

nitration, the- uercurati.n step (cf. page  9) is the rate- 

controlling one. Since the rate .f sercuratien is extremely 

lrn in very dilute nitric acid and increases rapidly .s. the 

strength >f aeiö increases, ne w-uld expect the versll 

rote ^f «ynitration t vjry sinlltrly. This has teen re- 

served experisentally in the continuous extractors. 

The great change in ■ xynitr:. ti' n vc te v.ith change 

in nitric acid encentrati r.  na«ces careful contr.l f the 

sei::' strength by analysis %nC  cntinu'-us fortification 

essential. Early ';3tch runs were usually -ot^de with a fixec1 

Buount "f nitric acic present; it is not surprising that 

yields v;ere usually lew, since the reaction th.;n areeeecet.' 

in constantly decreasing aci.-'. strength. 

Figure 3 shows s.-ie i" the date >f nestheiaer n 

th«. apparent rot;- c nstants f r :aercurati n f benzene 

;,1 tted agrir.s.t the .vlar c.ncentrati n *f ritric acic". 
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The constants, k., are dciine^ by the equation 

d [c6H5HgN05] .   k  [Hg++J 
clt 

for solutions constantly kept saturated vith tenaene 
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It is obvious that if i&ercuration is the first 

step of the oxynitration sequence, whatever the final path 

may be to nitrophenol from tho  mercurial, the maximum possible 

averall rate of oxynitraticn will be attained if the s-luti n 

is constantly saturated with benzene ;ind  if all -f the 

benzene which undergoes .r.ercurati :n is enverted in 100$ 

yield tc DKP. It is possible :n  this basis to estimate the 

maximal rate of jxynitreti>n under a ^iven set of c. nciti :ns 

from riercur?;tion kinetic date provided by ftestheiiiier. Some 

interesting crrrelati >ns s* "btained will be c.iscussed in 

Section 1-G(9). Actually, f course, the rates .£  uxy- 

nitrati:n observed in tht extractor apparatus art usually 

less than the limiting values, since the soluti n is loss 

than saturated with fcenaene and since there are side reactions 

which produce neutral by-pr .ducts ?t the expense f nitr-phen-ls 

An interesting exception t. this statement has been noted 

(cf. page  73). 

The .nalntenance of a c .nstant level *>f nitric acid 

c -ncentratim is of greatest importance. Fortunately, there 

exists a c:nveniunt automatic c smpensating effect which 

simplifies the problem f maintaining a constant ccid strength. 

When the fortifying acid is added continuously, the rate .r 

f rtificati >n is found tc determine eventually the steady- 

state nitric acid concentrsti n in a l-'ng run. Once the 

proper f rtificti n r!-tc ii> -Use vyred v-y  experiment, it 

becmes a fairly simple r.atter t h lc" the acid level c-.nstant. 
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If, for exauple, the ;JC1C strength rises slightly noaentarily, 

the resulting sharp increase in the uurcuration rate ~.ne in 

turn the oxynitration rc;te begins to use up nitric tcid u;ore 

rapidly fcnd the ^cic" strength is reduced again« Cinversely, 

a temporary fall in the acid strength iirxLuces a corresponding 

decrease in overall reaction rate so that nitric reit1 is 

consumer' somewhat less rapidly and the fortification is able 

t:-> restore the original strength. This compensating o.cti->n 

is of course only effective within liuits, cm1 it is essential 

to establish approximate sptiouu conditions by the use of 

oilot runs. 

There is an ther reason v;hy the -iaintdnencs • f 

a crnstant nitric nciC  concentration is very iLij-ortant: it 

was shown by Westheiaer that the Path A "Rearrt.ngei.ient 

Kuchanisu" -ccurs :;s the :aaJor process in concentrations .f 

nitric acid abeve ab::ut 5QJ5 by weight (10.4 M), especially 

when the c-ncentrati n f nitrogen otides is low, "'>ut below 

5036 nitric :cici strength, and ^jrticulnrly when the level 

;f nitrogen oxides is hi^h, the P .th 3 "Diazoniun Mecht;nis'.a" 

is the ,.r=.C »uin-sting process. Th.. yields :..nd quality f 

nitrophenols .r-^uced '-r«: superior in the P.th A aiechan:lsr:. 

(g) lr.: .-rtance -f ^ieth-c „.nd R,.tv^ of 5er.z...ne 

Aciditi -n.- Th«.. devel ■ uont raiC  successful ..er: ti n f the 

c ntinu us extraction apparatus h:vu dei.cndee very largely 

u,. n the c-rrectness ..f the fundü-iental itfea that benzene is 

•nly xynit.r-t...•■:' when it is Hiss in the rc,u-.- :u£ nitric 
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acid solution containing mercuric nitrate catalyst. Benzene 

present as a separate liquid phase is not effective in the 

oxynitration process except as it helps to maintain a suit- 

able concentration of dissolved benzene in the acid phase. 

Westheiraer has sh wn that tht solubility f benzene 

in 50# (10.4 M) nitric acid at 403C. is 6.4 g. oer Liter. 

In any actual apparatus the c?ncentrati:n  of dissolved but 

unreacted benzene will vary between 0 an£ the level :f 

saturation. The concentration will be the resultant of the 

rate if solution and the rate of disappearance of benzene to t<* 

reaction products. 

Numerous experiments by earlier investigators as 

well as by other groups in the KDRC and in this Laboratory 

have convincingly demonstrated that the oxynitr'.tti n reaction 
relatively 

gives poor yielOs -f nitroAnen;lic prx'uct, with/high yields 

of nitrobenzene and dark by-products, when the s luti n is 

ke^t saturated by vlg r^us agit&ti-n f an excess :i  liquid 

benzene with the s-.lution. Bachaann and others have shown, 

on the other hand, that the yield of nitr.phenol an*-1 also 

its quality increase sharply as the time of addition -f a 

fixed weight of benzene is increased, but the yield eventually 

levels off t-nd becomes constant as the time :f additi n is 

increased; stated in other words, there is an vti:ai:u rote- f 

addition of benzene, Mid thit is f-uni" t: b«_ related t-, the 

rate rt which the Solution is capable of ..xynitratinj benzene 

under c given set ;-f conditions. 
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The mere presence of excess benzene is not in 

itself disadvantageous except when vigorous agitation is 

used. Vignon5 was able to obtain high yields of nitrophenolic 

material in unstirred runs with excess benzene, and the 

Barrett Company found that the rate of agitation has an in- 

fluence upon the yields when an excess of the starting 

material is present. 

We have found that the tenner of introduction of 

the benzene is a variable of graft i',?.;.)ortance in the con- 

tinuous extraction process. This is und.iubtt.dly due to the 

fact that v.hen such c large excess of benzene is used 

(usually ;nore than ten times the weight <;f benzene which 

reacts) the raty of throughout of benzene snd the decree of 

dispersion in the solution determine very largely the steady- 

state concentration cf diss^lv^d but unreactod benzene 

(the rate cf transfarmstion of the benzene tc intermediates 

is the other determining factor). No stirring is used in 

the present aodels ;f the continuous extractors other than 

that provided by the u;ward T. >vement of benzene droplets, 

the dewnv/srd M^ve^ent of f ■ rtifying seid, ->ncl the c vnvecti n 

currents. These seen tc be quite adequate in 3p, r.-rntus -,f 

the scale herein describe:?. On c larger sc: le it would 

; env-ps bo -r dvsntage ;us t. provide soiae gentle sv.ir.Ling notion 

in order to insure ig^iriüt the forraatl n of ,. :ckets with ex- 

cessively low :>r hi^h ecid c ncentrati r. ;r:c t. facilitate 

the uniform extraction -f pr:Aucts. It should bt eu, .hasized, 

however, ttot the stirring should n~t be s- vi .lent as t 
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break up the droplets into a very fine state of subdivision. 

In practice it was found that a cluster of 22 

fine glass jets gave better results than a coarse fritted 

glass disk, for two reasons: the. jets do not clot easily 

and they Co  not disperse the benzene too finely. The fritted 

disk - even the coarse grade - gives a shower of extremely 

fine droplets which rise very slowly through the solution. 

Such a condition facilitates the dissolving of the benzene, 

and the results appear to indicate that with the fritted 

disk extractor the solution operates very near the saturation 

level. The jet extractor, on the ^thtr hand, breaks up the 

benzene into a smaller number of larger droplets which rise 

fairly rapidly thrnugh the s::luti n. The observed reaction 

rates suggest thst the solution is about one-third saturated 

with benzene, and this -d\ ^arently is a very favorable level 

to produce good yields jf nitrophen^ls with relatively small 

amounts of neutral „r-ducts and colored by-products. 

In the 5A Jet Extractor, the £2 glass jets nave 

internal diameters of approximately 0.3-.3mr;. The rat', "f 

thr-ughput :.f benzene is such that about 3-5$ of the benzene 

dissolves and reacts. 

In summary it can be seid thet the variables 

which affect the steady state c ncentration of dissolved 

but unreactcd benzene are -r.s follows: 

(1) The rate of Injection f benzene int. the 
jxynitration solution, usually expressed in terms of 
ml. of benzene ier liter .f cxynitration solution 
per h;ur. 
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(2) The degree of dispersion of benzene in the 
oxynitration solution, expressed most conveniently 
perhaps as the overage size of the benzene droplets in 
the solution. 

(3) The average time of contact of the droplets 
of benzene with the reaction mixture. Naturally the 
smaller drops rise more slowly and remain in contact 
with the solution longer. The dimensions of the 
apparatus also affect the time of contact. 

(4) The concentrations of nitric acid, mercuric 
nitrate, and mangamus nitrate which determine the rate 
of mercuration, and hence the limiting rate of oxy- 
nitration, of the solution. 

(5)The use of supplementary means of agitation 
will to some extent influence the amount of benzene 
which dissolves and reacts. 

Not all of these v?riables have been investigated 

in detail. The results described should, however, provide 

a useful guide for the construction of larger scale 

equipment. 

(3) Effect of Mercuric Nitrate Concentration.- 

In the kinetic expression for the rate of mercurction 

given by Westheimer  the rate is directly prcportianal to 

the molar concentration of mercuric salt. It would be 

expected thrt the overall rate of ixynitrati :<n will bo 

similarly dependent upon the catalyst concentration. When 

all other conditions are carofully kept as ne?.rly constant 

ss possible, this assumption seems t :■ be true. The in- 

fluence upon the results produced by vari:.ti.:n& of the 

catalyst concentration in the range if O.ü tr. 0.7 M, or 

perhaps even greater, nre relatively small es con?psred with 

the very greet effect of variations of acid strength r ,f 

the manner f oddin^ benzene, s: that the msintenence cf an 
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exact concentration of catalyst is not of tremendous 

importance. 

In most of the runs in the Jet Extractor, a 

concentration of 0.5 M mereuric nitrate has been fount? to 

give very good results. Doubling the catalyst concentration 

helps to increase the oxynitration rate, but since the 

moderate rates obtained with 0.5 M concentration are most 

convenient from the standpoint of operation, the attainment 

of high reaction veljcities is not an objective. 

The thought has been expressed that the use of 

higher catalyst concentrations should favor oxynitration 

over the side reactions leading to neutral reaction products. 

Vic have been unable to prive this because the, effect, if any, 

must be small and easily obscured by variati ns in ether 

factors. 

(4) Effect of Temperature.- The overall rate of 

oxynitreti-Ti increases roughly by a factor of 1.8 tc 2 with 

each 10CC. rise in reaction temperature. The rcaeti-n appears 

to be qualitatively about the same in the range from room 

temperature to about 55-60'C. Above approximately 60CC. 

the c-nditions favor the nitrati.n of benzene to nitrobenzene 

somewhat more than the conversi ->n to nltrophenala, and the 

reaction of DNP to form PA begins to occur at increasingly 

important rctes, particularly when the c:ncentration .f 

nitrogen oxides is hitfh. The temperature range of 50-60''C 

hr.s been found to give the most satisfactory results in 

general. 
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(5) gffeet of uaagaBtaU ELUtato-- The oxalic 

acid which is formed as a by-product in the oxynitration 

process reacts slowly with nitric r.cid to fens carbon 

dioxide and nitrogen oxides, but the rate of destruction in 

the absence of catalysts is unable to keep pace with the 

rate of formation, with the result that eventually enough 

oxalic acid accumulates to cause precipitation of the in- 

soluble solid mercuric oxalate. Precipitation occurs at a 

concentration of approximately «30 g. of oxalic acid per liter; 

the- mercuric oxalate tends to supersaturate the solution, 

but precipitation occurs fairly rapidly when nee started. 

The catalytic action of manganous nitrate upon 

the reaction between oxalic acid and nitric acid is well 

known."  Manganous nitrate has been ."deed to oxynitration 

mixtures t:> serve both as a  catalyst for the Dxynitration 

reaction .?nd also t- hasten the destruction cf the by-product? 
go 

Bachmann  has made a careful study of the kinetics of the 

catalyzed destruction of oxalic acid. He has shown that 

the rate cf decomposition of oxalic acid increases v.ith 

increase of both the meng&neus salt and the oxalic acid 

concentrations. At any given rrte "f :xynitrati n,'vith a 

given concentration )f :;iang£n'-;UE nitrate, there is a definite 

concentration of oxalic odd  f-.r which the rate >f destruction 

is equal t the rate :f forafc.ti.-n. The problem is t • select 

the proper concentration of aangan-ms nitrate s that the 

steady-state level of oxalic acid will remain safely below 

81 
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the level at which precipitation of catalyst begins. The 

data of Bachmann allowed us to select a suitable salt con- 

♦«••»•♦ton wltfti a minimum of experimentation, tt was four»« 

that, under optimum conditions in the 5A Jet Extractor, 

0.5 M manganrus nitrate is able to hold the level of oxalic 

acid concentration to approximately 1£ g. per liter of 

oxynitratir.n solution. 

There appears t-; be s definite increase in the 

rate of formation jf DNP + PA resulting from the use of 

0.5 M manganous nitrate. This is best shwn in results ob- 

tained in the Fritted Disk Extractor, and will be discussed 

in detail in Section l-G-(9). The rate of formation of 

nitre benzene als.; appears to be increased; the proportional 

increase in the rate of formation of nitrobenzene seems, un- 

fortunately, to be greater than the incres.se in the rate of 

formation of nitrcphenjlic material. 

The catalytic effect of mangan~us nitrate en the 

nitration of o-nitrophenol and p-nitr:phen~l in aqueous 

nitric acid was noted in this Laboratory eerly in the course 

vf the present investigation.   Bachnann  investigated the 

catalytic action of manganous salts on the nitration r.f DNP 

to PA in aqueous nitric acid. The fact has beer, repeatedly 

verified that a higher proportion >f  PA is formed when 

manganrus nitrate is present than when it is absent. S^ine 

exj erircents t illustrate this effect, are sh-wn in the 

next sect!.n dealing with the effects :f nitrogen xides. 

• 
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A comparison of data for run* made in the extractor apparatus 

with and without "file added manganese salts will confirm 

the observations made in separate experiments with nitro- 

phenols. 

If it were considered desirable to fdapt the 

continuous oxynitration reaction to the production of 

2,4-dinitrophenol free, or nearly free, of t,icric acid, 

further study would need tj be made of catalytic means of 

destroying oxalic acid without at the same tinie promoting 

the nitration of DNP. There are indications in the 

literature" that substances other than manganous nitrate are 

capable of promoting the- destruction of the by-product, but 

as yet n?ne *;f these has been studied in the oxynitration 

process. The possibility of allowing mercuric cxalate t-: 

precipitate frcm the mixture so that it can be separated 

mechanically for recovery of cctalyst in a separate unit has 

been suggested, but has not been tested experimentally be- 

cause of the ccmplications of operation which this practice 

would entail. 

(6) Effect of Nitrogen Oxide Concentration.- 

Westhei.uer has defined the complex equilibria v/hich btain 

in a solution of nitrogen oxides in approximately 5Qj8 nitric 

ocid in terms r,f on analytical value f r nitr us seid.25 

Since most of the oxides -f nitrogen Lr.  nitric acid solution 

ore in equilibrium with nitr :us seid, :r aru e nvertible t 
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nitrous acid upon dilution, this somewhat empirical measure 

of the nitrogen oxide level has been adopted in this Labora- 

tory to follow the chcnges in nitrogen oxide concentration 

in the Jet Extractor (5A). The analytical method used by 

Westheimer involves the dilution of a measured volume of 

the oxynitration solution with a large (known) volume of 

water, then the determination of the amount of nitrous acid 

in an aliquot by diazotizing an aromatic amine, coupling it 

with a cclor-j.'orming agent, and measuring the intensity of 

the resulting color in a photoelectric calorimeter. 

This procedure gives an overall measure of the 

oxide level, but does not accurately measure the concentra- 

tions of the individual nitrogen oxides. The present knowledge 

of the mechanism of the oxynitration process is not sufficient- 

ly detailed to provide exact information as to which oxides 

are needed in each of the steps, nor what the optimum concen- 

trations are for each separate step. 'Westheimer has calcu- 

lated*8 that a level of nitrogen oxides corresponding tc ap- 

proximately 0.04 LI nitrous acid should be optimal for the 

reaction in 50# (10.4 M) nitric acid at 50"C, or 0.35 LI 

nitrous acid in 60J6 nitric acid :j.nd with low mercuric concen- 

tration. 

In Run 5A-19 the nitrogen oxide level was f ..und 

to rise promptly to a nearly constant value equivalent to 

0.22 M nitrous acid, which is somewhat higher than westheimer'8 

calculations would predict as the most favorable (cf. p;.r;e 13). 

This level is less, however, than that in a 50$ nitric acid 
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solution saturated with nitrogen oxides (0.35 it, 50% HN0s, 

50°C). We have made no effort to vary the nitrogen oxide 

level in the 5A Jet Extractor, since the experimental modi- 

fications required for such a purpose would greatly complicate 

the construction and operation of the continuous extractors. 

We have obtained data in batch runs and in other models of 

the extractor apparatus, hcwever, which indicate that both 

the extremes of very low and very high nitrogen oxide levels 

are unsuitable for the oxynitration reaction. '.Vhon nitrogen 

oxides were passed into batch oxynitration reaction mixtures 

from an external source, the yields of DNP (and/or PA) were 

invariably lower than for similer runs without coded oxides; 

the addition of cxides also promoted the formation of dark 

red by-products which were very difficult to remove from the 

25 nitrophen^lic product. Westheimer has shown  that a high 

nitrogen oxide concentration favors the mechanism sequence 

involving an intermediate diazonium compound (Path Bf 

page  10); since this mechanism is known tc give poor yields 

of nitrophenols and considerable dark ty-products, a low con- 

centration of nitrogen oxides and relatively hitsh nitric acid 

concentration are preferred because these conditions are 

unfavorable for the diazonium mechanism and f-iv rablc for 

the altern&tivo Path A mechanics: (v.s.). 

The effect of cli.ränatin^ nitr >gen jxides in the 

ontinu-;us extraction ap^-ratus is very interesting, sine«.-; 

it loads t. the formation -i' i-henyLaorcuric nitrate without 

the occurrence of the subsequent ste>s .1" the .xynitrcti-on 
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sequence. Phenylmercuric derivatives were isolated from 

reaction mixtures in rather dilute nitric acid (in which the 

oxynitration reaction is very slow) early in the investi- 

27 gations in this Laboratory.   Viestheimer later sh./vred that 

good yields of phenylmercurie nitrate could be is elated 

when urea is added to a typical :xynitration react! TI mixture 

to destroy nitrogen oxides. 

A reaction was carried out in the No. Z  Jet Ex- 

tractor usinn the usual oxynitration mixture but with the 

inclusion of urea in the starting acid. The product ex- 

tracted from the solution was n::t the usual fixture of 

nitrobenzene and nitrophenols, but instead consisted :f 

nearly pure phenylmercuric nitrate, v.hich is. somewhat a  luble 

in benzene. Y«hen the urea was present the solution remained 

practically colorless, and n~> nitrogen oxides were evident. 

The use of the continuous extraction principle for the 

preparation of phenylmercuric nitrate in aqueoxis nitric acid 

is, we believe, new, and should afford a convenient method 

f?r the Manufacture cf that :norcurial. The mercuratlon wts 

not studied in detail in the cvntinu rus reectersj only a 

single run was made in the No. 3 Extractor, as described below: 

The Preparation ■<!'  Phenyl.'iercuric Nltrrte 
by Continuous Extraction.- Thy stock s.lutin 
introduced int i the No. 5 Jet Extract..;r contained 
70 g. ;f mercuric ocide, 41 ml. of 70# nitric acid, 
5 g. )f urea, and sufficient 50$ nitric acid to 
raske the volume up to 75C ml.  Benzene was circu- 
lated through the apparatus by distillcticn, as 
previously described; except i' r the inclusion 
of urea, the procedure did n t differ fr.r.i *hst 
•jf oxynitration. The extractor was jporatoC 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°. '«ftien the luother liquor in the 
reactor was diluted with water and sodium chloride 
was added to the solution, 37.2 g. of white- solid, 
m.p. 225-250°, precipitated. This was considered 
to consist principally of phenylmercuric chloride 
(equivalent to 4Q.3 g. of phenylmercuric nitrate). 
Unreacted benzene was recovered as carefully as 
possible. A total of 24.2 g. of benzene was un- 
accounted for. 

The experiment of mercuration clearly demonstrates 

that the catalytic function of the mercuric nitrate involves 

the formation of a reactive phenylmercuric derivative, and 

also proves the necessity for the presence of nitrogen oxides. 

Under normal circumstances there appears to be no difficulty 

in the prompt formation of at least the minimal concen- 

tration of nitrogen oxides, even though little or no oxide 

is present in the starting mixture. The induction period 

for fresh oxynitratlon solutions appears to be a matter of 

minutes, as judged by the rapid darkening of the initially 

pale s lution, and, in the extractors, by the prompt beginning 

of the extraction of reaction products from the solution. 

Nitrogen oxides, :>r perhaps nitrous acid in 

equilibrium with nitrogen oxides, also oid in the nitration 

-,f nitrophenols, as, for example, in tho c.nversi n :S  DKP 

to PA. The higher the concentration ;f nitrogen oxides the 

more rapid the conversi n of DNP t -. P^ appears t> bo. 

In order to demonstrate that the nitrogen oxides 

are involved in the nitration f nltr «phenols end have an 

important influence n the rotes sf  nitration, i   series r?f 
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experiments w&s carried out in which 30-g. samples of pure 

DNP were heated at 55°C. for seven hours in 700-ul. volumes 

of nitric acid. Different concentrations of nitric acid 

were used. In one group of experiments a gentle stream of 

air was drawn through the mixture while in another group 

of experiments nitrogen oxides generated from the action of 

sulfuric acid upon moist sodium nitritu were passed through 

the reaction mixtures. The results, summarized in Table XI a 

below, clearly show that the presence of added oxides greatly 

increases the extent of conversion of DNP to PA. In the case 

of the very strong nitric acid (70J6, or approximately 15 M), 

some of the DNP was destructively oxidized with the formation 

of nitrogen oxides internally, and extensive nitration --ccurred 

even though no nitrogen oxides were added from an external 

source. 

<. 

Table XI a 
Effect of Nitrogen Oxides in Promoting Nitration 

of Dinitrophenol in Nitric Acid 

• 

N^. Nitrogen Oxides Nitre «en Oxides AiVed 
10.2  12.7 15.2 10.0 11.9 14.2 14.4* 

0.7%      7 %    63 % 30 %    55 %    70/3 99+ % 

Average Con- 
centration of 
Nitric Acid (M) 

Per cent con- 
version of DNP 
to PA 

*In this experiment Introgen cxides wore added to 
the nitric seid which contained a concentration of 
0.5 M r.".aniran"'us nitrate. It is clear that manganous 
nitrate pror.otss the nitration -f DNP to PA. 
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Seme of the nitration of DNP to PA which is ob- 

served in the extraction process probably occurs in the 

evaporator flask during prolonged heating of the DNP in hot 

benzene solution containing dissolved nitrogen oxides. 

(7) Effects of Other Variables.- Wright has 

recommended the use of small concentrations of aluminum 

nitrate in the oxynitration process. In batch runs we have 

been unable to observe any effect due to aluninua salts in 

the concentrations recommended by Wright. This salt was 

consequently not used in the continuous extraction process. 

(8) Rates of Extraction of Reaction Products.- 

The successful operation of the continuous extractors c'uring 

long periods without interruption depends upon the capacity 

of the excess benzene to extract the organic reaction 

products from the reaction mixture at rates equal to their 

respective rates of formation. At the beginning of a run, 

when little or no products are present, tho rates of ex- 

traction will of course be very small but will increase as 

the v/eights of dissolved reaction products increase. For 

successful results the rates of removal of products must 

increase until they equal the rr.tes of formation; when this 

steady statu is reached there will be a constant residual 

level of each product dissolved in the oxynitration üoluti'n. 

Fortunately, the factors which determine tho 

efficiency of removal of products also partially determine 

the amount of benzem. which dissolves and reacts. The r^t^os 
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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- 

traction 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 efficiency 

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 a greater extraction efficiency than 

the jet types, and is suited for the removal of reaction 

products even when the oxynitration rate greatly exceeds 

100 ?. of DNP per liter of solution per hour. 

To determine whether the efficiency of extraction 

is adequate for any given set of conditions, it is only 

necessary to change the evaporator flask at regular intervals 

and work up the separate portions to determine whether the 

rates of extraction are constant and equal tc the rates of 

formation of products. This was Oono in Run 5A-12, and 

the data of Table III (page S3 ) show how the removal of 

products kept pace with the reaction rates. 

Figure 4 shows graphically the relationship between 

the formation and extraction of any single reaction products 

The s-)lid curves a, b, and c, represent the plots of total 

weight of product forned (vertical axis) against total time 

of reaction (horizontal axis). The slope of the curve at 

any tine, t, gives the rate of formation of tht product at 
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that tine. The dotted curves show the total weight of 

product extracted plotted against time, and the slope of the 

dotted curves at any point indicates the rate of extraction 

of the product at that time. The vertical distance between 

any pair of curves at any given time represents the weight of 

the product remaining in solution in the reactor at that time. 

Curves a represent the situation in which a moderate rate 

of formation of product prevails, and the extraction ef- 

ficiency is high. Here the induction ^eriod is short, and 

the residual concentration of unextracted product is small. 

Curves b represent the situation in which there is a rather 

rapid rate of formation with fair extraction efficiency. In 

this case the rate of extraction of prcduct eventually be- 

comes equal to the rate of formation, but the residual con- 

centration of unextracted prcduct. is fairly great. Curves c. 

represent the situation in which the rate of  formation of 

product is greater then the capacity of the apparatus tc 

remove the pr )duct; the result is that the rate of extraction 

never catches up with the rate of formation, and eventually 

this situation must lead to the separation cf the unextracted 

reaction product as a separate solid or liquid phase. 

(9) Conmarls n of Observed Retes of Ox'/n^ trail on 

With Theoretical Rat&s.- As explained in Section I-A-(l) 

(page % 8 ), the first stop of  the oxynitrati ;n seauence is 

the raercurati n :>f benzene, and under the conditions used 

in the present practicsl processes it is the rate c-ntr Hing 

step. On the basis :f several simple assumptions 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 

d [c6HsHgNOs3 

dt 
= k [Hg++3 , 

l 

C 

for solutions of nitric acid saturated with benzene. 

In the expression above, LC6a5iigN0$2   and. LH6++J ar,i'  the 

concentrations of intermediate and of mercuric ion in tcr'js 

of molarity, and k. is the velocity constant in min."  Some 

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

to show the magnitude of the influence of nitric acid con- 

centration on rate of mercuration. The assumptions involved 

in the calculation of maximum oxynitration rates are as follows: 

(1) The acid is kept saturated with 
unreacted benzene. 

(2) Side reactions to form neutral nitre 
product« can be neglected. 

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

(4) When a steady state is reached in the 
continuous reactors, the rate of formation of 
DNP in moles per liter per hour will be equal 
to the rate of formation of phenvlmercurie 
intermediate. 

In making the calculations ot  the theoretical 

»aximura „xynitrati ;n rates, the- final values for the rates 

of DNP formation in moles per liter per minute are converted 
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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, in 

solutions containing only nitric acid, mercuric nitrate, and 

benzene as starting materials. 

r 

Table XII 
Comparison of Observed and Calculated Rates 
of Formation of DNP in Continuous Extractors 

in the Absence of Manganous Nitrate 

Temp. 
°C. 

Molarity Rates of DNP Ratio of 
Run Nc. 

HN0B Hg4 + Formation Obs./Calcd. 
Rates Obs. Calcd. 

4-49 45° 12.4 0.32 71 70 1.0 
4-37 45° 12.9 0.50 120 150 0.8 
4-38 45° 12.0 1.00 137 170 0.8 

5-26 40° 12.9 0.50 29 95 0.30 
5-16 55° 10.5 0.50 21 74 0.27 
5-23 40° 12.8 0.70 36 125 0.30 
5-24 40° 12.7 1.00 32 165 0.20 

5A-2 55° 10.6 0.50 27 80 0.34 
5A-6 55° 10.7 0.50 27 85 0.31 
5A-10 55° 10.5 0.50 £4 75 0.32 
5A-11 55° 10.5 0.50 27 75 0.36 
5A-5 45 ° 12.1 0.60 33 105 0.31 
5A-8 45° 12.1 0.60 34 105 0.32 

It should be recognized that the calculated 

rates are only approximate because of the number jf as- 

sumptions which are made in arriving at the values. Further- 

more,the comparison may not be strictly accurate bemuse of 

unavoidable variations in the acid strength during a run 

which wouic1 appreciably influence the average reaction rr:te 
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for the whole run. In spite of these uncertainties, the 

ratios of observed to calculated oxynitration rates remain 

surprisingly constant for each different type of reactor. 

The rates observed in the Fritted Disk Extractor (Ko. 4) 

approach the theoretical limit rathur closely, suggesting 

that the solution ir the Fritted Disk Extractor is kept 

nearly saturated v;ith benzene :it all times, es previously 

suspected. 

The Jet Extractors show reaction rates of roughly 

one-third the Uniting value, and this uey i~e accounted for 

by the assumption that the solutions in the jet uxtraetcrs 

are much below the saturation level cf benzene. 

Surprising and interesting results are obtained 

by similar calculations for runs uade with oxynitraticn 

solutions containing mangan-us nitrate. Some of these data 

are summarized in Table XIII. 

c 

Table X1I1 
Comparison of Observed and Calculated Rates 
of Fcrmatirn of DNP in Continuous Extractors 

in the Presence of Liiangenous Kitrate 

Run No. Temp. 
°c; 

Molarity Rites 
Fon:1 

of DNP 
itlon 

Ratio of 
Obs./Calcd, 

Rates HHO3 Hg++ Mn++ 

Obs. Ceiled. 

4-47 45° 12.0 0.32 0.25 65 53 1.2 
4-46 45" 11.8 D.32 0.5-i 72 48 1.5 
4-45 45 3 11.7 0.32 0.54 70 45 1.55 
4-44 45° 11.7 0.22 0.54 73 "5 1.6 
4-50 45 c 

11.2 1.00 0.54 193 "105 1.84 
4-48 45° 11.5 0.32 0.95 ao 40 2.0 

5A-12 55': 
10.3 0.50 0.50 31 70 0.44 

5A-14 55 10.4 0.50 0.50 31 75 0. 12 
5A-17 40 •' 12.6 0.50 0.50 15 80 0.18 
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In all runs made in the Fritted Disk Extractor 

(No. 4) the observed refceswere consistently higher than 

the calculated values by factors ranging from 1.2 up to 2.0. 

In Runs 5A-12 and 5A-14 the ratios of observed to calculated 

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

runs in the same apparatus in the absence of manganese. 

The low value in Run 5A-17 is easily explained by consulting 

the data for that run; under the Unfavorable conditions 

used in that run a large portion of the benzene which under- 

went reaction formed nitrobenzene, so that the observed 

rate of nitrcphenol formation was correspondingly lower 

than it might have been. 

The data are not sufficiently accurate tc justify 

any emphasis of the importance of these data.  It seems 

definite, however, that manganous nitrate has an appreciable 

influence upon the rate of formation cf DNP, and that in the 

Fritted Disk Extractor, which operates near the saturation 

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

dicted from mercuration studies made in the absence of 

manganous nitrate. The explanation for this observation is 

nrt immediately obvious. The manganous salt may catalyze 

the mercuration step, cr increase the rate of s- lutivn or 

solubility of benzene in the reaction mixture, or perhaps 

it influences the equilibria ;f nitric &cid and nitrogen 

oxides in such a way as t-^ promote the .verall reaction or 

affects the analyses for nitric acid u^m which the calculated 

rates are based. 
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The use of the kinetic data is also of indirect 

value in affording a means of predicting roughly the rates 

which nay be achieved under combinations of conditions which 

have not been studied in actual oxynitration runs. 

H. Proposed Methods of Separating Reaction Products 

The investigation of the continuous extraction 

process in laboratory models has been carried out with the 

primary objective of obtaining data as accurate as possible 

on the yields of products formed in the reactor. To do this, 

very elaborate precautions have been taken tc isolate the 

products as nearly quantitatively as possible and to analyze 

mixtures for the individual components. The separation of 

DNP + PA from neutral products was made by the use of aque-uc 

solutions of triethan.-lamine (TEA), which forms water-s'.lubie 

salts with nitrophenols (a method suggested by G. F. Wright). 

It was realized that the tqeth.ds suitable far the laborat ry 

investigation would not be suitable for large-scale production, 

and that sooner or later an investigation of methods for the 

separation of the reaction mixtures would need to be under- 

taken if the continuous extraction process were to be de-" 

veloped to pilot plant scale. 

We have considered a number -..f possible sepur&ti-n 

methods and have carried out some preliminary experimental 

work along this line. The investi^ati n was terminated, 

however, before cny final ^ro-cedure had been developed, hence 

this portion of the work is still incomplete. Before this 

C0NI1DEIJTIAL 



-79- COKilDEüTIA 

phase of the problem can be completed it will be necessary 

to select a  definite objective for the products to be 

produced, since that decision will to a great extent de- 

termine tnc method of separation used. 

For example, it would be possible to adapt the 

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

perhaps to produce practically pure DNP. The production of 

DNP would, however, require further stuciy of methods for the 

destruction of oxalic acid. 

The products produced during a five-hour interval 

of Run 5A-12 were as follows: 

225   g. DNP 
167   g. PA 
20.6 g. NB 
4.6  g. p-DNB 
0.7 g. o-DNB 
4.2 g. Unidentified products, including 

TNDA (tetranitrodi^henylamine), 
excess benzene, and dissolved 
nitrogen oxides. 

In preliminary experiments on methods of separation suitable 

for large scale operation, mixtures cf pure compounds ap- 

proximating the composition given above for an actual 

reaction mixture were made up &nd were separated by the 

procedures described below. 

(1) Method of Sejareti.n Leading to PA as a 

Final Product.- The solution of reaction products and 

nitrogen cxides dissolved in benzene is warmed gently to 

cause the distillation :>f most of the jxides together with 

a little benzene. If the heating is done carefully, very 

little nitration of DNP cr ather oateri&l occurs. 
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After the bulk of the nitrogen oxides has been 

distilled, the Mixture of benzene and reaction products is 

stirred vigorously for ten minutes with a quantity of hot 

5J6 sodium hydroxide solution equivalent to the nitrophenolie 

material present; this treatment is carried out under reflux 

with the benzene boiling. The layers are then separated, 

the alkaline layer retaining the nitrophenols as salts-, while 

the benzene solution holds the neutral products. Acidifi- 

cation of the aqueous layer precipitates a mixture of solid 

DNP + PA, which is filtered after the solution has been cooled. 

The mixture of DNP + PA can be nitrated in almost quantitative 

yield to PA by treatment with concentrated sulfuric ucid 

and 98# nitric acid (procedure of Bachcnnn28). 

The benzene is removed by fractional distinction 

from the neutral fraction, end nitribenzenc is collected at 

a higher temperature. A high-boiling residue which scUnifies 

upon cooling contains polynitro compounds and TNDA. The 

p-dinitr'jbtnzone, ;-dinitrjbenaene, and TNDA which largely 

compose this residual fraction can be converted into nitro- 

phenols by an alkaline treatment described belov, or direct 

separation of the pure components can be made by fractional 

crystallization. 

In the separation of ,jhen.lic froa neutral i-roducts, 

the use of sodium hydroxide s .luti^n stronger than 6$ is 

not recommended btcausc of the tendency for the sodium 

nitrrpher.olate salts to be "salted out" of such solutions. 

It is advisable to restrict the amount of alkali used in 
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the separation to the theoretical amount or slightly less, 

since TNDA (2,4,2',4'-tetraritrodiphenylamine) and perhaps 

other minor by-products are very weakly acidic and will 

dissolve in an excess of strong base. If an excess of strong 

base is not used, these highly colored by-products remain 

in the neutral fraction where they cause loss trouble in 

the separation of pure nitrophenola. 

(2) Method of Separation Leading to Annionluia Picrate. 

The solution of reaction products and nitrogen oxides in 

benzene, as isolated frov.i the evaporator flask of an ex- 

tractor apparatus, is steam distilled with a rapid current 

of steam to remove benzene and nitrogen oxides. Distillation 

is discontinued as soon as there is evidence of the presence 

of DNP in the distillate. The remaining residue is heated 

in a bath at 120-150°C. until nc further distillation occurs. 

The residual cake of DNP-PA containing neutral 

products is warded with sufficient concentrated sulfuric 

acid to cause couplet© solution at 75°C. The solution is 

then cooled t'i 25GC. and nitrated to PA by addition of 98$ 
no 

nitric acid according to the procedure of Bachoann.   The 

PA contains some neutral by-products, one! melts at 115-117CC. 

Ten parts of thj crude PA is vigorously stirred 

with 100 parts of benzene while concentrated aqueous a mm nia 

(6.7 parts) is added slowly during the curse of ten minutes. 

Stirring is continued f::r a few minutes longer, after which 

the sjlid ammnium picrate is filtered and v.ashed with water 

(tw? portions .f 10 ports each)« 
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In laboratory experiments the recovery of dried 

product in the first crop represented 97.5/6 of the nitrophenol 

originally present. Analysis of the ammonium picrate for 

anmoniacal nitrojen gave 5.63$ (Ordnance specification, 

5.64$ minimum) and tests showed 0.06$ Insoluble matter 

(Ordnance specification, no mere than 0.'<$>). No investigation 

was made to determine whether the benzene filtrates could be 

re-used directly for the precipitr'.ti-n of other batches of 

product. 

(3). Se;jarati;n Based ui-rn Continues Alkrllne 

Extraction of the Hltroohenolic Pr--ducts.- A  few preliminary 

ex^r-rinonts were carried out with the plan of passing the 

benzene extracts directly frou the cxynitration reactor 

countercurrently through i  column of aqueous alkali (perhaps 

through s  unit similar in design tc the reactor itself) so 

as to remove the acidic nitrophenols while allowing the 

neutral products to pass through with the benzene. Time did 

not permit a careful test of  this method. 

The main drawback tr-  such a seyarati n is that s 

considerable quantity of ritr gen oxides is extracted fr ru 

the oxynitration solution by the benzene. N..r:;.2lly the 

oxides redistil back int. the reactor :nd hence are not 

lost fron the syste.u. If the benzene extracts are passed 

directly into an alkaline extractor, e 1-rgu a.,..unt :f alkali 

would be required t. neutralize the ritr gen oxides, anc 

the consumption of nitric acid would be correspondingly in- 

crossed. If a simple aeans :f separating the nitrogen xides 
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first and returning then*, to the reactor could be found, 

this difficulty would disappear. 

The choice of an alkaline agent for the extracting 

solution would not be simple; sodium and potassium hydroxide 

are not very suitable because of the low solubility of their 

yicrate salts. Triethanolamine would probably be suitable 

for laboratory use, but its cost would be high on large seile. 

(4) The Possibility of Producing Pure DNP.- 

The present investigation of the oxynitration reaction was 

undertaken under a directive specifically concerned with 

means of producing picric acid. He  special consideration 

was given therefore to the possibility of adapting the final 

procedure of the extraction process to yield DKP free, or 

nearly free, of PA. Under some reaction conditions, it was 

determined that the predominant product in the nitrophenolic 

fraction is DKP. This is particularly true in cold-boiler 

runs (benzene not recycled by distill-tion) in nitric acid 

of m:derate strength (10.5-11 M) containing nc.  manganous 

nitrate. 

In most runs in the extractera some nitration of 

DHP to PA occurred, the extent .f nitration depending u;.:n 

a number of factors some of which were not easily controllable. 

If there were interest in a neth.d of producing DKP, we 

believe that the results are promising enough ta warrant a 

thorough study of methods of suppressing the nitration of 

DKP to PA without unduly inhibiting the :xynitration reaction 

or complicating the operating procedure. 
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The results indicate that the product of oxynitration 

under optimal conditions is almost exclusively DNP. Although 

mononitrophenols are assumed to be intermediates they arc 

not isolated under the ccnditicns of the extraction process 

herein described. The subsequent formation of PA is due 

to the prolonged contact of DKP with nitric acid -.r  nitrogen 

oxides, especially in the presence of manganous nitrate. 

Nitration may als.i occur in benzene solution. The critical 

factors which seem to determine the extent of nitration 

to PA are the concentrat.i n of nitrogen oxides, the concen- 

tration of manganous salt, the temperature, and the time of 

contact of the DNP with the nitrating solutijn or with the 

hot benzene solutions containing oxides of nitrogen. We 

have been able to establish thut Uhe use of 98fc nitric acid 

for fortification is not a contributing fact >r in the 

nitration of some of the DNP to PA. 

< 

1. By-Product Investigations 

The products of the oxynitration reaction in the 

extractors were separatee! into three main categories f-">r 

the purpose of determining yields. These main groups were 

the nitrcphenols (DNP + PA), nitrobenzene (distilLod at £07- 

215°C. at atmospheric pressure), anc" a fraction celled "DKB," 

which c prised the residue regaining after distillation of 

nitrobenzene. 

Illustrative of a typical run are the weights f 

products for Run 5^-12 in which the 5A Jet ExtrrctT %as 
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kept in contiguous operation for sixty-five hours. A total 

of 526S g. of DNP + PA was isolated, S14 g. of distilled 

nitrobenzene, and 194 g. of "DHB." 

(1) Analysis of the Mixture of High-Boiling 

Neutral Nltro Products.- The high-boiling fraction 

designated as "DNB" is of interest because it corresponds 

to nearly Z%  of the weight of benzene consumed in the reaction. 

By a combination of methods, including fractional 

distillation, fractional crystallization, differential 

solubility, and chemical reactions, the high-boiling "DHB" 

fraction was estimated tc contain approximately the fallowing 

components: 

33^ Nitrcbsnsene 
31$ p-Dinitr:benzene 
5jS o-Dinitrcbenzene 
i%   2,4,2' ,4' -Tetrc nitrodi phenylaadne 

(TNDA) 

The values are approximate, since the methods A  separation 

allow of considerable error. The results agree fairly 

well with the results ibtained by Bachaann  f r analogous 

mixtures obtained in bstch oxynitrati r, runs. 

rx\  examination ?f the 314-g. fraction :f distilled 

nitrobenzene sh.".v<ed that it c ntalned small am' unts \>f 

p-DNB and o-DKB (o minimum <f 1.5^ and 0.07>-, reapectiveljO. 

By neth-ds described in the fallowing section, 

it woulr; be possible to convert the DEE is ;:ers t... acnonitro- 

ohcn^ls end the TWDA to 2,4-cUnitr-phenol. 

(2) Converse n :»f f.-LUB.   L-Dfrß. and THI?« t- l.itr:.- 

r.hen-ls bv Hydrolysis.- p-DKB and o-DKB oi.n be hydr'lyzed 
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to p- end o-nitrophenol, respectively, and TNDA can be 

hydrolyzed to 2,4-DNP by the action of hot dilute aqueous 

alkali. 39 

The chemical reactions involved are shown in the 

following equations: 

ill« y • f^c. 1-2° 

.o 

0. NO.,. 

NO, 

NOg  NOg 

m.p. 194-6 

ONa -i- azo <■ azoxy derivatives 

NOo 

)gN<!>N^w^0s Ji^ 0fcN 0H& + unidentified 
products 

The conversion of p-dinitrobenzene to sodium 

p-nitrophenolate takes place in 95# yield when just slightly 

more than thu theoretical amount of boiling 2/o  sodium 

hydroxide solution is used. The use of r.ore concentrated 

alkali or a large excess of alkali above the required tw> 

moles per cole of PUB leads to tbe for^ati^n tf■ the red aac 

and azr.xy by-products shown above. Thrcu hours' treatment 

with the b iiin^ alkali is sufficient far conplete conversion 

?f the nitr- compound to the find products. 
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The hydrolysis of o-DNB is not as smooth as that 

of the p-isomer. A maximum yield of 6b%  of o-nitrophenol 

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

(3.7 moles) on o-DNB for three hours at reflux temperature. 

The action of 10 moles of boiling b%  sodium 

hydroxide solution upon one mole of tetranitrodiphenyla.r:ine 

gave a hydrolysis mixture from which, by acidification, steam 

distillation, and filtration of the chilled distillate, a 

24$ yield of 2,4-dinitrophenol was obtained. In another 

experiment with 7.5 moles of 2$ sodium hydroxide the yield 

of 2,4-dinitrophenol was 45$. 

Most of the experiments with the hydrolysis 

reacti:ns described ab.;ve were carried ~ut .n small scale, 

and the nitrophenolic products were isolated, identified, 

and weighed as the bromo derivatives. 

The results showed that the 2# alkali gave the 

lowest yields of azo and azcxy compounds with the dinitro- 

benzenes. An attempt was made to use exactly one molecular 

equivalent of 2$  sodium hydroxide in the hydrolysis of p-DNB 

instead of the required two '.soles; only o 52/1 yield of 

p-nitrophenol was obtained and nearly half :;f the starting 

material was recovered unchangod, Indicating that fc Slight 

excess of alkali is required for the occurrence of the cleav- 

age; the excess should be as snail as possible t: avoid tho 

side reactions leading tc azu and azoxy derivatives. 

The oxperiments were not continued t. deter;:iine 

the yields of hyur:lysi£ products ..n Large scale runs. 
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Since the p- End o-dinitrobenzenes arc rather difficult to 

prepare by straightforward :>iethod£, they would probably 

have a higher value as such than as nitrophenols. 

II.  OXi'KITIUTION OF BENZENE IN BATCH RUNS 

A. Discussion 

During the early part of the present investigation, 

a very large number of batch oxyhitration runs were made to 

determine which variables are criticol and approximately the 

optimum conditions for high yields of cinitrophenol or picric 

acid and low yields of neutral nitro cnripount's. Other ob- 

jectives were to find, if possible, conditions which would 

materially reduce the percentage of benzene destructively 

oxidized and the amount of highly colored miner by-pr .duct:;. 

In spite of the variety of conditi ns reported in 

previous investi.jati >ns before 1936, it was difficult to 

evaluate the importance of the different vari&blos because 

of the incompleteness of the reported date and the lack of 

interpretive discussions. 

No effort will be made to present all of the 

experimental data )f the m-iny batch runs; instead, the 

important conclusions which were drawn from them will be 

given, with illustrative data on the final fetch runs v/l-iich 

were made. Work on the batch process was discrntinued in 

favor of the continuous extraction process. Because of the 

more nea*rly steady-state conditions which prevail in the 

continuous extraction ^recess, that sodific&tirn affords a 
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better insight into the effects of the variables than the 

batch process in which constantly changing conditions are 

inevitable. Detailed reports of the entire investigation 

27 
can be found in the Interim Reports of Division 8. 

(1) Procedure in Batch Runs.- Most batch runs 

followed a fairly standardized procedure. A solution of 

nitric acid, usually in the neighborhood of 50# concentration 

by weight (equivalent to 10.4 d), was made up with anywhere 

from 0.2 mole to 0.5 mole per liter of mercuric nitrate. 

The possible catalytic or promoter effects of other sub- 

"stances were also tested. Benzene was added to the vigorous- 

ly stirred mixture either in a single portion, or in smaller 

portions at spaced intervals, or continuously from a dropping 

funnel; with dropwise addition the benzene was introduced 

either below the surface or upon the surface of the solution. 

The whole reaction mixture was warded at the desired 

temperature, usually in the range of <10-60°C. In early runs 

no effort was .aade to fortify the solution with nitric ncid 

during a run, but as the importance oi constant nitric acid 

strength became nore evident during the early runs, the 

practice of intermittent and later continuous fortification 

was developed. The use of 98j& nitric acid was sir wn to be 

the rust satisfactory because 3f the relatively small in- 

crease in the volume of the reaction mixture resulting from 

its use. 

(g) Nitric Acid C-.-ncentrat.V'n.- as in the con- 

tinuous extraction process, best results %ore obtained in 

CONFIDENTIAL 



-yu- JjaPllTjüTT.iL 

concentrations of nitric acid of r.t least 50$ (10.4 ri) . 

The? rate of oxynitration increases rapidly as the acid con- 

centration increases, but the range of 50-55% Strength 

appears to conbine adequate reaction rates with opti.uur.: 

convenience of operation and favorable ratios of nitro- 

phenolic to ether reaction products, above 60/Ö nitric seid 

(l£.0 M) the rate -f oxynitration is very rapid, and the 

formation of nitrobenzene is favored acre than in 50-55$ acid. 

Results are very .-uch .lore favorable when provision is made 

to maintain c constant, er approximately constant, acicl con- 

centration by fortification. 

(3) Mode of Addlti n :f Benzene.- The feeding ot 

benzene t:^ the reaction fixture is a f:"ct:.r of great 

importance in determining the relative yields ->f nitro- 

phonols as compared with neutral products end oxidation 

products. Agitation if a large excess >f liquid benzene 

with the solution is the worst possible e.nditi n for hl£h 

yields >f pure nitr~-phenols. Very slow dr^pftise add.iti n i 

benzene below the surface of the reaction mixture is the best. 

For a given set of reaction conditions (acid strength, 

mercuric nitrate concentration, tenperature, rate f agi- 

tation, etc.) there is v.n :ptiniun rate at which benzene sh.uld 

be added; within certain Units it d.-js not s«.:c:.; to i-uke a 

gr^st deal >i" difference whether the additi n is continu' us 

and dr owise r whether it is in s-ntll interaittent pert! ns. 

The :ptimuia rate • i  addition ;f benzene is most easily de- 

termined by öx-.ieriraent, although kinetic data en rates f 
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mercuration determined by Westheimer provide a guide to the 

selection of approximately correct conditions (see pages 9, 

54 ff.). 

Bachmann27 was the first tc point nrt that drc;,.- 

wise addition of benzene below the surface of the reaction 

mixture givus the best yields of nitr phenols. The importance 

of the rate of introduction of benzene was shown also in 

experiments at the University of Pennsylvania which involved 

the introduction of a single fixed pcrti-n of benzene at the 

beginning of each run of a series in which increasing volumes 

:>f  reaction solution were used. There was a sharv. increase 

in the yield of nitre phenols £.nd corresponding decrease- in 

the yield of nitrobenzene when the ratio of the w^irrht of 

oxynitration solution to the weight of benzene increased. 

An eventual limit to the yield f nitr phen .1 seemed t:. be 

reached when the mclar ruti. was of  the order of  30-40 t ? 1. 

It was shewn that the presence -f an excess cf 

liquid benzene did not necessarily lead to a low yield of 

nitrophenolic product if the excess was not violently agi- 

tated jr otherwise finely dispersed through the roac+-i.:n 

mixture. This fact is utilized in the continuous extract! n 

process discussed in Section I. 

(4) Mercuric Nitrate Concentration.- Under the 

conditions found to be most favorable for the batch oxynitration, 

the concentration of catalyst was not critical. Concentrations 

between O.g and 0.5 M were fuund t: give qualitatively similar 

results. Evidence obtained mostly in the continuous extraction 

apparatus hed indicated that, when other factors are c-nstant, 
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the rate of formation of nitrophenols is roughly proportional 

to the concentration of catalyst, and that the oxynitrntion 

is favored slightly over side reactions as the mercuric salt 

concentration is increased. 

(5) Temperature.- Mth 50$ nitric acid the 

optimum temperature was found to be in the range 50-55^C. 

(6) Time of Reaction.- The rate of cxynitratl-n 

is so greatly dependent upon the various reaction c.nc'iti -ns 

that the time for complete reaction must be determined for 

each set of co-nditions. Frr.r; results obtained in continu-us 

extractors, however, it can be stated that in 50# (10.4 U) 

nitric acid, 0.5 M mercuric nitrate, at 55UC, benzene reacts 

at an optimum rate of approximately o.os-o.l molo per litor 
solution 

oxynitraticn/per hour. As the acid strength, the temperature, 

or the catalyst concentration increases, the potential rate 

of consumption of benzene increases. 

(7) Effect of Maneancus and Aluminum Nitrates.- 

Aluminum nitrate in concentrations recommended by previous 

workers did not appear t~ have any significant effect in 

our batch experiments. Manganous nitrate in the law con- 

centrations previously used likewise seemed to have little 

if any appreciable effect, but fairly high concentrate ns, 

of the order of 0.5 ai or higher, seem t-; catalyze both the 

oxynitrati n reaction and the formation f nitr b^n;;eno, as 

well as the nitration u£  dinltrophenol to picric acid. 

(6) Re-Use jf blether LiijU-:rs.- Experiments showed 

that it is possible to remove the bulk >f tho- cinitrophtm 1 

CONFiDiu'vTl-'J., 



-93- COwFirENTlAL 

(and picric seid) Dt the end of a batch run by chilling 

the mixture and filtering directly, borne nitrobenzene nay 

separate along with the solid, particularly if the solution 

has been used previously for other runs, and this necessi- 

tates a purification procedure for the crude product. The 

filtered oxynitratijn solution can be restored to its ,>roper 

ecid and catalyst strength by fortification with 98ji  nitric 

acid and mercuric nitrate, anc con then be used again to 

Complete another cycle of reaction by the addition of fr^sh 

portions af benzene. There is a small expansion 2f react! n 

volume during each cycle jf reactin resulting from the 
• 

formation of water in th=; reaction &nd th^ small 2Lii:unt -f 

water introduced with the reagents. After several cycles 

the amount of nitrobenzene retained in the filtrate bec-.::ies 

essentially constant. 

B. Batch Oxynitr.citi n Runs with Re—Use cf U-. ther Llciu. rs 

The experience >f many provicus runs is included 

in and illustrated by seven series of bitch .xynitrati n 

runs made with re-use .f the filtered nuther liquors. The 

first three series, A,B,C, were made v^iti: . \>r  eedures which 

involved the idditi.jn f the benzene v.ithin the iirst fifteen 

:r twenty minutes Df each reacti n cyclj; t.ne individu .1 

series differed jnly in the pr—porti^n »f btsnzene t: acid 

in each cycle and in the sc;..le of the experiments. Balances 

Here determined f-r iorcury and partial balances for nitric 

acid. 
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of benzene 
a dropping 
minutes of 

Four subsequent series, D,E,F, and G, utilized 

the more efficient dropwise addition of bonzene (cf. Bachmann ), 

and were also designed to test the effects of nanganous nitrate 

and aluminum nitrate in the batch runs. 

(1) Aooarstus.- In each series a three- 
necked, roun^-bottomed flask appropriate to the volume 
of reaction mixture v/as used. It was equipped with 
60-cm. bulb condenser, mechanical paddle stirrer, ond 
5f-tube which served for the introduction sf benzene 
to the mixture and also for the insertion of  ?. thermometer 
into the oxynitration solution. The mechanical stirrer 
was made gas-tight by a graphite packing in sn  aluminum 
housing. The relatively small volume .;f fumes was led 
into the hood or into a water absorption trap. 

(2) Procedure.- The compositions ..f the 
reaction mixtures are shown in Table XIV for Series A, 
B, and C, and in Table XVIII for Series D, E, F, ond G. 
The reaction was heated to 55C'C. anc" the weighed .„crtion 

(as indicated in the tables) was added from 
funnel during the first fifteen r twenty 
the run for Series A, B, and C, ond ;ver 

longer periods as indicated in the subsequent series. 
In the first three series the time of reaction was three 
hours; in subsequent series the time varied from three 
to eight hours, as indicated. The mixture rapidly 
assumed a deep reddish-brown color. After the reaction 
period, the mixture was chilled at 0-5°C. for several 
hours to cause separation of the bulk .f the 2,4-dinitro- 
phenol; the s^lid was filtered :.n a  fritted glass Btichner 
funnel and washed with cold 50$ nitric acid to remove 
as much as possible of adhering nitrobenzene, then washed 
with ice water. Washings were nut combined with the 
main volume of reaction mixture but were worked up 
separately f;r nitrobenzene end analyzed for nitric acid 
and mercury. In the first run or two of a series, the 
filtered product c nsisted of almost pure DNP with a 
light tan color, melting at 109-112° or better. In 
later runs nitrobenzene v/as always retained in the solid 
even after the wash with 50$ nitric acid. 

The mixture ->L  DNP and nitrobenzene was 
separated as f«ll;ws: The solid was treated with z.  slight 
excess of 5%  sodium hydroxide soluti-n ond steam oistilled 
to remove nitr ■•benzene. Acidification of the residual 
solution precipitated fairly ;,ure DNP. A small amount 
of picric acid formed in the reactirn under the conditions 
of these experiments remained for the mest pert in th< 
mother liquors in early runs of 1.  series. At the . icric 
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acid built up in the mother liquors it eventually began 
separating with the DNP in later runs, resulting in 
somewhat lowered melting points of the alkali-purified 
products. 

After the filtration of the chilled reaction 
mixture following each reaction cycle, the volume of 
the filtrate was measured and an analysis made for nitric- 
acid. The required volume of 98J6 nitric acid to restore; 
the desired acid concentration was added and a new 
reaction cycle was started. 

Tho last mother liquor of each series had 
to be worked up for the residual reaction products still 
retained in solution. In Series A the final nether 
liquor was thoroughly extracted with benzene, the 
nitrophenollc products were removed frcm the benzene 
soluti-n with alkali, and the nitrobenzene was obtained 
after removal of the benzene by distillation. The 
residue remaining from the distillation of the nitro- 
benzene was a crude mixture of dinitrobenzenes in which 
the para isomer predominated. In Series B and C the 
final mother liquors were subjected to a boil-off, 
during which their volumes were reduced to approximately 
one-half the original and the mixtures of nitrophenollc 
compounds were converted to picric acid. The picric acid 
was Isolated by filtration mö.  by benzene extraction 
after dilution and chilling of the residual solution from 
the toil-off. Nitrobenzene was isolated from the distillates 
by benzene extraction (Scries B) and by steam distillation 
(Series C). 

Mercury analyses were made on the final 
mother liquor in each of the first three series and on 
the combined washings from each of these series. 
(For procedure, see'Appendix, page lfc3 ). In Series A 
and B the procedure gave somewhat low results because 
of losses during the decomposition • f organic natter, 
but this was corrected in Series C, in which the loss 
was relatively low, considering the weight of product 
which was produced at the same time. 

Various details of the runs of Series A, B, and. 
C are presented in Tables XIV, XV, XVI, and XVII. Data 
for Series D, E, F, and G are presented in Table XVIII 
and notes. It will be ncted th'-t the predominating 
product in these runs is dinitrophenol• In the last 
four of the series, particularly when mangan:us nitrate 
was present, s?me picric acid was formed. Since the 
product which precipitated directly from the reaction 
mixture contained only a little PA, the latter product 
was found largely in the extracted nitrophenollc 
material; the extracted portion is tabulated separately 
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in the tables, and a range of percentage yields is 
given for the assumptions that the extracted product 
is either all PA or oil DNP. This is given in nost 
of these runs in lieu of s precise analysis of the 
relative oa.-unts of DNP-Pü in the relatively siaall 
extracted fraction. When these runs were made, con- 
venient analytical method8 for the tv. nitrcphcrols 
had not yet been completely worked ^ut. 

Table XIV 
Composition of Initial Oxynitrating Solutions 

fcerles A  Series F: SeriiiS C 

Mercuric oxide, g« 

98$ Nitric aci:', ml. 

70% iUtric LCU, ml. 

50£ Nitric cci-% r.:l. 

\ater,        ol. 

Voluic (£0°C), ml. 

Sp. gr., 60°/60° P. 

Moles CgHß per run 

Molarity of HgCNOgJg 

Ratio: S2ies/w°l98 HNOg benzene 

86.6 54.£ lfrO.O 

  21.£ 51 

51 798 1915 

1200   — 

  451 1080 

1260 1£20 £910 

1.26a l.£71   

0.4 0.25 1.0 

0.31 0.205 0.34 

31 50 50 
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Table XV 
Oxynitration with Re-use of Mother Liquors 

Details of Separate Runs 

Series A Xielc< of DNP Volume of 
Mother 

t 
C 

rrtifi- 
iticn xrr 

Run No. S- a> ill • jj • y             '-« • Liquor next x'unjKl. 
ml . Of fc*Pji& MJOJJ 

1 32.9 45 109-113 1260 80 
2 41.4 56 109-113 1285 GO 
3 40.4 55 108-113 1305 56 
4 59.2 53 110-113 1325 40 
5 37.0 50 109-115 1340 54 
6 37.4 51 109-113 1355 5~'. 
7 34.7 47 110-113 1380 55 
8 36.1 49 110-113 1405 —— 

Series B 
Run No. 

1 21.1 16 110-113 1190 47 
2 26.1 57 109-113 1200 36 
3 26.1 57 111-113 1215 ■7r. 

4 L3.9 52 111-113 L220 44 
5 rJ. .3 53 110-113 1230 39 
6 22.4 49 110-113 ——— —- 

Series C 
Run No. 

1 88.0 48 112-114 2835 197 
2 101.5 55 111-113 2915 146 
3 103.0 56 109-113 2985 140 
4 106.5 58 108-112 c035 121 
5 101.0 55 103-111! >3060 151 
6 104.0 57 104-112 3120 ISO 
7 106.5 58 108-11£ 3150 155 
8 103.0 5G loe-iic 3220 140 
9 103.5 56 106-112 0^75 140 

10 10';. 0 57 95-111 3330   
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Table XVI 
Oxynitration with Re-use of Mother Liquors 

Sumsiary of Products in Series A, B and C 

Series A Series B Series C 

2,4-Dinitroivhenol 

Picric acid (after boil-off) g. 

Nitrobenzene 2 

Dinitrobenzenes (crude)     * 

Total benzene accounted for  ,* 

299.0* 
51.0 

143.9 
52.2 

1021.0 
55.6 

—- 
84.1 
7.0 

77.3 
3.4 

49.0 
12.4 

15.0 
8.1 

147.6 
12.0 

3.0 
0.6 

0.7 
0.3 

A 

0.3 

fe4.0 67.7 71.3 

* This figure does not include 23 5. of alkali- 
soluble, Ion-melting muterial recovered by 
benzene extraction >f the final aiother liquor; 
estimated on the basis ;f analyses in later 
experiments, it corresponded to t.  3-4/« yield of 
a mixture of 8,4-dinitrephencl and picric acid. 
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Table XVII 
Nitric Acid and Mercury Balances 

Nitric acid (as 10055 HN03)    Series A  Series P  Serie- C 

Initial oxynitrating soln., 
Fortification 
Rinsing in benzene 
Total HNOg added 
HNO3 (or equivalent) in 

final mother liquor 
HNO3 consumed 

Total DNP produced 
Ratio: g. HN03/g. DNP 

Moles HN03/rnole DNP 

g. 786 796 1922 
g. 601 294 1660 
g. 12 8 20 
g. 1399 1098 3602 

g. 631 782 c 2105 8 

g. 568 316 1497 

S' 299 
V 

163 c 1098 C 
1. 90 1 94 1. 36 
5. 55 5 66 3. 98 

Mercury (as HgO) 

Initial oxynitrating soln., 
In final mother liquor 
In washings 
Total HgO accounted for 
HgO unaccounted for « 
HgO unaccounted for 

g. 86.6 54.2 150.0 
6» 78.0 47.75 113.9 
R. O • *-• 4.33 14.3 
g. 83.3 52.08 123.2 
g. 2.12 1.8 
%. 3.8 3.9 1.4 

Notes; 

a Before boil-off. 

b Only the weight of gnod quality 
2,4-dinitrophenol is included in this figure. 

c The weight rf picric r-.eic! obtained after 
the boil-off v;cs c nverted intc the 
equivalent weight A'  Sf4-dinitrophen';l and 
included in this figure. 

d The aimunt I iüercury unacc :unted i-..r, cs 
giver, ribeve, is hi,;;h in Lories A and B in 
which the mercury analyses were perfcrued 
before the final, mere accurate raur.ificeti n 
>f the analytical pr >ccduro was ad pted. Th>-; 
figure given f r Series C was obtained usin.:-: 
the a .dif ied pr ;Ct:dur-.- (see :. ii.7  ). 
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Table XVIII 
Oxyr.itration with Continuous Drop-wise Addition :f Benzene 

Effect of Al+++ and Mn++ and -f dii
++  Crncentrcti ,n 

Scries 

Composition of Initial D E F c, 
Oxynitratins Solution: 

\J 

Hercurie oxide,     g. £40 130 130 39^ 
70# rtitric acid,    ml. £164 £000 £000 £130 
^n(N03)£.6Hr-0 % 

75* solution,   ml. 13.6 __ 13.6 —_ 
Al(N03)3.9Hi:;0,       g. 8.4 — 8.4 — 
Woter,           ml. t.:• make 

3 1. 
10.6 

850 850 935 

Concentration: HN03, M 

ng , u 
10.4 10.4 10.5 

0.37 O.g 0.48 0.6 

Procedure: a 

Benzene t>er addition]? g. 40 78 78 78 
Time of  addition,   hrs. k 6 6 6 
Additional stirring, hrs. 1 S £ 1 
Number f additions 4 £ 4 
F,rtificatin,9^HN03, 72ml at 35nl : t as in 35r.il 

3-hr. £-hr. Series it £- 
inter- inter- E hr. 
vals vals inter- 

vals 
during 

• addn.cf 
benzene 

Summary of Products: c 

DKP, filtered,"3     g. £13.5 17£.5 179.5 458.0 
% 56.5 46. 9 i8.8 62.2 

BNP-PA, extracted, 64.0 65.^ 
13.6-1Ö.9 15.6J 

61.5    69.6 
13.4-16.7 Ö.9-9.?, 

T:-tal nitrophenols,  #> 70.1-78.4 6£.5 o£.£-65.5 69.2- 
71.8 

Nitrobenzene,*» 
p 5.6 

£6.£ 
lrJ.7 

£5.3 
ID.5 

17.5 
3.6 

Dinitr Jbenzenes, 

Total, benzene 
accounted for 

% 

% 

4.3 
X    •   «V 

76.9-dC 

5.Ü 
1.8 

l>5.0 

C.5 
1.9 

14.4 
£.1 

74.6-77.9     74.9- 
77.5.. 
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Notes (Table XVIII) 

a The apparatus used was essentially the same as that 
described for Series A, B and C, p. 94 . Series D 
was run according to the procedure, PND-6, reported 
by Bachmann et al.§* but using four times the quantit 

b For the continuous, drop-wise addition of benzene a 
cylindrical funnel with a drop-counter was employed. 

it s. 

The temperature was maintained at 50° during the 
dition and subsequent stirring. 

x- 

c Products were allowed to accumulate in the reaction 
mixture until after the final addition of benzene 
except in Series G, in which after the second addition 
crystalline £,4-dinitrcphenol was removed by 
filtration before continuing the series. 

d After the final addition of benzene r^nö  subsequent 
stirring period, light yellow, crystalline 2,4-dinitro- 
phenol, melting in the range 111-114°, was removed by 
filtration of the chilled (0-3°) reaction mixture. 

e An aliquot of the filtered mother liquor was diluted 
with an equal volume of water and extracted with 
portions of benzene. A deep yellow mixture of 2,4-di- 
nitrophenol and picric ?cid, melting within the range 
80-105°, was removed from the benzene solution by 
alkaline extraction. In Series D, F and G analyses 
were not performed and the- percentage yields given in 
each series represent the range of values obtained when 
the yield was based separately upon each constituent. 

f The extracted material (Note e) fro;,: Series E was 
analyzed by the Kcppeschaar titrati:n (p. 1L6) end 
found tc contain 37.9$ 8,4-dinitrophenol and 62.1% 
picric acid, the latter by difference. Calculated 
from these values, the yields of the two nitr~phen Is 
were 6.756 and 8.9£, respectively, a totsl -f 15.6>: • f 
combined nitrophenols as recorded in the table. 

g The benzene solution remaining after removal of 
nitrophen-'ls (Note e) was distilled and nitrobenzene 
collected at 205-812° (unc rr.). 

h The crude residue remaining after distillation of 
nitrobenzene is recorded in the table- ?.s Dinitr • benzenes. 
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III. THE MECHANISM OF THE OXYNITRATION PROCESS 

At the outset of the present investigation it 

appeared, from an examination of the literature bearing on 

the oxynitration process, that a study of the fundamental 

chemistry of the complex reactions involved would offer the 

best hope of modifying the reaction conditions to produce 

high yields of nitrophenols and low yields of by-products. 

Accordingly, considerable attention was given to the elucida- 

tion of the mechanism. This phase of the work under 

Contract OEMsr-646 was suspended, however, when results in 

the Continuous Extraction Process showed promise enough to 

justify our full-time effort. 

I < 

A. Historical 

(l) Parzens' Diazonium Mechanism.- The French 

chemist, Darzens, was apparently the- first to propose a 

detailed mechanism for the oxynitration process, essentially 

as follows: 

Step 1;  C6H6 + Hg(N03)g  >-  C6H5HgN03 + HNOg 

Step 2:  C6H5HgN0s + 2 NgOj  >_ (CgHgNS-N) (NO,) 

Step 5;  (C6H5MSN) (KO3)  + Hg0  ^ C6H50H + Bg + HNOg 

Step 4:  C6H50H + SHNOg  , >  C6Hg(N0g)30H + 3H£.0 

Although this reaction mechanism appears to h£v<i b„-en pro- 

posed in 1914, the >nly report of it in ths. literature is a 
17 

brief outline in the article by Desvergnes in I9£ü.   No 

experimental evidence supporting the Mechanism was given, 

and Desvi-rgnc.'S in the same article proposed his own quite 

V-Uk.!' lL'-LlV liiiL 



-105- ^ÜliixDüUI lAL 

different alternative mechanism. 

(£) Desvergnes1 Mercurial Intermediate.- 
-, r*       (on the basis of experiments by Broders) 

Desvergnesx' postulated/the formation of the compound, 

2,4,g»,4'-tetranitrodiphenylmercury, as an intermediate, and 

cited the isolation of a dark solid analyzing for that 

composition as evidence in favor of his mechanism. He also 

discussed the possibility that nitrosobenzene may bu forced 

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 than as an 

essential intermediate of the major reaction. 

(?) T. L, pavts' "Bjack SoJ^d."- Davls and 

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

the oxynitratiin of benzene to picric acid, and they 

postulated from the analytical results shewing the presence 

of mercury, and from the fact that picric acid was formed 

on treatment of the black solid with nitric acid, that the 

solid is a mercurial intermediate in the oxynitration reaction, 

(4) Blechta and Patek's Nascent Benzene Mechanism.- 

Blechta and Patek*® studied the behavior of mercury derivatives 

of benzene and toluene and came to the conclusion that a 

phenylnercurie compound is formed in the oxynitration reaction, 

but that the aqueous nitric acid causes a rapid cleavage 

back to benzene and inorganic mercuric salt; they postulated 

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

unusually high reactivity, making it susceptible to oxidation 

by the nitric acid. 
CONFIDENTIAL 



-105- .'■\ji -n J. .->i- .■ - ± AL 

different alternative mechanism. 

(2) Desverenes1 Mercurial intermediate.- 
-i 7   (on the basis of experiments by Broders) 

Desvergnes  postulated/the formation of the compound, 

2,4,2«,4,-tetranitrodiphenylmercury, as an intermediate, and 

cited the isolation of a dark solid analyzing for that 

composition as evidence in favor of his mechanism, he also 

discussed the possibility that nitrosobenzene may bo forced 

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 than as an 

essential intermediate of the major reaction. 

(3) T. L. Davis» "Black Sol^d."- Davis and 

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

the oxynitrati :>n of benzene to picric acid, and they 

postulated from the analytical results showing the presence 

of mercury, and from the fact that picric acid was formed 

on treatment of the black solid with nitric acid, that the 

solid is a mercurial intermediate in the oxynitration reaction. 

(4) Blechtfa and Patek's Nascent Benzene Mechanism.- 

Blechta and Patek18 studied the behavior of mercury derivatives 

of benzene and toluene and came to the conclusion that a 

phenylmercurie compound is formed in the oxynitration reaction, 

but that the aqueous nitric acid causes a rapid cleavage 

back to benzene and inorganic mercuric salt; they postulated 

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

unusually high reactivity, making it susceptible to oxidation 

by the nitric acid. 
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(5) G. E. Wright's Evidence Against the Darzens 

Mechanism.- G. F. Wright21 found the Darzens Diazonium 

Mechanism attractive, but concluded that the experiments on 

material balance in his laboratory did not support that re- 

action mechanism. The diazonium mechanism predicts that a 

minimum of one mole of nitrogen is formed for each mole of 

picric acid, but the observed quantities of nitrogen gas 

fell considerably short ot  this amount. Since some nitrogen 

was found, the diazenium mechanism was not completely ex- 

cluded from consideration. 

B. Mercuration As the First Step in Oxvnitrati n 

(1^ Examination ?f Davis' "Black Solid."- It 

seemed highly probable that nercuratlon of benzene is the 

initial step in the oxynitrati n process. We prepared 

specimens of 1.  b.  Davis' "Black Solid," presumed to be a 

raercurirl intermediate, following as nearly as possible the 

scanty published direct! ns. The black solids which wu ob- 

tained consisted largely of dinitrcphencl ecr.ted with an 

insoluble dork tarry substance containing some nercury; 

there was evidence als:' f:-r th« presence of r-xalic ncid. 

Ho well-defined compound other than DKP was found In the 

black solid; the dark cilor apparently «is clue ti carbcnuccious 

decomposition products* 

(2)  JJercuratl;n ;.>f Benzene in iv-.iuc:us Kltric Aciv.:.- 

It was found that mercuration of benzene sccurs readily in 

aqueous nitrie acid. VShen the acLC  c ncentrr-ti. n is 35£ ,r 
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lower, oxynitration dots not proceed readily to completion 

unless the temperature is raised or a long reaction time is 

used, and it is easy to isolate nnd identify mercury 

derivatives. Under conditions only slightly milder than a 

typical bitch oxynitration, an 3.6%  yield of basic phonyl- 

uercuric nitrate was isolated. 

Prjctjduro i :.r Br^jjc Phen-/li;:er curie Nitrate from 
Benzene.- Benzene (0.£ mcLe) was stirred with 5 solution 
containing 0.2 mole cf mercuric nitrate in 200 ml« c-f 
35J8 nitric acid at G2°C. for seventy-five minutes. Opon 
cooling and diluting v.ith water, a precipitate of 5.4 g. 
of basic phenylmercurie nitrate, a.p. 182-18S°C., was 
obtained (8.6$ of the theoretical based upon benzene). 

Mercur-ition -ecurs even in quite dilute nitric 

acid, but the reaction is slow anü the insoluble, infusible 

products consist jf complex mixtures cf mono-, di-, tri--, 

and tetra-mercurated . derivativos.        A typical ex- 

periment is described below. 

Kercuration of Benzene in 6.5# Nitric Acic.-' 
Eenzene (50 ral.) was agitated with a solution of 65 g, 
of mercuric nitrate uitiydrnte dissolved in 207 til. of 
6.5$ nitric acid; the temperature v.as 65°C. and the time 
"f reaction nine hours. The fixture was cooled and 39.9 >■. 
"f nearly colorless solid materiel was filtered. Titration 
of the filtrates showed that approximately 40>J of the 
mercuric ion remained uncombined. The product was shown 
tc consist of a fixture ?f Liono- and poly-uercurated 
benzene derivatives, us  illustrated with the typical 
procedure described in the following paragraph. 

Exar.iinati-.-n -f the Pr ducts of the ..iercurati n 
of Benzene in Dilute Mtric Acid.- *•. quantity ..f 50 ■:. 
~f mixed mercurial derivatives prepared by a procedure 
similar t ;• that described in the preceding i'&rugraph was 
treated with a slight excess :f bromine in en agitated 
aqueous suspensi :n at temp er a tur es below 50°C. The '.rganie 
reaction products wore extracted with benzene and 
separated by careful fractional distillati n (under re- 
duced pressure for the higher boiling constituents). 
The presence of brcm?benzene, p-dibrencbenzene, 
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1,3.5-tribromobenzene, and a solid tentatively identified 
as 1,2,4,5-tetrabromobenzene wes shown in the distillate; 
it is very probable that other isomeric di-. tri-, and 
tetrabromobonzene derivatives were present but could not 
be isolated in pure state. The distillate wrs divided 
into fractions corresponding in boiling rang-.; to mono-, 
di-, tri-, and tetrabromobenzenes; the approximate mole 
percentage composition of the mixture of bromo derivatives, 
and by inference the mole percentage of corresponding 
mercurial derivatives in the original mixture, was 
estimated to be: 

Mr>le Percentage Composition 

53/3 monc-bromc ~-> (nono-mercurated benzene) 
38J6 di-bromo r-> (di-mercurated benzenes) 
756 tri-bromo -»» (trl-aercurated benzenes) 
2JS tetra-bromo -NJ (tetra-mercurated benzenes) 

The weight of recovered mercuric brcuide (54.4 g.) 
corresponded to approximately 88i& of the expected weight 
on the basis of the composition indicated above. The 
methrd of cleavage with bromine was checked with pure 
phenylmercuric acetate; under comparable conditions, 
it yielded 80# of the theoretical bromobenzene (distilled), 
and 84$ :f the calculated weight of mercuric br.-miö'fc way 
recovered; there was no evidence of formation of pelybromo 
compounds. Similarly, m-dii'Cetexymercuribenzene e,ave 7Qf> 
of the calculated m-dibr r:.obenzene and 34# of the calcu- 
lated mercuric bromide. 

It was further shown thst the treatment of basic 

phenylmercurie nitrate with hot solutions of mercuric nitrate 

in dilute nitric acid led to the formation of mixtures very 

similar to those [.Tepared as ifescribeO above directly from 

benzene, entwining polymer cur ated benzene derivatives. 

(3) C.nversi.n -f Phenyl:.-rcuric C ..^ounds t.. 

Dinltrephenol.- Experimente with phcnylmercuric acetate, 

phenylmercurie nitrate, casic phenylmoreuric nitrate, and 

with the mixture -f :.v.-n: and polymercuratod compounds forced 

by nercuratien ->f benzene in dilute nitric acid shewed that 

each of the v:::,n ;m^rcurateä benzene compounds reacts with hot 
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nitric acid of approximately 50# concentration by weight 

to form dinitrophenol (and some picric acid) in varying yields. 

Our earliest experiments carried out in 194^ 

always failed to produce as high yields of DKP fron: phenyl- 

mercuric salts as from equivalent quantities of benzene and 

mercuric nitrate unr'er comparable conditions cf tine, tenpera- 

ture, anc" nitric acic1 concentration. In these early ex- 

periments the mercurial was added in one portion at the be- 

ginning of a run, as was also the benzene in the control 

experiments. Yields of DKP fron >>ure phenyluercurie compounds 

amounted in the best experiments to enly £9?». The yic-lcis :f 

DNP from the mixture of mono and polyaereuruted derivatives 

obtained by mercuration in very dilute nitric acic" were 

lower, end the yield figures wer>i of such a magnitude as 

to suggest thf.t .inly the monoaercurated derivatives in the 

mixture are capable of being converted into DfcP. 

Subsequent work showed that the low yi-_Ut ob- 

tained with phenylibitireuric derivatives resulted fron the 

choice of unfavorable experimental conditions. When ;.'henyl- 

morcurie acetate .:r basic phenylnercurie nitrate was slowly 

adr.ed to 54.6;= nitric acid at 45 JC.  over s  period of two 

tv-urs, the yield of DNP rose t. 54.9#>, with a 2.7/i yield 

of dinitrobenzene and a trace of nitrobenaenej v.ncn '.11 cf 

the phcnylpercurie acetate was addec! in one portion ir. a 

c:ntrol experiment the yielC :f very impure, Sark DKP was 

only 81.1$. when the additi >n ;f ^henyl-ercuric acetate In 

very s-iall porti ns vas extende-.- rver o p>_ri id  :f six inurs 
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nitric acid of approximately 50?S concentration by weight 

to form dinitrophenol (and so&e picric acid) in varying yields. 

Our earliest experiments carried out in 194;] 

always failed to produce as high yields of DKP fror, phenyl- 

mercuric salts as fron equivalent quantities of benzene and 

mercuric nitrate under comparable conditions cf tine, tenpera- 

ture, and nitric acid concentration. In these early ex- 

periments the mercurial was added in one portion at the be- 

ginning of a run, as was also the benzene in the control 

experiments. Yields of DKP fron pure phenyluercurie compounds 

amounted in the best experiments to enly ££$. The yields :f 

DNP from the mixture of mono and poly.r.ercur:-tttd derivatives 

obtained by oercuration in very dilute nitric acic were 

lower, snd the yield figures were of such a magnitude as 

to suggest thf.t .inly the manomercurated derivatives in the 

mixture are capable of being converted into DfcP. 

Subsequent work showed that the low yields ob- 

tained with phenylmercuric derivatives resulted from the 

choice :>f unfavorable experimental conditions. When phenyl- 

mercuric acetate :r basic phenylmercuric nitrate was slowly 

added to 54.6;j nitric acid at 45 "JC. over e period of two 

hf-urs, the yield -f DNP rc.se tL 54.9£, with a £.7/i yield 

of dinitrobenzene and a trace of nitrobenzene; v.nen ell of 

the phenylmercuric acetate was added in one portion ir. a 

c:ntrol experiment the yield :i' very impure, dark DKP was 

mly 21.1ft. when the additi .n if phenylmercuric acetate in 

very s iall porti ns was extended wer o peri 2d :ix h ur; 
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at 45°C. in 54.5$ nitric acid, the yield of DNP rose to 70.4J6, 

and the product was; nicely crystalline although somewhat 

reddish colored; some ^nitrobenzene r;n." 3 trace of nitro- 

benzene were formec'. It is obvious that the slow, gradual 

addition of phenylmercuric coiapounc approaches more closely 

the condition in an oxynitration mixture with benzene in 

which nercurati:;n occurs ot r finite rete. These exporinents 

emphasize the importance of controlling the rate f addition 

■)f reactants; this variable pnvee t.; be of great importance 

in the case of the additi .vn . f benzene in the oxynitration 

process also. 

Several experiments were carried .ut tc determine 

t" what extent reversal of mercuration by the nitric acid 

can occur un^er conditions of oxynitration, and whether cr 

not cleavage ;f the intermediate mercurial compound t-. 

benzene has an Important role in the oxynitration process. 

It is known that h~>t dilute acids can cleave arylr-ercury 

c impounds to the parent hydroct-rh ms and inorganic n^rcury 

sslts, as illustrated in the following equation: 

«. 

C6H6  + H6(N03)g C6H5HgN05 + HNOg. 

Basic phtnylwercuric nitrate was aus*ended in warm 4Q£ nitric 

acid and steor. was passed through the mixture. Control ex- 

periments with benzene and nitric ixcW  c.ntainin.» ftercuric 

nitrate showed that benzene, when present in such a nlxture, 

is swept .>ut bef'-re it hrs tiao t unc'^r^o appreciable exy- 

nitrati n. With basic ;hcnyl:..crcuric nitrate n certain 
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amount of benzene (fron 23 to 47$ of the theoretical) was 

distilled during the first five minutes, but none subsequent- 

ly. Dinitrophenol or PA  was always found in the residue in 

varying yields. The yield of benzene was increasv^rl '.nc' the 

yield of nitrophenols wcs lowered when the concentration of 

nitric acid was decreased. When an excess of mercuric nitrate 

was added to the suspension before steac. was passed through, 

the extent of cleavage of benzene was decreased ond the 

vield of nitrophenci was increased. These observations »rould 

all be consistent with the view that the mercurial does not 

revert to benzene before bcins jxyr.itratod; that the cleavage 

to benzene is favored .-'s the nitric acid concentre tia-n is de- 

creased while at the same time the oxynitration is inhibited; 

that cleavage -.f the .mercurial is inhibited by the presence 

of an excess of mercuric nitrate in solution. 

Serious consideration was given t - the i>r.ssi dlity 

of carrying out the oxynitratijn in tv separate stages, the 

first beinfj ? controlled mercuration of benzene and the 

sec ~>nd stage consisting of the cenvcrsi ,n of the uercurial 

intermediate into LKP or PA. It was h .,-ed that by thus 

dividing the overall process int; separate ste;.s it would 

be possible to adjust the reacti-.r: conditions a re fav rarly 

for each phase. All taodificttlons sf such a two-sta^e ,..>!•-cess 

failed to attain the best yields of a -no-stage oxynitratl«:n. 

The failure is U be attributed t■-. the fact that poly- 

mer curation -ccurs very readily if the L-.cno-nercurate-J benzene 
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derivative is allowed to build up an appreciable concen- 

tration in the mixture. The complex -olyaercuriaIs which 

are formed do not yield more than small amounts of DNP or 

PA upon treatment with nitric acid. In an actual oxynitratioj) 

it appears that the monomercurated interuediate react.*; so 

rapidly to form nitrosotanaene that only a low steady-state 

concentration is present and the extent of polymercuration is 

snail. 

(4) Ifercuration of Benzene in Nitric Acid Con- 

taining Urea.- Th;- demonstration that phenylmercurie compounds 

are forced under conditions very close to those used in 

actual oxynitrati ?n, .und the experiments in which phenyl- 

mercurie compounds were converted inte DKP by nitric rcirt 

constituted fairly convincing evidence that aercuratiT is 

the first step in the oxynltration process. The theory of 

Blechta and Patek,10 involving the idea of "nascent benzene1, 

regenerated from phenylmercuric nitrett ras an intermediate, 

was net, however, excluded as a possible path fron: benzene 

to DNP. 

Westheiaer^"»^' was able to provide direct experi- 

mental evidence in support of the Dcrz^ns mechanise. Fie 

showed that phenylmcrcurie nitrate is converted in the 

presence of nitrogen oxides t. benzenedlaz^niuu nitrcte, 

which can then break down to phenol and thenct to DNP iu  the 

presence >f the proper concentrations of nitric and nitr us 

acids. 
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Of particular interest was irtestheimer's demonstra- 

tion that the Jiercuration of benzene .-ccurs at normal r;.tes 

in nitric acid containing urea, but all subsequent stea £> of 

the oxynitration are inhibited In the absence :f neces- 

sary nitrogen oxides. Using solutions containing urou as an 

oxynitratian Inhibitor, he w:-iS able to measure the rstos )f 

formation of phenylsercurie nitrate from benzene in different 

concentrations of nitric =;.ciü and at various teTveratures, 

and to show that the rate if mercuraticn is probably the 

rate-controlling step in the; raynitrati n ^recess under the 

usual .ire^'-rativfc conditions. 

Westheiuer's betch preparatl n >f *henylmcrcurie 

nitrate in r.itric acid containing urea suggested t. us later 

the possibility of preparing phenylaorcuric nitrate in the 

c ntinucus extructi -a apparatus. Since phenylmercuric nitratt 

is somewhat seluble in benzene, we wer.', able t pre;.aru that 

compound conveniently by use of the- fritted disk extract.* 

(No. 4) with sclutions cf r.orcuric nitrate in nitric ocid 

containing urea. Details >f this prep-orcti n have clre&dy 

been described on page fiü i'or the Mo. 3 Jot Extractor. 

C. fiitr- i:oben^ene ->s -.n  lnteri.edi."te in Oxvnitrrticn 

At a meeting of contract i?r<u.s (Michigan, Uhica»'-, 

T-rrnt';, and Pennsylvania Universities) h...U'. in Detr It in 

April, 1943, Dr. Westhei^or presented bis report ;f March 15 - 

.Viril 12 describing the first direct jxperi&entol evidence 
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confirming Darzens' proposed conversion of phenylwercurie 

nitrate to benzenediazonium nitrate. In the discussion which 

followed Dr. Westheiuer's report, attention was called to 

reports in the literature  which indie-'.tu that aryluarcury 

compounds are cleaved with great case to nitres-- cenpeunds, 

Q.nd that aryl nitr.-,so compounds are in turn readily converted 

t: diazoniUE nitrates by the action of nitric oxide.   The 

possibility was suggested that nitrr.sebenzene uiay be a true 

intermediate in the oxynitration sequence, instead cf 8 

precursor of s :-.e ~A'  the by-products, as suggested in the 
17 

article by Desvergnes.   That nitr3Sobenzenfc is ? true 

intermediate was later confirmed by experimental tvorx f 

the three KDRC contract groups« 

The conversi m  of nitrosebenzene t:. DNP by the 

action of nitric oxide -:.ncl nitric acid, without the use :f 

mercury, was shown at the university :f Pennsylvania in the 

following experiuent. 

Oxynitratl-n ■;.£  Mitres/benzene with ;ut Lkrcuric 
Hitrate.- A solution cf 80 ,il. 3f r60/i>  nitric acid v.as 
stirred :?t 20?C. and 10.7 g. of finely [:cwdered nitrose- 
benzene was added gradually during ne h ur, nitric oxide 
was passed through the solution constantly during the 
whole reaction peri »d. The fixture was stirred for an 
additional fifteen .:inutr=s, then 67 cc. of 70$ nitric 
acid was slowly added with stirring t. increase the aeit! 
concentration to 50^ by weight (a >r jxiuctely) . The 
temperature rose rapidly to 50-55e'C. The fixture was 
stirred for two hours, then chilled :.nd iiltered to re- 
move 9.7 g. (52.7#) of DNP. 
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D. Evidence Leading.to Westh&lmer's "Rearran^euent Llechanisin. 

(l) Evidence for the Darzens Diazonlum Mechanism.- 

The Darzens tiazonium Mechanism, extended by the Inclusion of. 

nitrosobenzene as an intermediate, was accepted :s a working 

hypothesis by the NDRC contract groups for aome time. The 

strongest evidence supporting it was that every postulated 

step could be demonstrated experimentally. Furthermore, the 

rates of the individual steps as determined by westhelner 

accounted very well for the observed rates of oxynitration 

in concentrations of nitric acid below 50^ by weight (10.4 id). 

Another feature of the diazonium mechanism WEIS that it gave 

a plausible explanation for the observation that i:0 to 50^ 

of the benzene was consumed by oxidative side reactions. 

The nitration of phenol, pictured as an Intermediate, is 

known to give poor yields. 

The diazoniuc mechanism requires nitrogen oxiC.es 

as essential reactants in the oxynitrotion process, and. since 

normally the preprrative oxynitration is carried out without 

the addition of nitrogen oxides from an external source, It 

follows that the nitrogen oxides required for the reaction 

would have to be formed internally by the reduction of 

nitric acid. Since benzene is the ':nly organic material 

introduced, it also follows that the reduction ef nitric acid 

must occur at the expense :>f the oxidati n of bonsene or 

compounds derived fro:.; it. On the assumption that benzene 

would have t:>  be oxidized to for^ NoOg, Westheiner proposer; 
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a stoichiometric equation to define the most efficient 

possible utilization of starting materials, as follows: 

19 C6H6 + 75 HNOg —^-15 CgH^NO^gOH + 24 C0g + 15 Hg + T.>  Hß0. 

(picric acid) 

This equation assumes that lost benzene is oxidized completely 

to carbon dioxide to form only the needed nitrogen oxides 

with none left over, and that in addition the oxidation :jf 

benzene occurs before conversion to benzenediazoniuin nitrate. 

On this basis the maximum yield of picric seid would be 

15/19 or 79$, and 21# of the benzene, at the very least, would 

be lost by oxidation. 

As an alternative, the group at the university of 

Pennsylvania proposed the following stoichiometric equation: 

■. 

7 C6Hg + 24 HN05 5 CgHg(NOfc,)«iOH + 12 COjv f 7 Ny + £3 H«.>0 

(DN?) 

The assumption inherent in this equation is that the organic 

material oxidized t; produce carbon dioxide and nitrogen 

oxides first undergoes the oxynitrati.n steps thr:ugh phenol 

and that it is phenol which is oxidized; the number jf i.i les 

vt  nitrogen formed will by this assumption be equal to the 

number of moles of benzene uaed up rather than to the number 

^f moles of dinitr>phen:l f'r:.ied. On the basis >f the letter 

equation, the maximum yiold of DKP ( r Pi») w:mld be 71.5/5, 

with a minimum :>f 28.5>- of the- benzene destroyed. 

The actual yields cf DI»P ■'nc PA isolated in . 
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large number of batch and continuous oxynitration runs 

■approached the Units set by the above stoichioaetric equations, 

and this was considered for a tiue as tending to confirm the 

correctness of the diazenium mechanism. 

(2)  Evidence Against the Eiazoniua Mechanism.- 

G. F. Wright end co-workers discarded the diazonium mechrnism 

largely on the ground that they were able to find only efcout 

three-fourths of a mcle of nitrogen for each mole of picric 

acid formed,ox  rather than the predicted minimum of one nr/le. 

The low yield of nitrogen was later confirmed in the con- 

tinuous extraction apparatus (No. 5A) at the University if 

Pennsylvania (ODP-14, Division 8, KDRC, January 15, 1944, 

page 11). Under the relatively ::ild conditions of the ex- 

traction process, in Run 5A-6, slightly less than _ne mole ■■f 

inert residual gas (N-J + N^G) was obtained during the pro- 

duction of a total of 5.5 moles of CM? and PA; this finding 

provided definite proof that under opti.mim conditions M" 

oxynitration only a part of the nitrophenrlic material can 

arise through the intermediate of benzonediazonium nitrate. 

Data on the consumption of nitric ocic! in the continuous 

extractors (OrP-13,27 Division 8) als_ showed that, even when 

the loss in the fume is counted, the total consumption '.-i 

nitric ncid in some •f the runs with material balance was 

less than the minimum ot  four moles of nitric acid required 

by the diazonium r:;echanisr: for the formation of each mole of 

DKP. 
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Several months before material balance data were 

available to prove the existence of an alternative mechanism, 

there were indications that the diazonium mechanism was in- 

adequate. When the yields of DKP + PA were calculated for 

runs in the continuous extractors, eliminating from the basis 

of calculation the benzene volatilized through the condenser 

and that which was converted to nitrobenzene and dinitro- 

benzene by side reactions, the "oxynitration efficiency" 

yields so computed were found to exceed the liiu.it of 71.5)2 

set by the Pennsylvania stoichioaetrlc equation, end in a few 

runs even the figure of 7956 implicit in Westheimer' s 

stoichic.metric equation (see page S8  f'">r e. further dis- 

cussion of the methods of calculation). This could >nly be 

possible if an alternative mechanism existed which would net 

require nitrogen oxides as reactants in the amounts dtr-endec'. 

by the diazonium mechanism. 

In spite of our repeated efforts, all experiments 

designed tc  improve the yields „f nitroption-:Is in :xynitraticns 

by the addition of nitrogen oxides from en external source 

failed. In the presence of high concentrations ;f nitre>gen 

oxides, whether the oxides ver- added from an extern:.! s urce 

or generated in the mixture by addition ..f sodium nitrite 

or hydroquinone, the yields of DMP were always Lew (50> or 

less) and considerable aiajunts >f highly colcreä by-proöuet.s 

were formed. 

On the basis of kinetic studies :f the various 

steps of the diazonium se^u^ne^, Westheiiaer u-s led to 
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1 

predict (ODP-8, Division 3, NDRC, July 15, 1943, page 45) 

that above 50$ (10.4 d)  nitric acid strength the oxynitratlon 

reaction would suffer Cue  to the sharp increase in the rrte 

of diuerization of the intermediate, nitrosobenzene. He had 

previously shown thot the rate of diazotization of nitrosc- 

benzene was not favored by an increase in r.cid strength. 

We found that, contrary to the prediction, good yields :f 

nitrophenols could be obtained in both batch and continuous 

oxynitrations carried jut even in 6Q* nitric ?.:cid, (ODP-IO,*' 

September 15, 1943, page 9). 

Frou a consideration of the inconsistencies n..t 

explained by the diczoniua aechanisn, Westheisier proposed 

(ODP-11,27 Division 8, KDRC, October 15, 1943, page £7) that, 

while the diazoniuti nechanisE accounts f ;r the fornction of 

a pcrtion of the nitrophenalic material under so.:itj reaction 

conditions, an alternative mechanise capable ef giving higher 

yields obtains under other conditi: ns, particularly in 

nitric acid above 50^ concentration by weight. His alternative 

mechanism has already been outlined (Path A, page 10). Jn 

subsequent reports Westheiner provided evidence which pr.ved 

in a very convincing and element manner the correctness of 

the essential features of his alternative "Resrran;je:oont 

Mechanise:," which share? with the original Darzens ueclv-nisa 

the initial steps :;f aercuration of tno benzene and con- 

version of tht: mercurial to nitr^ssbonzene. The Viiesthoiner 

mechanist: is the predominant '.ne under optimal operating 

conditions ;f the oxynitratlon process. 
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E. Miscellaneous Ctudies Relating to idechanism 

(1) Preoart-tion of 3asic Phenvlaercuric flitrate.- 

A new method for the preparation of basic phanylmercuric 

nitrate was developed which is much more convenient than 

the method of V/oolett and Coulter. 

Procedure; Powdered phonyl.^ercuric acetate 
(100 3.) is gradually .'Jaded to a solution of 125 nl. of 
concentrated ammonium hydroxide in 400 ul. of water 
heated on a steam bath. An additional £0 nl. of concen- 
trated ammonium hydroxide is added, after which the solid 
is almost all in solution. The Mixture is heated to 
boiling and filtered into 75 ml. of 70$ nitric acid which 
is continuously end vigorously stirred with a aechaniccl 
stirrar. An additl >nal 5 ul. of 70# nitric acid is 
introduced and the solution, containing a suscensicn of 
some white solid, is boiled for one minute. It is cooled 
to 5rjC, filtered, and the solid washed with ice water. 
The yield of pure colorless basic ghenylraercurio nitrate, 
m.p. L81-S° dec, is 73.5 g. (77.5#). 

(8) Piazotizoti.;n of Phcnvlmercuric C./.-.oouncs in 

Glacial Acetic Acid.- In line with an idee that the 

mercuration step might be carried out separately fro* the 

subsequent steps of the oxynitration, s ..Jt, experiments wore 

made on the diazotiaaticn cf phenyimercuric acetate in slaclal 

acetic acid. Diazotizati'n c:;uld be accomplished with 3.ithor 

s'jdiurc nitrite and sulfuric acid or by the intr-.ducti-n of 

nitrogen jxir!es, as shown by the isolation >f  c::ui;loci products, 

but phenol could ml bü isolated, ana conditions could not 

be frund by which the resulting mixture could be converted in 

good viele5 to DKP. 

(3) Ihe R.jtction ?f jfl-Dlacet xyuercurlbcnzene vith 

Nitric Acid.- The possibility that diaercurated benzene 

derivatives mi>.;ht be forced in the oxynitration mixture led 

us t examine the nature of the reaction of 2-tliacetoxy- 
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mercuribenzene (prepared by standard methods from the bon- 

seno-disuifonyl chloride) with 50%  nitric acid under con- 

ditions similar to the usual batch oxynitration conditions. 

Of the amount intreduced, 60$ could not be accounted for as 

definite products, 6%  of a mixture of mono- and dinltrobenzenes 

was obtained, and a 51$ yield of DNP was isolated. 

(4) Conversion of Benzenediazoniun Nitrate to 

DNP and PA.- Diazotized aniline was converted to 8 mixture 

of DKP and PA in e yield between 61.6 and 66.7>t> in a one- 

step procedure similar to the usual oxynitration. 

Procedure; Aniline (ü.Jb mole) was diazotized 
in 75 ml. cf 5QJ6 nitric acid with 15 g. of sodium nitrite 
in 85 ml. cf water. By means of a chilled dropping 
funnel, the solution of diazenium salt was added to 
600 ml. of 10.4 M (50/0 nitric acid; the solution was 
vigorously stirred at 50'JC. The acid strength was held 
constant during a three-hour period by addition of 98> 
nitric acid. A yield uf 15.1 $.  of solid DKP was 
filtered and 9.45 g. of a mixture of  DKP and PA was 
extracted] total yield, between 61.6$ and 66.7;J (no 
analysis on the composition of the extracted mixture). 

(5) Conversion of u-Nitrobenoenediaz-nium Kitrate 

to DKP.- In an effort to break down the oxynitration process 

into its component steps, some model studies were carried 

out with p-nitrophenyl derivatives. In one experiment it 

was shown that diazotized p-nltroaniline can give o  small 

yield of DKP under conditions apprexi.aating the oxynitration. 

There is nc recs;n t believe that the nitre diazenium 

compound is :.r intermediate in the ixynitration of benzene. 

Procedure; p-Nitroanlline (0.£ mcle) was 
diazotized by the same procedure described in the preceding 
section, srid wes in turn treated, with warm 50^. nitric 
acid for f:?ur hours at 50'"C. upon doling the mixture, 
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tests were obtained for unchanged diazonium compound. 
Extraction with benzene and .purification with alkali led 
to the isolation of 3.2 g. (8.7#J of quite pure DNP, 
ra.p. 113-4°. 

(6) Reaction of Nitroohenvlmercurie Salts with 

Nitric Acid.- Nitrobenzene was mercurated with mercuric 

acetate in acetic acid, giving, according to literature 

reports, a mixture of o-, ra-, and p-nitrophenylmercuric 

acetates. In a series of experiments which it was hoped 

would throw light on the mechanism of oxynitration, portions 

of the mixture of üiercurated derivatives were treated with 50- 

55# nitric acid at 70-80cC. for three hours our in.: which 

small portions of sodium nitrite were added. Prom the re- 

action mixtures wo were- able to isolate small amounts of o- 

and p-dinitr:^benzene and an unidentified mercury-free crystal- 

line compound, m.p. 248-250°. In another experiment at 

100-110 C. small yields of o- and p-dinitrobenzene were- ob- 

tained, but no nitrophenols were identified. 

(7) The Nitration of Phenol.- when it was still 

considered probable that the diazonium mechanism was the 

important one, a careful literature search was made to  de- 

termine the yields to be expected from the nitration at 

phenol with approximately 50$ nitric acid. (Literature re- 

view, ODP-8,27 Division 8, NDRC, July 15, 1943.)  The con- 

clusion was that the nitration of phenol is always attended 

by considerable losses due to formation >f dark condensation 

products end because of oxidation. Confirmatory experiments 

under conditions approxinating those f the oxynitrati n recctior, 
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gave a ciaxioum of 65-7036 of DNP containing some PA. Dark 

by-products were always formed. 

(ft^ The Catalytic Effect of tiianaanous Kitrate in 

the Kitration of o-Mitrorjhenol and of p-Nltroüh^ncl.- In a 

series of experiments intended to determine whether mercuric, 

nanganous, and aluminum nitrates have any catalytic action 

of the nitration of mono- snd dinitrophenols, we found that 

mercuric and aluminum nitrates apparently have no effect, 

but mangancus nitrate definitely increases the rate of can- 

version of the mcno-nitrophenols to DKP. Bachmann 27>28 

subsequently showed that mang'-mous nitrate catalyzes the 

nitration of DHP to Pk.    These nitrations are all sensitive 

to the concentration of nitrogen oxides, and it is possible 

that the catalytic effect of manganese, which is quite 

pronounced, is due to an effect en the nitrogen cxide 

equilibria. Although oangaiious nitrate has been recommended 

previously for the oxynitraticn reaction, we arc net eware 

that its role as a catalyst in direct nitration has been 

pointed out before. 
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APPENDIX 
. ANALYTICAL sflSTHODS 

List of Analytical Procedures Described; 

Determination of Acidity in Oxynitration Solutions 

Analysis for Mercuric Ion in Oxynitration Stock Solutions, 
Mother Liquors, Fortifying Solutions, Washings, and Rinsings; 
Analysis of DNP and PA for Mercuric Ion 

Manganous Ion Analysis in Stock Solutions, Mother 
Liquors, Fortifying Solutions, Washings and Rinsings 

Analysis of DNP-PA Mixtures for DNP Content 

Analysis of PA in DNP-PA Mixtures 

Analysis of Acid in Gas Absorption Trap for Nitric 
Acid ?nd Potential Nitric Acid 

Analysis of Gases Evolved in Oxynitratic n 

Analysis >f Oxynitration Liquors f..r Oxalic Acid 

Analysis of Oxynitration Liquors for Nitrous Acid 

Analysis f.r Acidity 

1. Solutions 
P;tassiu;u Thi^cyanatö, 1.0 N (96.8 g. KSCK/1.) 
Conga Reel, 0.4$ aqueous (4 g. concc red/1.) 
Standard Sodluu Hydroxide, 0.5 N (20.0 g./l.) 

(Standardized against tj?tassiu>:: acid phthalat» 

Ü.  Procedure 

The method empl ycd is that described by 
D>v.ning anc" Wright.81 F r the st.ck svlutirn and mother 
lic.uor a sample is withdrawn with t 1-ial. pipette (Ncto l) 
anc! droined into 100 si. of water in an Er 1 onr.it.-yer flask. 
Six Milliliters of potassium thi.^cyanate sulution (Note S) 
and f-ur dr;j;s of cong; red tre ocdec!. The. s>.luti.n is titratee! 
with stmo'arc' s >dluia hydroxide t- l   definite red end ,. int 
(Koto 3). Acidity is expr^s^d as nolarity f nitric acid. 

IÜ.HN0* - N-NaOH x V--1. riaOH 
v.l. sa.:. JIO 
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APPENDIX 
. ANALYTICAL sfiETHODS 

List of Analytical Procedures Described: 

Determination of Acidity in Oxynitration Solutions 

Analysis for Mercuric Ion in Oxynitration Stock Solutions, 
Mother Liquors, Fortifying Solutions, Washings, and Rinsings; 
Analysis of DNP and PA for Mercuric Ion 

Monganous Ion Analysis in Stock Solutions, Mother 
Liquors, Fortifying Solutions, Washings and Rinsings 

Analysis of DKP-PA Mixtures for DNP Content 

Analysis of PA in DNP-PA Mixtures 

Analysis of Acid in Gas Absorption Trap fir Nitric 
Acid end Potential Nitric Acid 

Analysis of Gases Evolved in Oxynitration 

Analysis Df Oxynitration Liquors f.r Oxalic Acid 

Analysis of Oxynitration Liquors for Nitrous Acid 

Analysis f T Acidity 

1. Solutions 
Potassium Thi^cyanat«, 1.0 N (96.8 g. KSCN/1.) 
Cong; Reel, 0.4$ aqueous (4 g. conge red/1.) 
Standard Sodium Hydroxide, 0.5 N (20.0 g./l.) 

(Standardized pgainst potassium acid phthalat» 

£. Procedure 

The method empl ycd is that described by 
Downing and Wright.21 For the st.ck s.lutirn und  mother 
liquor a sample is withdrewn with a 1-ral. ^ipettt (Note 1) 
and droined int;. 100 al. of water in an Erlenmeyer flask. 
Six aillilitors of potassium thiocyanate solution (Koto £) 
rmr f-ur drops :;f Congo red  r^rc added. The S'.luti.n is titratec! 
with ste.ndord s ;diu!;; hydroxide t- ■ definite red end (J int 
(Kote 3). Acidity is exprc^s«id as nolarity f nitric acid. 

ii-HKOa - B^fifiB * v-1'  ]
"
L0H 

v.l. )l0 
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5. Notes 

(l) For less concentrated solutions than 10-12 M HN03, 
a proportionate scmple can be t'ken. 

(S) Addition of potassium thiccyanate prevents the 
precipitation of HgO. Yi/hen Mn is absent only 3 .4i. are re- 
quired. With the mercury fortifying solution (l v.  HgO per 
Vil.) it is necessary to use 30 ml. of KfcCN t" prevent the 
precipitation of HgO in a l-ml. sample. 

(3) Ordinarily this is an exceedingly sharp end 
point. The color is hard tc determine, however, when nitri— 
phencls are present. In these cas^s, near the end peint a 
drop of indicator is added after each drop -f alkalij the 
end point is reached when there is n* c- lor change. 

Analysis for Mercuric len in Scrluti- ns 

1. Solutions 

Sulfuric Acid, c-nc. 
Nitric Acid, c/;nc. 
Nitric Acid, 6 N (S90 ml. c.nc. HNO3/I.) 
Ferric Alum, sat'd. (140 g. FeNH^SO^g.lßHgO 

dlsse-lved in 400 ml. of lvt water. When ecol. 
filter, and make up te 500 ml. with 6 K HNO3.J 

Standard Ammonium Thiocyanate, 0,1 N (7.61 g. 
NH4SCN/I.) (Standardised against a knevn 
s.Iuti:n f HgO in nitric acid.) 

2. Procedure 

The mercury concentration Is determined in the 
manner described by Downing end Wright.21 A 2-ml. sample f 
the unknown (K:tos 1 and 2) is pipetted int.' a lar.;e test 
tube (25 x 200 mm.) 2nd 3 ml. of c.nc. sulfuric acid is added. 
A burette funnel is inserted int; the rc;uth of the tubj 
(Note 3) clamped in an inclined positi <n .n <;• rin,-; stand, 
and the solution is boiled until fuu.es of sulfur tri.xide 
are evolved. The s- lution is allowed te cool scmewhat, rbout 
0.5 ol. of c.nc. nitric acid is added cautiously, and the 
solution again fumed. The addition f nitric acid and 
fuming are repeated until nil organic matter has beer destroyed 
and the s.luti:n is colorless (Note 4). Tw: such turnings are 
usually sufficient. The solution i» c . .'led under the tap and 
washed into a 850-ml. Erlenmeyer flask with 100 ml. .1" water. 
The resulting sluti n sh-uld be colorless. 

Two milliliters of ferric alum indicator end 6 -.1. 
f 6 N nitric rcic'' are added, and the "--luti n c .led below 
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20 C. It is then titrated with standard ammonium thincyanste 
to the appearance of a permanent pale-brown color (Kote 5). 
The mercury concentration is expressed in moles per liter 
(Note 6). 

M Hg++ =    M NH4SCN x vol. NH^SCN 

2  x vol. sample 

3. Notes 
++ 

(l) For solutions less concentrated than 0.5 M Kg 
a larger sample may be taken, in such cases it is advisable 
to evaporate the sample to c. small volume in an evaport ting 
dish before the digestion period. Concentration in the test 
tube is virtually impossible because of the violent bumping. 

(S) It is desirsblc to determine the concentration 
of the mercury fortifying solution by weights A 0.4 2. 
sample is weighed out from c Lun-;e pipette and titrated with 
ammonium thiocy-inate standardized e.gf.inst '- known weight of 
HgO. 

(3) Thi use of 1  burette funiitl reduces to a 
large degree the loss of mercury by entrainiaent in the sulfur 
trioxide fumes. 

(4) Sometimes .-.* pale yc'Llov color persist* after 
all the nitrophonol is destroyed. If ""iAnsjanese is present 
a pink color may develop. The destruction oi'  organic nrtter 
is complete, however, if the solution is colorless when 
diluted. In the absence of organic matter, this di.^osti^n 
racy be omitted. 

(5) It is dcsircblc to c&rry out this titratin 
in a cold concentrated solution. The end p.;int is mere ».-."sily 
observed against the background of white HgSCN which pre- 
cipitates near the end point. 

(6) For the very small amounts ~i mercury (.01-.05/0 
which may be present in the nitrophtnolic products a modified 
procedure is employed, as follows:kl 

A weighed scmple (ab.;ut «r g.)   is dieomp^sed with 
10 ml. -f cone, sulfuric acid and 5 ml. of 70% nitric -.cid 
in v  pyrex 100-n.l. Kjeld&hl flask.     The mixture is b iled 
carefully, with addition . f '- Killing cnip, to the app^ranco 

■f sulfur tri xide fumes. The soluti n is allowed t 0.. 1 
somewhat, £ ml. 3f c nc. nitric r.oid it  added, and the b Hing 
to sulfur tri xide fumes is repeated. The digcsti.n is re- • 
petted until the s-'Luti n is nearly c 'lorless. It is then 
diluted, and titrated with 0.05 N amu nium thlccyanate in a 
microburct, using ferric aluo. ;..s the indicator• The results 

CONFIDENTIAL 



-lüö- "OiiniinLJ 

are expressed as per cent Hg° by weight. 

% H o =    vol>  KH4SCK x K NH4SCK x 10.08 
wt«  s staple 

Analysis for Maneanous Ion in Solutions 

■?l      For small concentrations of uxnganese, Downing and 
Wright have described a satisfactory method of analysis, 
modified from the KSTM ammonium persulfate-arsenite method. 
With the higher concentrations of Manganese used In the con- 
tinuous extraction method 3f cxynitration, the well-known 
sodium bisauthete method proved t: be ..;cre convenient and 
accurate.33 

1. Sr.luti-.ns 

Sulfuric Acid, cane. 
Nitric Acid, cone. 
Sodium Bismuthate, solid (Qk%  MaBiOgj Baksr's 

Analyzed) 
Nitric Acid, v.ash (30 ral. c nc.  HNO3/I. water) 
Standard Ferrous Ammonium Sulfate, 0.15 K (59.1 g. 

Fe(NH4)2(b04)ö.6%0/l. + 1£ ml. c ne. HfcS04) 
(Standardized against stond&rd KLnO/0 

Standard Potassium Permanganate, 0.15 N (5.0 .'. 
KMn04/l. Evil for 30 uinutosj col; let stand 
24 hrs.j filter through Ck><:ch .r sinterte" Rlcss 
crucible)  (fatvndardlzad against s.diuc. 'v.: Uto ) 

«2. Pr ;ccduro 

A 2-nl. sample (Notes I  and k)  is pipetted fr-.K, 
the unknown s:-luti-n and tho ,r genie matter is destroyed in 
the rannner -..'escribed for the ntrcury analysis. The eld 
sulfuric .ucic1 solution is then washed inte e 500-cl. iodine 
flask v,ith 75 ral. of water, end 25 ml. -f one. nitric äci<" 
is added. The sunti'n is co.-led to 10-15°C. in an ict bath, 
and 1.4 g. >f sodium bisauthatt ia added all at nee. The 
contents >f the flask are agitated briskly i  r l ainute, 
IOC ml. :,f rater is added, one the access s diua bismuthate 
is separated by filtrati n thr u.;h v  sintered .-lass funnel. 
The flask is rinsed out and the precipitate washed with 60 ...1. 
f dilute nitric -...cid (3#) until the wash is c ;lorless. 

To the c.whined filtrates is added 50.00 ral. if 
standard ferrJUS ann.-niun sulfate. The nearly c .lorless 
s iluti n is back titrated with str.nd.ard p;>tassiu;a per:..:.r&an:«to 
t' r. pink en-'  \y int. 
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A blank run is carried cut by mixing 50.00 sal. of 
standard ferrous ammonium aulfate with 1£5 ml. of water, 
adding 25 ral. of cone, nitric acid diluted with 60 n\l.  of 
wash nitric seid, and titrating against standard potassium 
permanganate. Frou: this v&iue is subtracted the volume of 
permanganate used in the determination of the unknown, tc 
give the volume of permanganate equivalent to the csanganesc 
present in the unknown sample. The concentration of ..-Angontse 
is expressed in taoles per liter. 

. ++   N KMnO^ x vol. KIin04 required *L I<In        —     —""—~~—-~~««—————————————— 
5 x vol.   sample 

3.  Notes 

(l) For solutions less concentrated than 0.5 M dn 
a larger volume of unknown *as t;;ken for analysis. 

(£) For manganese fortlfyln« solution, the de- 
termination is carried out n a saw 
a Lunge pipette. 

plo (0.5 g.)'weighed fr-ta 

Analysis for DNP in Mixtures '■■!' DI'iP-P* 

Tht eterninati-n   -if c'initr >phen ;1 in the  acic ic 
products is based upon the Koppesch^ar titration ;th 
worked cut by Er. E.  C.  Vva>;ner"of this-  lib.r".tcry.    Th, 
fallowing react.!ons are involved: 

5  KBr   +  KBrOr   +   6  HOI Br,   +   6  K s-^o 

OH 

-NOo 

N0r 

Br. 

OH 

Br-/^ NO s    + HBr 

NO, 

(excess)  Br2 + k Kl  *-    1L> + L KBr 
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1.  Solutions 

Sodiuu Hydroxide, 0.5# (5 p.  MaOH/1.) 
Hydrochloric Acid, cone. 
Koppeschaar Solution, 0.15 IM (-a.L g. KBrOg + 

60 g. KBr/1.)  (Standardized sgsinst Stendarcr 
Sodiur.1 Thiosulfate) 

Potassium Iodide, 50;« (400 g. Kl/400 ml. HgO) 
Standard Sodium Thiosulfate, 9.1 iJ (£4.6 g. 

Ka2S^03.5HgO/l.)  (Stendardized against 
potsssiun iodateS4) 

Starch Solution, 0.5$ (fc.5 p. soluble starch/500 ml. 
HgO) 

I 

S. Procedure 

A weighed, sample (.'..bout 0.2 g.) (Hots 1) of the 
unknown is placed in a 5QQ-ml. iodine flask end dissolved in 
an excess of dilute sodium hydroxide (about 15 ml.) by heating 
to the boiling point (Koto £)• The walls of the flask are 
washed down with 25 ml. of water and the contents if the flusk 
boiled, until solution is deplete. A dr..p of phenrlphthr.loin 
is added to determine if an excess of r.lkali is present. The 
solution is tnsti diluted with 100 ml. f w:ter .nil c .led. t- 
15-£0°C. (N te 3). 

To the cold alkaline soluti n is added 25.00 ml. 
;f Koppeschaar solution fr .:. i  pipette, and then 5 ul. «-f 
c-nc. hydrochloric seid (Note 4). The flask is strppored 
immediately« the contents nixed by swirling, r.nd i, 11 ■ -.vi.'' t: 
stand in a dark place f;r 10 i-inutes (K %te u) with ccasl m.l 
shekin^. At the end >f this- tine the st.-ppered flask is 
c;.led. tJ  create sucti'n. Five roilliliters f p.tasslum 
i.dide s:luti n is placed sn the flange z£  the i'dint flask, 
and allowed t.: drain int ■ the flask by 1. sening the st: pper 
slightly. In the same manner the walls of the flask .-r 
washed d.-wn with a small au unt c£  water. The st 
is shaken t; dissolve '11 bromine vapors. 

p JVl  i. flask 

The liberated iodine is titrated v.ith stendard 
sodium thiosulfate soluti:n. Near the and p'.-int E ml. -:i 
starch s:luti:n is added. The en'' p^int is reechoi: when 
the starch-iodine color disappears and is roploce-1 by : p'-.le 
t. bright yell.'? c.l~r. The p?.le yellow precipitate v.hich 
usurlly ppper.rs is 6-br-,mo-£,4-dinitr:l;hen"-'l, • >nC  causes n 
interference. 

A blcnlc is carried ut in exactly the ij:,.ie manner, 
■•mitting th.- sample, t determine the vlu.ie of standard 
sodium thi>sulfate equivalent t>- 25.00 ..1. of standard 
Koppeschaar S'-luti >n. (It Is n.t necusssry that th>. blank 
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determination strnd longer than 5 minutes.) The volume of 
sodium thiosulfate solution required ror the blank minus 
the volume required for the unknown sample is equivalent 
to the bromine consumed by the DNP present. The result is 
expressed as per cent DNP by weicht« 

% DNP = 
100 x vol.  NafeSgOg x N NügSgOa x 0.085*055 

weight of sample 

3. Notes 

(l) For samples containing less then 50/i DNP 
larger samples (about 0.3 g.) of the unknown are desirable. 

(£) Do not boil unless there is an oxcest of 
alkcli present, since DKP is lost by steam volatilization. 

(3) A secondary reaction occurs- at a higher 
temperature in v.hich one of the nitro sjroupt is replaced by 
bromine. likewise the nitre groups in picric acid "re 
attacked by bromine, the rate of reaction being accelerated 
above 30°C. 

(4) The hydrochloric acid can be .r.casureU intc a 
test tube beforehand end added all at once. 

(5) A period "f re: ction longer than 10 .o.inutcc 
gives high results in fixtures containing Pa, presumably 
caused by the replacement of the nitro ^roups ir; th- :'..- lecul« 
by br;mine. Alth-ugh the br .-.nincti. n i DNP is a very rcpid 
reaction, it is advisable to let it proceed for the length 
of time specified, in -rder to get more accurate and- re- 
producible results. 

Analysis for PA in DKP-PA Mixtures 

Tw- methods are ::vaiUhlo f r the estimati n cf 
PA in the nitrophon lie products fr :■■... the .xynitrati n re- 
action. The mere securate -.n«. in" lvet precipltati n with 
nitron and weighing as nitron picrate. DKP is determined 
difference. The w rkers at iiichigan n .vc used this method 
exclusively. Nitric acid :r nitrates will interfere, :s d 
DNP if the conditions for precipitation are not carefully 
c ntr:.lled. Since the experimental v.-.rk at Pennsylvania h 
been concentrated ;n the pr.ducti n ::-f DNP rather then PA, 
resulting in products hi.ajc\  in DNP c ntent, it seemed :ere 
visible to determine DKP directly by the K ^peschaar titr. 
nethod, and t ■ calculate the PA content by difference. 

The ■ th.r ueth'd f.r th-. determinate n f t3A is 
ucv:d in c D.junction with the K. ppeschaar titrati r. ueth d, 

by 

t:L n 
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It involves adding an excess :.f standard acid 13 e solutii n 
of  the nitrophenolic unknown dissolved in an excess of 
standard alkali, and back titrating with standard base to 
a phenolphthaleln end point. The disadvantage of this in- 
direct method is the difficulty in determining the true 
equivalent point, and the dependency on the TKP determine ;;i n. 
The Method fails when the unknown is very high in DNP. This 
method was worked cut by Dr. E. C. Wsgner. 

1. Solutions 

Standard Sodium Hydroxide, 0.1 N (4.0 NaOH/1.) 
(Standardized against ;; ->tr.ssium acid phthalate) 

Standard Hydrochloric Acid, 0.1 H (9 ml. cone. 
HC1/1.)  (Standardized against Standard Sodium 
Hydroxide) 

Phenolphthaleln S lution (1 g. phenolphthalein 
dissolved in 50 ml. of ale hi and diluted 
with 50 :.il. of water) 

£. Procedure 

A weighed sample cf tht unknown is placed in a 
500-ml. flask (see procedure for determinetivn of DNP) and 
dissolved in an excess ;f standard i-diu.i hydr'Xlde (abut 
20.00 ml.) by hosting t: the boiling pint. The walls f 
the flask are washed down with i;0 sal. .1 water, and the 
solution is boiled gently until tb... satiple is dissolved. 
Three drops of phenolphthalein are added, asking certain an 
excess of alkali is present. The s .luti.-n Lv.  dilute1 with 
100 ail. . f water, cooled t room temperature, and on .v.xeess 
of standard hydrochloric acid is added. It is then back- 
titrated with standard sodiuiu hydroxide t: the phenol, hthalein 
end point (Mote l). The determination f DNP as described 
ebove cr..n then be carried out ..n tno sa:.\ le from this point. 
The PA content is calculated in terns .f .or cent by weight. 

%  PA = (Total vol. NaOH req. - v.l. NaOH req. 

for DNP) x N NeOH x *i.L91 
wt. sample 

vol. NöOH reg. for DNP = >  rKP x SH ■■■•■■■■ 1< 

N NaOH x 1.343 

3. Notes 

(L) This end .joint is invariably difficult t • 
determine. It is advisable tc overrun the end point in 
both direct! ns until the -bcervar i^ satisfied that he ken^ws 
where It is located. It is also advantageous to hav«, 
standard for comparison, :iiade up f kn.-wn ;u:ntities .f 
material. 

c lor 
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Analysis of KCJC! In Gas Absorption Tr&r? for Kitric Aci-.: 
and Potential Nitric Acid 

The g:^ses produced in the oxynitration reaction 
(GOß, oxides of nitrogen, Og, CO, nitrogen, entrained benzene) 
are passed through a trap consisting of cone, sulfuric ?ci:l 
and 98$ nitric acid. The oxides of nitrogen (except niticie 
oxide) and the entrained benzene are absorbed as nitroeyl- 
sulfuric ccid and m-dinitrobenzene respectively. Tiie re- 
gaining gases are passed through a water tra,: to scrub cut 
any acid furies which raay have been carried aver, and 
collected in 20-1. carboys by the downward displacement of 
a strong salt solution. The neutral suses :.re analyzed as 
described below. 

For a nitrogen balance it is nec^s-sary to ascertain 
the amount *f nitrous gi:ses absorbed in the seid fume-trap. 
This is accomplished by analyzing a known weight . f the rcic 
solutim before and after use, by the Lunge nitrometer aeth d. 
This v.ethoc depends upon the quantitative c -nversion of 
nitrates and nitrites (including nitrosylsulfurlc acid) into 
nitric oxide, in the presence of mercury end e:ne. sulfur 1c 
acid, r.s  followss" 

2 1CNO3 + 4 Hj,S04 f 3 Hg KfcS04 + Z  Hgfc>04 + 4 HgO + £ KO 

1. Solutions and apparatus 

Sulfuric Acid, c.nc. 
Lunge Nitr jtr.eter filled with mercury 

2. Procedure 

The procedure is the same as that describee1 by 
Lunge and Ambler.35 It involves ilacing a weighed su:.yle f 
the unknown (fr.a a Lunge pipette) which will ijivc cbut 
30 ml. >jf gas in the u*>per cut -'f the nitr ■.met er, nixing 
with 5 ml. >f c.nc. sulfuric acid, drawing the mixture int• 
the nitrometer through 0 st.pcock, rinsing the cup with ö :.l. 
of c.nc. sulfuric ccid, drawing this into the nitrcuueter, 
closing all stopcocks, shaking the graduated tube until th« 
ev.luti.n f nitric :xide ceases, and measuring the volu...e 
of gas produced, as soon :,c  the gas comes to rr. c,  tenooraturo 
and is adjusted to a tiao spheric pressure. At b.T.P. he  ml. 
-■f nitric oxide is equivalent to ß.816 mg.  f nitric odd. 
F;:r convenience the- result is expressed in ter-^s ■ f 100$ 
nitric ccid, per cent by weight in the tr? . solutions. The 
nitric acid equivalent t. the oxides f nitr:gen (^xc, t 
nitr-us ;xide) formed during the roucti n is equal fc: the 
difference in HNO3 c ntcnt bef>rc and after the exrerir.ent. 
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V» = V x P 

760 (l + 0.00367 t) 

where V - volume at LTP, ml. 
V = observed volume, ml. 
P = barometric pressure, ca. 
t - observed temperature of gas, °C. 

%  HNO3 by wt. . L0° * •00^16 * y' 
wt. sample 

Analysis for Oases Evolved It: Oxynitratlon 

The residual, neutral, rnd insoluble gases collected 
in the run, consisting of C0£, CO, 0-, NgO, and Ng, are 
sampled and enalyzed in ■•.n ordinary Orsat apparatus in the 
usual manner.36 

1. Solutions 

For C0<-; 

For Og 

For CO 

Potassium Hydroxide (fcOO g. KOH/1. HgOj 
for use dilute 5 vols. with £ vols. QgO) 
Alkaline Pyrogallol (1:00 g. uyrog&llic 
acid/1. HgOj for u^e dilute 1;1 with KOH, 
GOO g./l. H20) 
acidic Cuprous Chloride (340 «■'■ CuCl;;.:;K;c0 
dissolved in 600 ml« cone. HC1 nnC  re- 
duced by adding 190 ml. sat'd solution 
SriClg or until solution is colorless. 
The stennous chloride is prepared by 
treating 200 6-. metallic tin in 500-ial. 
flask v.ith cenc. HC1 until no laore tin 
goes into solution.) 

The gas remaining sftor C0t, Oo, ^nd CO hav...- been 
absorbed consists of 1^-0 cm NJJ which do not need to be de- 
termined separately fr nitrogen balances. 

7ihe results are expressed in terms of per cent by 
volume. 

Anslysis of Oxynltrati ..n S-.luti-n:: f r Ox.-: Tic. Acid 

The analytical procedure f <r deterr.1ln.lni5 rocalic 
acid in the oxynltrati >n liou T reported by Bach icroi^  jsve 
low results in this laboratory. After several .:. difie.-ti ns 
of the original procedure continued t>. %.i.vc low results, it 
was found that the presence .f unganese in the .xynitrati'»n 
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liquor catalyzed the decomposition of ox..lute ion curing 
the determination. Accordingly the following procedure ras 
adopted in which the method was calibrated against solutions 
containing known amounts of oxalic? acid nnd known varying 
amounts of manganese. 

Solutions 

(a) Oxalic Acid Solution. Nine grans of >xalic 
acid hexahydrate was dissolved in .100 ml. of distilled water 
and the exact oxalate ijn concentration w^s  detcrnlncd by 
the permanganate titration as described in part L of the 
Pr jcedure. 

(b) Nitric Acid. Four hundred uilliliters cf ?o£ 
nitric acid v,as added to 54 ml. of distilled water. 

(c) Mercuric Nitrate - Mitric iicid G:luti^n. One 
hundred grans of mercuric oxide was dissolved in änöueh 70$ 
r.itric acid to nake the totel volume 100 ml. 

(d) :ii;:ngan.us; Nitrate S».:lutUn. Baker's CP 7£# 
manganous nitrate hexahydrcte aqueous solution was used. 

(e) Sodium Acetate - Calciui.: Nitrate b-.-luti n. 
solution containinc 400 g. c:diuia acetate trihydrate und 
40 g. of calcium nitrate trihydrate per liter was prepared. 

Procedure (Calibrati >n jf Method) 

la)   Preci;.ät;iti-n :.f Calcium aflc| aiereurv Ox:.lates. 
\t+ rot Five Milliliters äf nitric acid solutTän U) wäspipi 

int;> £ small beaker. One Pillliliter >f oxalic ~ei.' s.lutin 
(a) was added followed by 0.60 al. of the mercuric nitrate 
solution (c) with stirring, the desired quantity <f  aangan us 
nitrate solution (d) was then quickly added, f.;ll:.wed 
quickly with 27  ;.il. ~.f thfc sodium acetate. - calciui:: nitrate 
solution (e). The suspensi n was allowed t- stand at r-:on 
temperature in the dark f r 35-40 minutes. The sclld mixture 
af oxalates was collected by filtration on B fine 3intercd 
Class funnel and the residual c intent's :>f the small beaker 
were washed into a 250-:.-il. Erlenmeyer fiask to bo usec fr 
the subsequent titrati n. The residue "n the filter was 
dissolved in three SO-al. portions of 2  N hycrochlarlc :.>?ii". 
The filtrate was added to the contents in the Erlc-nüu. ver 
riask, diluted with 100 ml. f distilled w^ter, and the 
sample was titrated with standard, perratnganfte ss described 
K'».il ow. 

lb)  P er na ng an r. t g T i t. r a t i n. Since it was f.-.und 
in separate experiments that suIfuric acid did v  t c-upletely 
dissolve the üixod --.x&latea ■••» the filter (see (■■ rt a, r.Nve), 
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hydrochloric acid was used instead. The following modified 
permanganate titration was therefore used. The solution 
to be titrated was warmed to 40° snd the 0.1 N permanganate 
solution was added dropwise until 3 pink end point lasting 
longer than one minute was obtained. 

The permanganate solution was standardized ü.'CJV-: • 
weighed amounts of primary standard sodium oxalate aitdolvct 
in 150-175 ml. of distilled water containing; 10 ml. of con- 
centrated hydrochloric acid. The titration was carried .:ut 
at 35-40° C. in s  dropwise fashion as described above. 
Standardizations by this procedure usually agreed with 
standardizations by the usual hot titr^ticn method within 
0.1 per cent. 

Variation -jf Results in the Presence of tian^anesc-. 
The amount of oxalate found varied considerably with the 
amount of manganese present. The ruethed outlined above was 
found to give duplicable results which varied with the 
manganese content as follows: 

iin++ c^nc. 
(nr.lar) 

(in oxynitration soln.) 

Per cent 
jxalic acid 

accounted fcr 

0.0 
0.29 
0.55 
0.70 
1.19 
1.57 

100 £ 1 
96. D + 1 
94 + 1 
89 ± 1 
70 (one determination] 
0 (no prucipitDti' n) 

It was shown that the effect of mmgsnoce was 
due t- the destruction of oxalate in the presence of manganese 
as well as to incomplete precipitation f calcium and mercury 
jxalates when manganese was [»resent. In several ox...orimc-nts 
the sample was prepared as described in a of the procedure, 
the filtrate from which the calcium our' mercury oxalatos 
hae been removed was titrated with permanganate as was the 
precipitated mixed rsxalates. Wiile the oxalate c ntent -:f 
this filtrate was appreciable (at 0.70 it manganese ? nd higher), 
the sum of its titr?ti n and the titrati n of the precipitated 
oxelates war. n-;t equivalent t- 100$ f the oxalate ,ri:,inally 
present, indicating; destructi n of the wcalate ion curing 
the determination. The sum f the determinations • r the 
"xclate in the filtrate and in tht precipitated xalates 
usually ranced between 85-95^. 

Determinetijn of Oxalic *\cid lr, used Oxynitration 
Lic,u'-r. The following procedure was used t<   determine the 
oxalic acid content during and after several runs mada in 
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Extractor No. 5A: About 15 mit of sample was removed 
and chilled to 15°, filtered, end 5 ml. of the filtrate at 
20-21° was pipetted into 25 ml. of the sodium acetate - 
calcium nitrate solution (d). The suspension was allowed 
to stand at room temperature in the dark for thirty-five 
minutes after which the precipitated oxalstes wer..; collected 
by filtration and determined as outlined above. Corrections 
for the effect of manganese were obtained from the table 
above. 

A rough check was wade on the accuracy of the 
oxaiate determination in a used oxynitration liquor. A 
liter portion of the oxynitration liquor from Run 5A-6 
was heated under reflux in the presence of manganous nitrate 
solution. The evolved gases were passed through the ab- 
sorption train described on page 19  end the neutral gases 
were collected and analyzed in the Orsat gas analysis 
apparatus. Assuming that all the carbon dioxide found was 
formed from the oxalic ?;eid present at th<:- end of the run, 
the oxalic acid concentration was 12.5 g. per liter. Since 
it is probable that compounds other than oxalic scio 
decomposed to carbon dioxide in this experiment, thl3 quantity 
is in fair agreement with the concentration of 9.3 g. ;><jr 
liter found by the precipitation method. 

Analysis of Oxynitration Solutions for Nitrous Acid40 

Solutions 

OC-Nophthylamine Acetate - Boil a suspension f 
0.5 g. of OC-naphthylanine (rocryst&lllzed from dilute 
methanol) in 100 ml. jf water for five minutes, filter 
through cotton into 250 ml. of sl-\cial acetic acid, and 
dilute to 1000 ml. 

Bulfanilic Acid - Dissolve 3.5 g. of sulfanilie 
acid (recryst-jllized fr.;m water) in 750 ml. of water by 
heating, and add 250 ml. of glacial ccctic ecid. 

Standard Sodium Nitrite, 0.0001 If - Dissolve 
3.45 g. of sodium nitrite (99.3>2) in water and dilute to 
500 ml. Dilute 2.00 ml. of this solution tc 2000 ml; 
Standardize by titratim against u  standard solution cf 
Chloramine-T. 

Procedure 

Standard ecler - Add 2.0 ml. >t  atandurd sodium 
nitrite t:. a mixture >J' 5 ml. of  Of-naphthylamine solution 
and 5 ml. ,f sulfanilic seid solution. After 10 minutes 
at 20° determine log I0/l «it 525 mu, u^in^; c spectre hot .meter 
such as the Beckman. Successive dilutions f the standard 
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sodium nitrite solution give the following concentratioas 
of solutions used for calibration: 

1 x.107° Molar 
2 *x 10-6    . " 
5 x 10~5    - " 

10 x 10"D  " 

Unknown - A 2.0 ml. sample (cipprox, 0.35 U RN0£) is 
diluted to 500 ml. with water containing 4 ml. of 6 N sodium 
hydroxide (to neutralize the strong nitric acid), and 25.0 mi. 
of this sample is diluted to 250 ml. A g.00-ml. sample of 
this solution is treated with the developing reagents as 
with the standard solution of sodium nitrite. The concen- 
tration of HNOg is determined from the calibration -;raph. 
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