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ABSTRACT

The original purpose of this paper was to investigate
the reaction kinetics of the air oxidation of para-nitro-
toluene (PNT) to para-nitrobenzoic acid (PNBA). The re-
action was to be carried out at atmospheric pressure and at
temperatures between 100 and 175° C, and in the presence of
an oxidation catalyst. However the main problem became one
of trying to find a catalyst that would work at these con-
ditions. The catalysts used were nickel acetate, cobaltous
acetate, manganous acetate and manganese naphthenate. Hydro-
gen peroxide was tried as an accelerator for the reaction.
None of these worked since no yield greater than 0.01% PNBA

was ever obtained even after rumns of up to 29 hours,

Because such low yields were obtained it is concluded
that the oxidation conditions were not vigorous enough and
that much higher pressures should be used to carry out the
liquid phase oxidation of PNT with gaseous oxygen. The
high pressure oxidation could not be tried because suitable

equipment was not available.
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MECHANTISHM OF OXIDATICON

Oxidztion, according to the modern concepts, itz the loss
of electrons by a cubstance. An oxidation of one type is
shown in the following reaction with the ferroue ion being

oxidized to the ferric ion by losing an electron.
Fe™ —» Fett -+ e

Moet atoms and free radicszle, with the exceptionc of
atomic hydrogen and metsllic ions, have deficient electron
chells and therefore may act as oxidizing ageuts by removing
electrons from other species. Molecular oxygen may become
an oxidizing agent by acting ac the diradiczl ~0-0- and

abstracting electrons from other substances. (1)

The oxidation of a hydrocarbon can give a wide variety
of products including water, carbon monocxide, carbon dioxide,
acids, alcohols, aldehydes, peroxides and olefins. For the
catalytic oxidation involving air or other substances con-
taining oxygen there has been ruggerted various mechanisms.
One mechanism suggests that an intermediate substance is
formed, which has a stronger oxidizing potential with respect
to the substance to be cxidized. In this mechanism the

catalyst adsorbs oxygen and creates a compound which is a



better oxidizing agent. It then gives off the adsorbed
oxygen to the reactant and is regenerated in its original
form, after which it is capable of adsorbing more oxygen.
In this way small cquantities of catalyst are capable of

converting large quantities of reacting substance. (2) some

examples that show~ only a small amount of catalyst is needed
are mentioned later on in the section "Selection of Air

Oxidation Catalysts.'

Catalytic oxidation using air or oxygen may be carried
out in a gaseous or liquid medium, If the mixture of oxidizing
gas and the vapor of the substance to be oxidized is passed
through a catalyst at the required temperature there is danger
of an explosion if the temperature is high enough. These gas
phase reactions are believed to proceed by a free radical
mechanism. One or more of the stepe may give rise to an in-
crease in the number of free radicale, such a: the reaction
below, where atomic hydrogen reacts with a molecule of oxygen

to give rise to two radicals, OH and O.
H + 0, —= HO + 0

If these reactions occur to a sufficient extent and
the number of free radicals increases rapidly an explosion

may occur. The explosion is caused because the reactions



occur almmost instantanecusly. (3)  oxidations in the liguid
phace are found to proceed algso by this free radicsl mecha-
nism and therefore the possibility of an explosion also

exicts.,

A reaction producing 2n increace in the total number of
free rédicals is known as a branching reaction and the over-
all process is known as a branching chain process, (%) The
following is 2 general schematic set of reactions. It may
be seen from these reactions that branching may give rise to

an explosion.
(1) A —H Chain Initiation
(2) M + B —»xN + @ N Chain Branching

(3) N 4+ A —s= Products Reaction to Give Products

4) 44— 7 Destruction at Surface of
Reaction Vessel
(5) N —= 17 Destruction in the Gars Phase

of the Reaction

Reaction (1) is the chain-initiating step which pro-
duces the initial free radicals. This may be the type where
Hy —» 2H, which produces two free radicals from one mole-

cule. Reaction (2) is the chain-branching mechanism in which



o¢ plus @ free radicals are produced from a collision of
B and M. Reaction (3) is the formation of final products
and the disappearance of some of the free radicals. In (4)
and (5) the two general methods of destroying the left-~over
free radicals are shown. Free radicals M may revert back
to molecule A by reacting on the surface of the reaction
vessel. Free radical N may react with another free radical
or a molecule in the gas phace of the reactor and form a
molecule of product. The meaning of reaction (2) is that
the total number of free radicals produced in the chain-
branching step is greater than the number destroyed, so
that no stationary state, where the number of free radicals

(5)

is constant, is possible and an explosion may occur,

A mechanism that might be proposed for the oxidation

(6) (7)

of toluene to benzoic acid is outlined below.

(1) Catalyst — RO-



HC=0 0
(5) + O2 — + HOO-

=0 0=C00*
(6) + 02 —_— "

7

HC=0 0=C00" =() 0=CO0H
(7) + i& —— ES + ES

0=COH HC=0 0=CO0R
(8) + —_— 2 é

In reaction (1) the catalyst decomposes to give a free
radical which can abstract a hydrogen atom from the methyl
group in toluene to form the benzyl free radical., This is
shown in the second reaction. The benzyl free radical then
reacts with a molecule of oxygen to form the peroxide radical.
In reaction (4) the peroxide radical decomposes to benzal-
dehyde and the -OH free radical. The benzaldehyde then re-
acts with a molecule of oxygen losing an H atom to form a
new free radical as shown in reaction (5). This benzoyl
free radical reacts with another molecule of oxygen to form
a benzoylperoxy free radical. In reaction (7) a molecule of
benzaldehyde reacts with a benzoylperoxy free radical to form
the perbenzoic acid plus the benzoyl free radical, A molecule
of perbenzoic acid then reacts with a molecule of benzalde-

hyde to form two molecules of benzoic acid.



ALTERNATE METHODS OF OXIDATION

In liquid phase oxidation it is possible to use either
gaseous oxygen or compounds having oxidizing power. Some
of the compounds having the ability to oxidize other com-

pounds are discussed below. (8)

Permanganates

Permanganic acid forms solid salts that are powerful
oxidizing agents. Potassium permanganate is one of the
commonest and most useful agents used for oxidizing orgamnic
compounds., The oxidizing strength of the potassium per-
manganate depends upon the pH of the solution in which it
is used. 1In acid solution potassium permanganate yields a
very powerful oxidizing agent useful only in the prepara-
tion of very stable compounds. The acidic oxidation may
proceed by either of the following mechanisms depending
on the compounds involved. There may be direct oxidation
by the permanganate ion or there may be the formation of
the Mn*t ion and the subsequent oxidation by hydroxyl
radicals produced by the Mn*t ion and water. (9) Pernan~-
ganate is used to oxidize both aliphatic and aromatic
sulfides to their corresponding sulfonic acids. It is also

used for the oxidation of side chains on benzene and thus



it would be good for the oxidation of PNT to PNBA.

Dichromates

Most commonly employed is dichromic acid in aqueous
sulfuric acid (sodium dichromate and sulfuric acid) or
chromic anhydride (chromium trioxide) dissolved in glacial
acetic acid. These produce an electron deficient species
which may be a positive ion or a molecule with an electron
deficient atom. Dichromic acid oxidizes by way of the
[+Cr03%]ion which may be produced in the following equil=-

ibrium. (10)

HyCry07 + 3HySO0,— 2["01'031{} + 3[3304'] + [n30+]

Chromic acid is an excellent oxidizing agent for organic

compounds .

Peroxides

The four main inorganic peroxides used as oxidizing
agents are those of lead, manganese, hydrogen and some per-
acids, Lead peroxide (Pboz) is used with acetic, sulfuric
or hydrochloric acids, One mole of lead peroxide mixed
with an acid yields one atom of oxygen and the salt of the

acid, as shown below;



Manganese dioxide is used with sulfuric acid to re-
lease one atom of oxygen per mole of MnOz. One of ite
major uses is to oxidize toluene toc benzaldehyde. The
major use of hydrogen peroxide is in the bleaching of
textiles, paper and pulp. Also most silks, woolen goods,
raycn fabrics and light cotton goods are bleached with hy-

drogen peroxide. (11)

Nitric Acid

Nitric acid can be used as an oxidizing agent but it
has the disadvantage of alsoc having the tendency to act as
a nitrating agent and some of the product may be nitro deriva-
tives., However it is very good for oxidizing substances that
are already mnitrated. Oxidation of benzene homclogues with
dilute acid to form the carboxylic acid is slow. Nitrogen
tetroxide is also a good oxidizer of hydrocarbons and substi-

(12)

tuted hydrocarbons.

Fuming Sulfuric Acid (Oleum)

Fuming sulfuric acid (H2804 + 803) mixed with mer-
cury salts is a very powerful oxidizing agent. Fuming sul-

furic acid is used to add hydroxyl groups in anthroquinone



(13)

derivatives for making different alizarin dyes,

Ozone

In addition to the oxygen in the air, ozone is another
good gaseous oxidizing agent. Ozone is used in the vapor
phase oxidation of olefins and it is also used for several

different oxidations in drug manufacture. (14)

Besides oxidation by gaseous air or ozone, or by oxygen
containing compounds there is another way to carry out an
oxidation. This is by electrolytic means, However accord-

(15) the electrolytic oxidation process to

ing to Shamy
produce p-nitrobenzoic acid from p~nitrotoluene is not
economically feasible at this time. This is because the
cost of raw materials for the electrolytic process is about
947 of the PNBA selling price, but to be economically fea=-

sible the raw material cost should not exceed 50% of the

product's selling cost,

A method for carrying out oxidations that would be
much cheaper than any of the previously mentioned methods
would be to use the oxygen from the air., However while
this method is potentially one of the cheapest it is also

one of the most difficult to control. Most of the air
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oxidations are carried out under high pressure which causes
this method to loose a lot of its economic advantage because
of the expensive high pressure equipment required. However
if the oxidation could be carried out under atmospheric
pressure then it would have both a technical and a large

economic advantage over other methods.



SELECTION OF AIR OXIDATION CATALYSTS

Catalysts function in an oxidation not only by increas-
ing the rate of a reaction at a certain temperature, but also
to reduce the temperature and energy of activation required
to carry out the reaction. The catalyst and the selected
physical conditions regulate the velocity and direction of

the oxidation and also the extent of the reaction.

To obtain even a small yield of PNBA under the conditions
to be used a catalyst is necessary. Even oxidations carried
out at high pressures of about 75 atmospheres require catalysts,
therefore under our conditions of just atmospheric pressure

an oxidation catalyst would be essential.

Temperature seems to be the most important factor influen-
cing the rate of oxidation. However the rate 1s also very
pressure dependent, proceeding faster at the higher pressures,
Also effecting the rate, besides the type of catalyst, is the
concentration of the catalyst over a wide concentration

range.(le)

The amount of catalyst would depend upon the particular

(17), for his oxygen containing

catalyst being used. Conner
gas oxidation of p-cymene varied the weight of catalyst from

0.05 to 107% by weight of aromatic compound. However his
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most desired range was from 1 to 3%. The catalysts tried by
Conner were alkali metal and alkaline earth metal oxides and

hydroxides.

Hull (18), in his oxidation of aromatic compounds (toluene
to benzoic acid, ortho-xylene to ortho~toluic acid, acetophe-
none to benzoic aecid, allyl benzene to benzoic acid) using
pressures from 1 to 10 atmospheres, varied the weight of
catalyst (cobalt acetate) from 3 to 6% by weight of aromatic

compound.

It is known that metals of the platinum group and oxides
and salts of elements that can exist in several oxidation
states, such as oxldes of tungsten, vanadium, molybdenum and
thorium are most sultable as catalysts of heterogeneous oxi-~-
dation processes. The transition elements which stand at
the minima of the atomic volume curve are the best catalysts
for oxidation reactions in their oxide form. The ions of
these transition elements can absorb electroms to complete
their outermost shell. The elements are characterized by
the ease with which electrons can be removed both from the
outermost shell of electrons and the next inner shell to
form bivalent and trivalent iomns. (19) Some of the most

useful metals for oxldation are; cobalt, cerium, manganese,
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iron, copper, uranium, nickel, lead and chromium. (20)  Sub-

stances that also can act as promoters are the salts of
barium, magnesium and potassium. Peroxides, peracids, alde~
hydes, ketones, olefins or organic substances forming per-

oxides can be used as initiators to help start the reaction‘czl)

The type of metal salts thut seem to be best for this oxi=-
dation include; stearates, benzoates, naphthenates, oleates
and acetyl acetonates. (22) Msny variations and additions
are possible with the standard oxidation catalysts mentioned

above.

One different type of catalysis was performed by M1115(23),

who for the oxidation of alkyl aromatics added elemental
sulfur. During the oxidation the sulfur reacts with the alkyl
group to produce hydrogen sulfide and an unstable dehydrogen-
ation product. This dehydrogenation product is very suscepti-
ble to oxidation and ultimately forms a carboxyl group. The

reactions are shown below.

Ha S
+ S — + HoS8
S O=COH
+ 02 —— + S
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The H9S which is produced is to a large extent converted back
to elemental sulfur by oxidation by means of the oxygen gas

in the reaction medium.
2 HoS + 0 — 28 + 2 Hs0

The amount of sulfur was varied from 0.005 to 0.1 mole sulfur
per mole of charge stock. In addition to the sulfur other
metallic catalysts could be used at the same time. Mills
used pressures that varied from 1 atmosphere to 500 psig and

temperatures that ranged from 250 to 400°F. He used 300°F

and 10 psig for the ligquid phase oxidation of m~xylene using

0.05 wt. % of cobalt naphthenate as a catalyst.

McIntyre (24), discusses the use of bromine or a bromine
containing compound as a catalyst. For organic compounds
with a benzene ring he used hydrogen bromide, ethyl bromide,
sodium bromide, manganece bromide or copper bromide to carry
out the oxidation. The best type to use was a metallic bromide,
using one of the common oxidation metals mentioned before.
This type of compound would supply both the metal and bromine
ion. However the reason why the bromine ion helped the oxi-

dation was not given.
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For the production of benzene dicarboxylic acids,
Spear (25) carried out the oxidation in the ligquid phase
with air or 0s at temperatures between 120 and 200°C and
pressures ranging from 2 to 30 atmospheres. He improved
the yield by oxidizing in the presence of a lower saturated
aliphatic alcohol. In his patent methanol was used. The
alcohol wae introduced into the reaction at the rate of 0.5
to 5% by weight of xylene to be oxidized per hour. Neither
the mechanism for this reaction nor the reason why the

methanol helped the oxidation were given.

Roebuck and Wales (26), increased the amount of alkyl
aromatic hydrocarbon oxidized by the introduction of an in-
organic adsorbent, such as alumina, an alkaline earth oxide
or fuller's earth. The adsorbent may act to remove the
poisons which normally build up and stop the reaction. The
time of the addition of the adsorbent will depend upon the
particular reaction.being carried out. With this procedure
2 good yield of toluic acid from p-xylene was obtained using
copper acetyl acetonate as a catalyst, at a relatively low

temperature of 100°C and a low pressure of 1 atmosphere.

Ohta and Tezuka (27) performed an air oxidation of PNT.

They used manganese, copper and cobalt naphthenates as
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catalysts. Yields ranging from 50 to 75% PNBA were obtained
when the reaction was carried out under pressure. However
the exact values for the temperatures and pressures used for

their runs could not be obtained.



APPARATUS

The flow diagram of the apparatus used for the air
oxidation of PNT is shown in fig. 1. Air was first com-
pressed and stored in the compressor tanks at between 30
and 50 psig. The air was then filtered through an air filter
to remove any oil, grease or dust that might have been en-
trained. The pressure of the air was then reduced to 2 psig.
This pressure head was just high enough to keep the air flow-

ing through the rest of the apparatus.

An air rotameter was placed next in the line to measure
the rate of air flow., However when the reaction was being
carried out the rotameter ball bounced up and down so much
that it was impossible to take an accurate reading, To over-
come this, a flow rate was set on the rotameter before the
reactor stirrer was started and this was then taken as the
average flow rate. Installed next in the line was a pressure
release valve. This was opened when samples were taken to
prevent the liquid PNT from backing up into the hollow shaft
of the stirrer and solidifying and thus stopping the air

flow.

The air then went into the stlrring assembly shown in









- FIGURE 3
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fig. 3. First the air went into the stirrer holder and

then down the hollow shaft of the glass stirrer. It was
then dispersed into the liquid PNT in the reaction vessel
by the high speed stirrer., The reaction vessel is shown in
fig. 4., It was a 1000-ml creased morton flask sealed with-
in a 2000 ml jacket. The inside flask had three openings
and the outside jacket one opening. The three openings for
the inside flask, which contained the PNT and the catalyst,
were; one for the stirrer through which the air also entered,
one for the outgoing air and one for the thermometer. The
stirrer was driven by a constant speed motor. The outside
jacket was filled with a liquid whose boiling point was the
operating temperature desired. The liquid was kept at its
boiling point by a heating mantle which was automatically
controlled by a Thermowatch temperature controller which
was mounted on the thermometer as shown in fig. 4. This
arrangement kept the reaction mixture at the desired temper-

ature with an accuracy of 12°C.

The air upon leaving the reaction vessel entered a hot
condenser, which was kept at about the melting point of the
PNT (53°C) so that whatever PNT was carried over by the air

flow would condense here and drip back into the reaction
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vessel without solidifying. The constant temperature bath
that supplied this condenser contained a cooling coil so
that cold water could be run through it to remove some of
the heat of the exothermic oxidation reaction, thus keeping

the temperature from going above 53°C.

After the hot condenser there was & cold water con-
denser to golidify any PNT still in the air, This connect~
ed to a condensing flask which was immersed in ice water.
The air then flowed to another condensing flask and then up
through a Dewar flask that was filled with ice water. Last
in line was a wet gas meter to measure the total volume of
air that passed through the system., Inserted in the line
between the Dewar flask and the gas meter was the sensing
element of a Beckmann Oxygen Analyzer., This could give the
percent oxygen in the air to an accuracy of %1% and thus tell
if oxidation was taking place. The exit gas was then led

through a tube out the nearest window.



EXPERIMENTAL PROCEDURE

An amount of PNT, between 650 and 750 grams, was weighed
out and put into the 1000 ml reaction vessel. PNT has a
density of 1.286 so this gave a volume when the PNT was liquid
of between 500 and 600 ml. The catalyst was then added, the
amount of catalyst used varied between 2 and 107 by weight.
These were both added through the opening that held the ther-
mometer. After the PNT and catalyst were put in, the thermom-
eter was inserted and the Thermowatch sensing head was attached
to it. The liquid in the 2000 ml jacket was added, this was
equivalent to about 800 ml. For a constant temperature of
100° C distilled water was used and for a temperature of 137-
140° C a mixture of o0, p and m-xylene was used. After turning
on the two heaters, the two cold condensers and adding the
necessary ice to the system the oxygen analyzer was turned
on and the senser inserted into the air stream, The com=~

pressor was then started.

When the PNT melted the stirrer was turned on to a slow
speed until the PNT was heated up to the desired temperature.
A sample at the initial conditions was then taken. With the
pressure release valve open and the stirrer off the desired

flow setting was made on the rotameter. The pressure release
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valve was then closed and the stirrer was turned up to "five"
on the motor controller, which gave a speed of about 5000
RPM. Vhen the stirrer was turned up to high speed the timing
of the reaction was stsrted. In early runs, before the
cxygen analyzer wss used, samples were taken every half-

hour at the start of the reaction, then every hour and then
every two hours as the reaction proceeded. With the oxygen
analyzer in the system samples were taken about every five

hcoure,

Sample Taking

Samples were taken through the joint in the reaction
vessel that was used to hold the thermometer. After re-
moving the thermometer a ssmple was taken and placed in an

accurately weighed flask (¥0.0001 gram). Duplicate samples

were taken at each time interval and these samples usually
weighed about 0.1 gram. The thermometer and Thermowatch head
were replaced and the reaction vessel which had usually fallen
in temperature a couple of degrees was allowed to heat up
again before the pressure release valve was closed and the

reaction started again.

The samples were allowed to cool and then were weighed,
again to 10.0001 gram. To the sample flask was added 25 ml

of neutral ethanol and the solution was warmed to allow the
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PNT and PNBA to dissolve. Three drops of phenolphthalein
were added and the solution was then titrated with standard
NaOH, The percent PNBA was then calculated by the method

shown in Appendix A.

Recovery of PNBA from PNT

When the run was finished the molten charge of PNT was
poured into an equal weight of cold water while the water
was being slowly stirred. Sodium hydroxide was added to this
mixture which was again stirred and warmed until the acid had
gone into solution. The liquid was then decanted from the
gsolid PNT, The PNT was washed in 10% HCl and then in water
several times. It was then air dried so that it could be
used again. To the original decanted liquid a slight excess

of 10% H7S04 was added over the amount of NaOH originally used,

The precipatate formed was the PNBA which was filtered, washed,

dried and then weighed.



DISCUSSION OF RESULTS

The total amount of oxidation of ENTI to PNBA in each
run 1s listed in Table 2B, The method of calculating the
percent oxidation 1s shown in Appendix A. Shown in Table
ib are the operating conditions for ezch run including the
type and amount oi catalyst used. The catalysts tried for
this oxidation were nickel acetate, cobaltous acetate,
wangznous acetate, 30% hydrogen peroxide and manganese naph-
thenste. The weight of catalyst varied frow 1.16 to 8,053

per cent based on the weight of the catalyst plue the FNT,

The initiasl reaction vessel tewperature war set at 100°
C, but when it was found that practically no PNBA was beling
obtained, the temperature was changed to 137-40° C by chang-

ing the heating liquid from water to xylene.

The awcunt of oxidation cof PRT to PNBA as shown in Table
2B was mever greater than 0.21% which would mean about (.06
grams of PNBA was formed during the reaction time, However
in all the attempts to recover the acid nothing was obtained.
This could mean elther of two things; the smount of acid
wag just too small to make any recovery possible or that be-
ceuse of the heating and air bubbling through it the catalyst

was being changed s0 as to give the increase in the wmilli-
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equivalents of NaOH required to titrate the samples. One
observation that would seem to favor the second belief is
that during all the reactions there was a change in the
color of the reaction mixture. For example in Run No. 4
when manganous acetate was used, at the start of the re-
action when the mixture was first melted it was a green
color, As the reaction was carried out the mixture started
to turn brown until at the end of the reaction period (26
hours) the mixture wae a very dark brown. This brown solid
could have been an oxide of manganese because several are
brown in color, such as Mn(OH); and MnO,. However the com-

pound was not checked to see if it was one of these oxides.

The oxygen analyzer was used to measure the percentage
oxygen in the air leaving the reaction vessel., The instrument
was calibrated at 21% by flowing air through the apparatus
when it was all set to rum except that the stirrer was not
running. The needle drifted slightly to either side of 21%
during the reaction but it took no big dips. The drifting
stayed within 10,.5% all during the reaction, The variation
of percent oxygen with time is shown on the graph in fig. 5,
for Run No. 5 when manganese naphthenate was used as the catalyst.

This variation could have been in the machine and not caused
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by any oxidation because it was not a steady variation but

a slight back and forth oscillatiom.

In Run No., 4 manganous acetate was used as a catalyst.
When after 15% hours it was found that negligible oxidation
had taken place, two milliliters of 30% hydrogen peroxide
were added to the reaction vessel. However this did not help
increase the amount of oxidation and & yleld of less than

0.01%Z PNBA was obtained for the entire run.

One of the major problems encountered during the experi-
mental runs was the carry over of the PNT from the reactor
into the air line, The air flowing through the reactor would
carry the PNT out of the reactor, through the hot condenser
and deposit it in the glass air line. This tube constantly
plugged up and had to be cleaned at Intervals during the rum.
This carry over prevented the use of large air flows at any
temperature., But in order to use medium air flows the
temperature of the PNT could not be raised too high so as
to keep down the vapor pressure of the PNT and limit this

carry over.



HAMMETT EQUATION

The Hammett equation is used to relate structure to
equilibrium constants and rate constants for the reactions
of meta and para substituted benzene derivatives, For a
series of aromatic compounds, all with the ssme reaction
center in the side chain but with a different substituent
located meta or para to the reaction center, the Hammett
equation says that the rate constant for any reaction in
this series can be determined from a constant specific for
the parent compound and from two parameters. The first para-
meter (o) is determined only by the nature of the substit-
uent and is independent of the reaction. It represents the
relative ability of the group to attract or repel electrons.
The second parameter (@ ) is characteristic of the reaction
series and relates the sensitivity of the series to ring

substitution. (28)

The Hammett equation may be written as follows, where

K and K, are the rate constants for the reaction of the sub-

stituted and unsubstituted compounds respectively.

log(—é—) = oe

O
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The value of ¢ is fixed at unity for the ionization of
benzolic acid and o 1is defined on the basis of this stand-
ard. If equilibrium constants are used rather than rate

constants ¢ may be obtained by the following equationm;

o = 1o (plpismmemd )

A positive o indicates a stronger electron attractor
than hydrogen and a negative o~ shows a weaker electron
attractor than hydrogen. Values of @ are obtained for a
given series by measuring the rate or equilibrium constants
for a number of compounds, all having the same reaction center
and each having a different ring substituent with a known o

value, The slope of the plot of the following equation;
log K = 0ce¢ + 1logK,

with the logarithms of the measured constants plotted against
the corresponding o values, gives the @ value for the re~
action series being studied. Positive ¢ 's mean the reaction
is aided by electron withdrawal from the benzene ring and
negative @ 's mean the reaction is made more difficult by

electron withdrawal. (29)



Honold (30), used the Hammett sigma (o~ ) values to
determine the first group that would oxidize in the partial
oxidation of monosubstituted p-xylenes. In these oxidations
Honold used for his oxidizing agents alkaline potassium per-
manganate and chromium trioxide in glacial acetic acid with
and without sulfuric acid as a catalyst, He summed up the
meta and para o values for each group on the benzene ring.
However the important effects at the ortho positions were
not taken into account in these calculations., The following
example of the partial oxidation of 2-nitro-p-xylene to 3=

nitro-p~toluic acid shows how these calculations were done,

vo, 3yo,

o for p CHy = -0,170
o for m CHj = -0.069
o for p NO, = +0.778

o for m NO2 = 4+0,710

For the different positions the o values are substituted,



-.170

s s
NO, -.069 (:] -.069 -.710(:) NO,
-.0698J- . 069 -. 7788/

CHB - 170 -.710

Summing up the sigma values for each position of the benzene

ring.
POSITION 2o
1 -0.170
2 -0.069
3 -0.,069
4 +0.540
5 +0,709
6 +0.641

From these values and his experimental work he found that it
was the position with the lowest calculated electron density
that was oxidized first. Thus position (4) was oxidized in~-
stead of position (1). However oxidation is the loss of
electrons and therefore according to the Hammett sigma values
it should have been the (1) position, which has the highest

electron density, that should have been oxidized first.

To show that these values are not good to use take the



examples of the nitration of m-nitrotoluene as shown.

CH

5 g, G, ,
HNO NO 0,N
No, TH,SO, © No, * @ No, +2 ? O NO,

N02

The nitro group enters into the 2,4 and 6 position but not

the five position. (31) Summing up the o values for the m-

nitrotoluene.
CH +.710 3
> >, +.778 g +.7786
-,170 -.170

The lowest electron density, position (6), and the highest
electron density, position (4), were nitrated but the in
between position (5) was not, Therefore it can be seen that
the summation of o values is not good to use where ortho

affects appear.

A much better way to do these calculations would be to
use the o ¥ values which take into account the resonance
interaction between the substituent group and the reaction
center. (32) The o constants were obtained for the benzoic
acids which do not take into account resonance structures

such as the following which may exist during substitution
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where there is resonance between the reaction center and
the substituent group. These are the resonance structures

when the groups are para to each other,

aiﬁla 0’\\’&'/0
-
+ +
HX HX

Because of the extra resonance the p-nitre substituent acts
as a stronger electron withdrawer group making the oxidation

of PNT much more difficult than the oxidation of a -CH3 group

where there is nc -NO; group present such as in toluene,

Ohta and Tezuka (33) made a study of the liquid phase
air oxidation of PNT under pressure in which they compared
the ease of oxidation of PNT to toluene. In their experiments
it wes found that the oxygen absorbed by the PNT when oxi-
dized at 200° C and 8 atmospheres was about the same as that
absorbed by toluene oxidized at 150°C and 3.14 atmospheres.
The ~CH3 group when in toluene was therefore oxidized easier

than wvhen in the PNT.



SUMMARY

A nitro group located in the para position relative to
a methyl group makes it very difficult to oxidize the methyl
group because of the electron withdrawing and resonance
effects set up by the nitro group., This is seen by the fact
that little para-nitrobenzoic acid was obtained, no yield
being greater than an indicated 0.01% PNBA. It is concluded
that the oxidizing conditions employed were not vigorous
enough to provide the energy of activation required for the

oxidation reaction to proceed.



RECOMMENDATIONS

The best way to get oxidation of PNT to PNBA by using
air would be to carry out the reaction under pressure and
by the batch instead of by a flow process. The pressure
could range from 25 to 75 atmospheres. These reactions at
high pressures might also be carried out at a little higher
temperature than was tried. Temperatures of 150 to 200° C
would be very good. These higher temperatures might also
be tried at atmospheric pressure if some method to prevent

the carry over of the PNT can be found.

If the reaction was still to be carried out at one atmo-
sphere some of the catalysts discussed in the beginmning that
were not used should be tried. These would include the use
of elemental sulfur at the same time one of the metal salts
wag being used. Also a metallic bromide might work at atmo-
spheric pressure, The catalyst copper acetyl acetonate
should be tried because of the fact that good yields were
obtained at a low temperature and pressure when it was used

along with an adsorbent.



APPENDIX A

CALCULATIONS

Typical calculations showing the procedure
for calculating the percent PNBA for each run are

shown,
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SAMPLE CALCULATIONS ARE SHOWN FOR RUN NO. 5

Catalyst- Manganese Naphthenate
Amount PNT- 695 gms.

Calculation of Percent Catalyst

Weight Catalyst- 60.9 gms.

Percent Catalyst = ~3§?22L%5~q_ x 100 = 8.053%

Two samples were taken at each time but only one is shown
in the calculations.

Sample Time  Sample Catalyst free NaOH NaOH

No. Hrs. gms , Sample gms. N ml,
7 0 0.9234 0.8490 0.0255 5.6
13 15 1.1052 1.0162 0.0255 11.8

The weight of the catalyst is deducted from each sample
Percent sample without catalyst = 100 - 8,053 = 91.947%
Weight catalyst free sample-

Sample (7) 0.9234 gms. x 0.91947 = 0.8490 gms.

Milliequivalents NaOH required to neutralize standard sample
(7) with no acid

Volume x Normality = 5.6 ml., x 0,0255 N = 00,1428 meq,

Milliequivalents NaOH required to neutralize standard + Acid
Sample (13)

Volume = Normality = 11.8 ml. x 0,0255 N = 0.3009 megq.
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The milliequivalents of NaOH is then divided by the sample
weight (catalyst free) to obtain milliequivalents per gm.
of sample

Sample (7 0.1428 meq. = 0,1681 meq./gnm.
aople (7) 0.8490 gms. q-/gn
Sample (13 0.3003 meq. = 0.29610 meq./gm.

ple (13) 1.0162 gms.

The meq./gm. for the standard is then subtracted from each
sample to obtain meq. acid

sample (13) [0.29610] - Ssmple (7) [0.1681] = 0.1280 meq.PNBA

To find percent PNBA

mea. PNBA 0.1612 mg}. 1 2ih .
a “"1 meq. PNBA 1000 mgm. . 100 = % PNBA

1 gm. Sample

0.1280 meq,x ~J:1612 mgm. . 1 go.
1 mec. PNBA 1000 mgm.

1 gm. Sample

% 10U = 0,00206% PNBA



APPENDIX B

SUMMARY OF RESULTS

Table 1B Operating conditions for each rum.
Table 2B Final tabulations of percent oxidation

of PNT to PNBA and the time of each run,



TABLE 1B

OPERATING CONDITIONS

Run Weight Weight 7 Weight Reaction Motor Mixing Rotameter
Number Catalyst Catalyst-gms. Catalyst PNT-gms. Temp.®C Speed Setting & Setting

1 1 5.90 1.16 503 100 5 A 2

2a 2 10.25 1.54 655 100 5 B 10

2b 2 10.25 1.54 655 137-40 5 B 10

3 2 14.83 1.963 744 137-40 5 B 5

4a 3 14.08 2.00 690 137-40 3 B 5

4b 3+4 14.08 2.00 690 137-40 5 B 5

+2 ml HzOz
5 5 60.87 8§.05 695 137-40 5 B 3

All runs - Air Inlet Pressure- 2 psig, Constant Temperature Bath Temperature-54°9C

Catalysts; 1-Nickel Acetate, 2~-Cobaltous Acetate, 3-Manganous Acetate,
4-30% Hydrogen Peroxide, 5-Manganese Naphthenate

€9
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TABLE 2B

FINAL TABULATIONS

Run Gm.Moles Volume  Volume Air Gm.Moles Reaction Percent
Number  PNT  Air-ft3 STP-Liters Air Time-Hrs. PNBA
1 3.67 6.20 163 7.28 3% <0.01
2a 4,775 43.91 1152 51.6 14% <0.01
2 4.775  42.04 1107 49 .4 14% <0.01
Total
2 4.775 85.95 2259 101.0 29 <0.01
3 5.42 4.92 129.3 5.78 3% <0.01
4a 5.03 22.96 604 26.95 15% <0.01
4b 5.03 17.17 451 20.1 10% <0.01
Total
4 5.03 40.13 1055 47.05 26 <0.01

5 5.07 15.64 411 18.85 15 <0.01



APPENDIX C

EQUIPMENT

Graph 1C Speed of the stirrer for the various

controller settings.
Graphs 2 and 3C Calibration of the two rota-

meters used,



P
1
(>
2
3
P4
Z w
r f ¥
i
>
hakil)
!
=
5
3 b
25 p \J/
— f =
m& —
= -
= 218
L FY .
” p -4 JHT
4,.0: v |’
I 3
! m : ,Iu
T N H Fourt ]
= i foad N
= 1 2y
el ; ;
! H

o

f
i

R1V

-GONTRO]

,Ll,
i ~ T
3 = o
I ~- - u”
— =
i
ot} -
m N
11—
et |
I .
'DM:: —..ﬂ\.
L
D
€ 3 at }
N INT Lo ANTYTT
wu L . h - I ¥

()

“¥'s'n N1 3OYR

‘0D ¥3ISHH B 1ILAnIAN u;rfu—




()

MADL IX U.S.A,

IMNYE&Z xeurfFeL a ESSER CO.

|
D
(=2
P §
=4
LA
|
St
H of
= N
<L
o 1
il
[y N :
i N th
1 pea)
£ ey
o)) I '
"] 1 i
ARET O
=2 - =
(&) n} \P\J W _
[¢p) N :
L7 {= :
ol M
e A
1N = -
~ % Lt F1
2 e A
[¢9) A “
o2 i el
13 ! D
G i W D |
Yo &) = 7 cal
I o 4 ea s
I
- x4
? L ”
v} oD 4l
of
£ oh i
»
y n H
-
E A farp)
D e o W m_
] D N
B N & U
o m
=1 1-U|.‘
ot
s il
1ch !
e [y i
ol
(Co) 8 .
fa T
ol
\ D B!
N L [7)
AN
/'
i
A ~ 3 N .
- a .
[ H
i !
J%) e O3
W) 4 tels




MADE IR U3 AL

& w &= KLUFFEL & ESSER CQ.

\
Y oo
\ 1%
/ t
\
r 1
\ ] ! 7
\ + =i f)
il =
i ¥
1L / <@ m
< _
C D
/ i
r par
A= 1 ity
L ;
i \ ot
=1 < \ A A
sy M N
EE . S
5 Pl
o T ot M
A C AY C i
T f u. !
- n] !
o i \ |
A J \
PERI < 4
| \ PENRLAL
-—“ﬂ.. -I_“ [ — |
Crd BEL: W * I mﬂ
.1 f ey O \ t <Nl
B !
Sup
< 1lpm Il
Ml \ o4t
B RN il
...u. A M
3 pu A\ S
s i
> tf .- P |
< G 9
£t A\ < L
ﬁU = T.. AY ﬂl_ ~
oy f o |
e \ =1
/ A
i
™ =1
s
rd U !
&
=2 y
D :
/ oy et
_ L. k
A"
| \
| Py :
¥ Y J T
rH H H
LN - ONT AV AY- | AIVIS A 4]




10.

11.
12,
13.
14.
15.

16.

49

REFERENCES

Laidler, Keith J., Chemical Kinetics, First Edition,
McGraw-Hill Book Co., Inc., New York, 1950.

Berkman, S., Morrell, J. and Egloff, G., Catalysis,
First Edition, Reinhold Publishing Corporation,
New York, 1940.

Laidler, op. cit. p. 317.

Ibid., p. 317.

Ibid., p. 317.

Ibid., pp. 336-339.

Walling, Cheves, Free Radicals in Solution, John Wiley
and Sons, Inc., New York, 1957, pp. 398-402.

Groggins, P.H., Editor~-in-Chief, Unit Processes in
Organic Synthesis, Fifth Edition, McGraw-Hill Book
Co., Inc., New York, 1958, pp. 488-503.

Ladbury, J.W. and Curtis, C.F., Kinetics and Mechanism
of Oxidation by Permanganate, Chemical Reviews, Vol.
58’ 1958, ppc 463"438&

Noller, C.R., Chemistry of Organic Compounds, Second
Edition, W.B. Saunders Company, Philadelphia, 1958,
pp. 105-108.

Groggins, op. cit. p. 492,

Ibid., p. 493.

Ibid., p. 493,

Ibid., p. 495,

Shamy, M.D., Thesis, The Electrolytic Oxidation of Para-

Nitrotoluene, Newark College of Engineering, Newark,
New Jersey, 1961,

Kirshenbaun and Hughes, These Variables Affect Oxo Re-
actions, Petroleum Refiner, Vol. 37, No. 6, June
1958, pp. 209-11,




17.
18.
19.
20,
21.
22.
23.
24,
25.
26.
27.

28.

29.
30.

31.

32'

33.

50

Conner, J.C., U.S. Patent 2,632,774, March 1953,
Hull, David, U.S, Patent 2,673,217, March 1954,
Berkman, Morrell and Egloff, op. cit., p. 546.
McIntyre, J., U.S., Patent 2,907,792, October 1959,
Groggins, op. cit., p. 510,

Roebuck and Wales, U.S. Patent 2,644,810, July 1953.
Mills, I.W., U.8, Patent 2,920,106, January 1960.
McIntyre, op. cit.

Spear, Walter, U.S. Patent 2,883,421, April 1959,
Roebuck and Wales, op. cit.

Ohta, N. and Tezuka, T., Repts. Govt. Chem. Ind. Re-

search Inst., Tokyo, 50, 249-52 (1956), Chem. Abs.
Vol. 51, No. 281 h.

Gould, E.S., Mechanism and Structure in Organic Chemistry,

First Edition, Holt, Rinehart and Winston, New York,
1959, p. 220.

Ibid., p. 221.
Honold, F.J., Thesis, A Study of the Partial Oxidation

of Monosubstituted—gf*ylenes, Newark College of
Engineering, Newark, New Jersey, 1956.

Noller, op. cit., p. 444,

Hine, Jack, Physical Organic Chemistry, Second Edition,
McGraw~Hill Book Co., Inc., New York, 1962.

Ohta and Tezuka, op. cit.



	An oxidation of para-nitrotoluene
	Recommended Citation

	Copyright Warning & Restrictions
	Personal Information Statement
	Title Page
	Approval of Thesis
	Abstract
	Acknowledgement
	Table of Contents
	Mechanism of Oxidation
	Alternate Methods of Oxidation
	Selection of Air Oxidation Catalysts
	Apparatus
	Experimental Procedure
	Discussion of Results
	Hammett Equation
	Summary
	Reccomendations
	Appendix A: Calculations
	Appendix B: Summary of Results
	Appendix C: Equipment
	References

	List of Figures
	List of Tables

