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Abstract

The risks associated with batch processing in the manufacture of chemicals and pharmaceuticals via highly exothermic reactions are of
special interest due to the possibility of runaway reactiofiitrated benzoyl chlorides are intermediates in the production of agrochemicals
and are produced via the reactionoafiitrated carboxylic acids with thionyl chloride in a solvent mixtusgho-Nitrated acyl chlorides have
exploded violently on attempted distillation on numerous occasions. An inadequate investigation of the process prior to large-scale operation is
the most likely cause. Here we present preliminary results of studies on the decomposition of 2-nitrobenzoyl chloride. This study has revealed
that the decomposition reaction is strongly condition dependent. The heating rate of the sample plays a preponderant role in the course of the
decomposition reaction. That renders the interpretation of differential scanning calorimetry (DSC) or adiabatic calorimetry measurements,
which are routinely used to assess the thermochemistry and safety of the large-scale reactions, problematic. Following this on-going study,
we report here key features of the system that have been identified.
© 2004 Elsevier B.V. All rights reserved.

Keywords:2-Nitrobenzoyl chloride; Thermal decomposition; Isothermal calorimetry; 2-Nitrobenzoic acid; Chlorination

1. Introduction o-Nitrated benzoyl chlorides are industrially important

intermediates in the production of agrochemicals. They

Runaway reactions arising from the decomposition of are manufactured from their correspondioitrated car-

thermally unstable materials are a concern in industry due toboxylic acid by a chlorinating reagent, most commonly,
the potentially devastating effects that they yield. Over the thionyl chloride in the presence of a catalyst and in a
years, as companies have competed to produce a more dimixture of solvents. Dimethyl formamide is usually the
verse range of materials using cheaper and faster processesatalyst of choice. Several incidents have been reported
the need for assessment of these risks has become increasa association with this family of reactions where aro-
ingly more important. Studies into the occurrence of thermal matic acyl halides containing the nitro group adjacent to
runaway incidents have shown the most likely cause to bethe halide function have violently exploded due to thermal
a result of an inadequate investigation of the process prior decomposition. Two incidents occurred in the attempted
to its operation on a large scale. Knowledge of the reaction distillation of 2-nitrobenzoyl chloride[2,3]. Following
chemistry and reaction thermochemistry is very important the preparation of 2-nitro-3-methylbenzoyl chloride from
if a reliable kinetic model is to be established. Other causesthe corresponding carboxylic acid and thionyl chloride,
include incorrect plant design, scale up, inadequately inves-attempts to distil the compound also led to detonation
tigated plant modifications and operator error as shown by [4]. In the preparation of 2-nitrobenzoyl cyanide from
Barton and Rogerfl]. 3-methoxy-2-nitrobenzoyl chloride an explosion resulted on

heating the mixture to 60C [5]. This finding was attributed

to the well-documented instability af-nitrated acid chlo-
mspondmg author. Tele44 113 343 2420; rides as reported by_ Bretheri¢]. Incidents describing the
fax: +44 113 343 2405. thermal decomposition of such compounds are encountered

E-mail addressm.papadaki@leeds.ac.uk (M. Papadaki). in the literature. However, the kinetics and mechanism of
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the decomposition and the nature of the decomposition nificant heat of solution of the produced gases. In a closed
products are not documented. The effect of water, moisture system, where escape of gases is not possible, the process
and air on the thermal stability of thenitrated benzoyl is exothermic, while, in an open system due to the escape
chlorides is one of the primary stages in a thermal hazard of the produced gases the process is endothermic. The sol-
assessment. The lack of information available prevents aubility of the gases obviously depends on temperature, but
selection of process operating conditions that would preventalso, as found in our previous reseafghon whether these

a thermal runaway. gases are individually or jointly equilibrated with the sol-

It is the purpose of this study to gain an understanding vents. This induces significant complication in the assess-
of the kinetics and mechanisms involved in the decompo- ment of the release of power in case of a reaction runaway.
sition of o-nitrated benzoyl chlorides. Here we present the The behaviour of this synthesis reaction has been previously
methodology that has been followed in preliminary studies reported by Bosshard et 48] and is beyond the scope of
on the decomposition of 2-nitrobenzoyl chloride. As a result this paper. However the manufacturing process and operat-
of those studies a new design that enables the power outpuing conditions should be kept in mind to enable the effects,
profile of the decomposition to be determined and the mea- if any, on the thermal stability of the product to be consid-
surement of gas production from the decomposition to be ered when studying its decomposition and evaluating poten-
measured in different environments, is now underway. tial runaway scenarios.

The kinetics and mechanism of the decomposition of

o-nitrated acid chlorides have not been studied. In many
2. Background chemistry cases, the products of thermal decompositions are unknown
and are frequently polymers varying in length and com-

The chlorination of nitrated carboxylic acids is an impor- position. If information is available regarding the decom-
tant reaCtion in the f|e|d Of agrOChemical and ﬁne Chemical position Of Organic Compounds having the same functiona|
industries. The chlorinated products are important interme- groups then the initial assumption is that their decomposi-
diates. However, they are thermally unstable and the safetyiions follow the same path. In a previous incid¢®it dur-
of the process has to be carefully studied. Here we presenting the manufacture of 4-methoxy-3-nitrobenzoy! chloride
the first results of a prOjeCt that targets their thermal Study. from 3_nitro_4_methoxybenzoic acid and th|ony| chloride,

2-Nitr0ben20y| chloride is prOduced by tbechlorination the reaction mass was held at 2@ for 4h. When the
of 2-nitrobenzoic acid using thionyl chloride (synthesis re- gas evolution had terminated a double explosion occurred.
action).N,N-Dimethylformamide is commonly the catalyst Further studies revealed that the decomposition of the acid
of choice and the reaction has been carried out in variouschloride occurred in two stages. HCI dimethylates the acid
solvents and solvent mixtures. Hydrogen chloride and sul- chloride to generate methy| chloride and the hydroxyacy|
phur dioxide are produced by the synthesis reaction. The chioride. Condensation of the hydroxyacy! chloride gener-
reaction proceeds by the following stoichiometry: ates the polynitro phenyl carboxylic ester and HCI. Further

NO, O No, © dimethylation can then occur by the HCI produced. The

second decomposition is attributed to the N@roup. A
OH + soc, —= @Am + HO + SO, schematic for the formation of the polynitroester is shown in

Scheme 1
With regard to the decomposition of 2-nitrobenzoyl chlo-
DMEF,solv . L. . . .
C,H,NO,COOH +SOCI, —==24 C H,NO,COCI + HC1+ S0, ride a number of potential intermediates, which in most cases

0 are expected to act as monomers that contribute to the for-
mation of polymers and co-polymers are showisSahemes
The thermal effects of the synthesis reaction depend on1-1Q They have been considered in the product analyses as
the conditions under which it is performed due to the sig- explained later.

o)
NO, £ NO,
DJK Cl  +HOl —>= i+ CRC
CH,O OH

0}
NO,
+ nHCI
—_—
O
n

Scheme 1. Decomposition of 3-nitro-4-methoxy benzoyl chloride during manufg&ure
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Scheme 2. Decomposition of 2-nitrobenzoyl chloride to form poly(2-nitrobenzyl-3-ke{@0§)

0 fixed to the wall of this sample holder, very close to the
\ sample, was used for the temperature measurements. The
N—o0 geometry of the reactor and the sample holder was such
— +ol- that the sample was positioned at the hottest part of the
0 furnace, which also maintained a uniform temperature. A

Eurotherm 91e temperature controller controlled the power
supply, which heated the furnace to the desired temperature.
The only means of cooling the system was via heat losses.
NO A schematic of the furnace is shown fiig. 1

5 Initially, a substantial mass of 2-nitrobenzoyl chloride (ap-
proximately 7 g) was heated slowly, over a period of several
hours, so that its temperature was increased linearly from
Scheme 3. Generation of nitrosobenzene ion, carbon dioxide andachlorineamblent to 600C in order to ,determme th,e, apparent on-
ion [11]. set temperature of exothermic decomposition and the gas
evolution. It was found that the decomposition initiates at
approximately 170C and that it is accompanied by a sub-

NO NO stantial heat and gas generation. The product of the first
decomposition, a tar looking solid, was subsequently com-
. ; ! . X
+ o — + Hol pletely mineralised at around 50Q in an open system in
n

+ CO, + CI

the presence of air. This article focuses on the first stage of
decomposition, namely the one initiating at around 120
Following the identification of the “onset” of the decompo-
sition, subsequent measurements employed a much reduced
sample quantity. The furnace containing the reactor was
3. Experimental set to a constant temperature, which was gradually lowered
from one measurement to the next in order to slow-down
The decomposition of 2-nitrobenzoyl chloride (Fluka the decomposition reaction and identify the best isothermal
73100) was studied under different conditions. Experiments conditions for its study. Similar trials were carried out with
were performed using a number of different quantities of constant sample heating using varying heating rates. A sec-
samples, in an open vessel in air and in an inert environment.ond methodology involved a simple set up of a small very
During preliminary tests, a known mass of 2-nitrobenzoyl wide flask containing a film of sample heated by a hotplate.
chloride was heated in a furnace. A 4.8 cm diameter borosil- A PTFE insulated thermocouple was held in the sample to
icate glass reactor was placed in a 5cm bore, 26 cm longmonitor continuously the sample temperature throughout the
cylindrical furnace. The sample was placed in a small diam- measurement. In every measurement the gas flow-rate was
eter cylindrical glass holder, which was coaxially sintered measured using a bubble flow-meter and also by weighing
inside the borosilicate glass reactor. A type K thermocouple the amount of silicon oil which was displaced by the gas,

Scheme 4. Formation of polynitrosobenzdm@].
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Scheme 5. Formation of nitrosobenzene in the decomposition reacts with acid chlorides to produce the correppiutitegophenylhydroxamic acid.
The presence of HCI catalyses the reactib?).

for characterisation. Further analyses were carried out to ex-

> O NO,
amine the effects of the conditions under which the decom-
o = + position proceeds on the composition of the sample residue.
+ CO+ C- Samples were taken following a rapid non-isothermal de-

composition and a slow near isothermal decomposition. In
Scheme 6. Decomposition to produce nitrobenzene ion, carbon monoxide g|| cases, the decomposition products were held at an el-
and CI evated temperature following the apparent completion of
the decomposition, for several hours. Samples of the solid

NO, NO,
o} o-
+ + Ok + HCI NGO, o /OH
N+
n OH \\\O
Scheme 7. Formation of polynitrobenzene.
a measurement which also provided the total gas evolution X
due to the decomposition. Experiments were carried out in © +  CO,+ HNO,
air and in argon to determine the effect, if any, on the gases
produced by the decomposition. Product gases were col- l
lected in silver nitrate solution to verify the production of o 0"
. NN OH
hydrogen chloride gas. © /
During the decomposition samples of the product gases + N*\ - O O
were taken and analysed by gas chromatograph with a TCD o
o HOI\‘I|+
o]
NO, o NO, O o)
+ HO —— HCI — O
cl ot
HO 'NO,

Scheme 8. Initial reaction of 2-nitrobenzoyl chloride with water (if present Scheme 9. Decomposition of the carboxylic acid formed to 2-nitro-2
in the system). hydroxybenzophenong 3].
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Scheme 10. Decomposition of 2-nitrobenzoic acid and subsequent decomposition of nitros¢p8lenol

residue were taken immediately after the decomposition ap-perimental set up for the study of this reaction is currently
peared to have finished and then following the hold period. being tested.

They were analysed by mass spectroscopy (MS) (reported

accuracy 5ppm) using fast atom bombardment (FAB) and . )

electrospray (ES) techniques. Three instruments were used® Results and discussion

FAB +ve VG Autospec (Sector Instrument), ESve Mi-
cromass LCT and ZMT Electrospray. A Carlo Erba Elemen- :
tal Analyser 1108 was used to determine the percent C, H, production

N content of the solid residues (accurat®.3%). Oxygen . .

flash combustion followed by titration with mercuric nitrate 19+ 2 Shows the temperature rise caused by three sam-
was used in the quantification of percent Cl contained in PIeS of different mass. In all cases the furnace tempera-
the sample. It was observed that the decomposition productslur® Was maintained constant at approximately XB6The
strongly depend on the heating rate and on the environmenti€mperature profile along the length and diameter of the

that the decomposition takes place. A more sophisticated ex-lurnace had previously been tested to ensure that the sam-
ple was contained in the area where furnace temperature

was uniform. The sample was placed at the hottest part
of the furnace, where the temperature was a few degrees
higher than the controller set-temperature. In all experiments
Reactor shown here, the sample was heated to’ID@at 10°C min—!
and then at 2C min~? to the finally desired constant oven
temperature.
— ﬁ;{gfiﬂ Table 1shows the results of five typical measurements
performed in the oven, including the ones presented in the
[ Furnace graph and two measurements performed in a hot plate. The
reported gas production measurements have been corrected
for gas thermal expansion. In order to reduce error, the dead
volume of the system was minimised. The sample mass used
YRy < Type K in the hot plate measurements was substantially higher than
- thermocouple the mass used in the furnace. Gas samples were collected
at regular intervals and analysed in the GC. The content of
the samples in carbon dioxide, carbon monoxide, nitrogen,
hydrogen and hydrogen chloride was measured. Production
of carbon monoxide, carbon dioxide and hydrogen chloride
was verified and measured during the reaction. The latter
Fig. 1. Schematic of furnace used in preliminary measurements. was tested by titration with silver nitrate.

4.1. Measurements of the temperature history and the gas

5cm (2inch bore)

Power
Supply

Sinter

Gas exit
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Fig. 2. Temperature profile of the decomposition when 1.2, 1 and 0.5g of sample was heated@oah@6left to decompose®) 0.5 g of sample; %)
1g of sample; [(J) 1.2g of sample.

Table 1
Summary of the results obtained when samples varying in mass were heated to different starting temperatures
Run no. Sample mass (g) Sample temperature Sample temperature Volume of gas Apparent time length Graph
at zero time {C) rise C) produced (ml) of decompositon (s)
Furnace decomposition
1 1.2010 167 112 - 3000
2 1.0200 167 33 27 2500 X
3 0.5075 168 5 3 1750 o)
4 0.5181 167 13 6 1000 -
5 0.99 165 127 50 1000 -
Hot plate decomposition
6 7.20 165 <5 113 5000
7 3.20 164 15 92 2300

Measurements were performed in air and in an inert atmo- small difference (of the order of ) in the sample heating
sphere, which was created by purging the system with argonrate—shown more clearly in the embedded graphs—results
prior to the measurement. Measurements taken using the hotin a very dissimilar path of decomposition. In both figures,
plate were manually controlled to limit the temperature rise the sample that is heated at a slightly lower rate later de-
due to the exothermic decomposition to the desired level. composes at a much faster rate producing a much more pro-
In those larger scale measurements hydrogen chloride pro-nounced peak in power and gas generation. This could be
duction became apparent at temperatures as low asC120 due to a slow, untraced decomposition, which has started
However reaction did not occur to a measurable extent un- before the temperature of 165 has been reached, having con-
less the sample temperature was set abové C6The inert sumed much of the reactant. The reactant accumulation in
atmosphere did not seem to affect the measurements, but, athe measurement with slower heating rate will thus be less
mentioned previously, the volume of air in the system was than the reactant accumulation in the sample heated more
very small, so its influence is yet to be tested. Further exper- rapidly. Although, this seems a plausible explanation there is
iments are currently underway to examine the influence of strong evidence from the mass spectra analyses that the heat-
different environments. It was found, and it becomes obvi- ing rate determines the decomposition pathways. Notably
ous fromTables 1 and 2andFigs. 3 and 4that the reaction
pathways, manifested by the rate of self-heating and the to-Table 2
tal, but also the individual, gas production, strongly depend Total volume of CQ, CO and HCI produced by the decomposition when
on the sample heating (or self-heating) rate. 7.29 sample was heated on a hotplate

Figs. 2—-4show sample results from the decompositions 7g sample  Total gas produced
carried out in the furnace using a relatively small amount of

, ) CO, co HCI Total

sample. The influence of the heating rate on the progress of

the decomposition reaction is highlightedriiys. 3 and 4t Volume () 0.013 0002 0098 0.113
Mole 58x 10 89x 10° 43x10* 50x 103

can be seen that for an otherwise identical measurement, a
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Fig. 3. Sample and furnace temperature for two measurements (runs 3 anth#lén), performed under the same conditions using 0.5g samples.

the mass spectra analyses demonstrated that the temperatummposition suggested by the elemental analyses shown in
progression of the decomposition had a marked effect on theTable 3
products of the decomposition. The resultant formulae and the resultsTables 3 and 4
show that near isothermal decomposition results in the loss
4.2. Results and nterpretation of solid residue analyses  of chlorine only yet upon rapid decomposition, both chlorine
and oxygen are lost. The reduced percentage in nitrogen and
To gain some insight regarding the reactions taking chlorine in the nearly isothermal decomposition, which is
place, a series of measurements were performed usingower than any of the potential monomers showitable 4
always the same set up and identical sample-masses busuggests that substances with zero nitrogen content (e.g. 7 or
different heating rates. Residue samples were analysedB) should be present. Substances with zero content in chlo-
immediately after the end of the gas production and 5h rine (e.g. 1, 3, 4, 6Table 4, too. Moreover, the relatively
later, having kept the sample at 188 for 5h. Table 3 high oxygen content also implies that substance 1 should be
shows the results of the elemental analyses obtained forincluded. Similarly, substances like 4 andi@ple 3 high in
two samples of the solid residue one from a near isother- carbon and low in chlorine were expected to be present in
mal decomposition and one of a rapid, far from isothermal; the residue of the fast decomposition. MS, FAB MS, and ES
decomposition. The obtained compositions are by mass.analysis carried out on the product of the decomposition near
For comparison purposes, the composition of a numberisothermal and rapid decomposition conditions provided ev-
of other molecules is shown iflable 4 Table 3 shows idence that these assumptions are correct. These analyses
the “molecular formula” of a fictitious substance with the have shown that polymers consisting of various proportions

300
ample temperature
280 175 n 5
170 1
260 1 g5 | sample
240 temperature,

Temperature [°C]
(3]
[e=]
o

180 -
160
140
120
100
0 10 20 30 40 50 60 70 80 90
Time [min]

Fig. 4. Sample and furnace temperature for two measurements (runs 2 anthblén]), performed under the same conditions using 1g samples.
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Table 3
Comparison of elemental analysis results on fast & 100°C) and slow AT < 10°C) thermal decomposition with unreacted 2-nitrobenzoyl chloride
Element (%) Fictitious formula
C H N O Cl
NO,
cocl 45.4 2.2 7.6 26 18.9 §H2gN12036Cl12
ATgec < 10°C 48.7 2.5 8.0 29.3 11.35 gGHs6N14042Cly
ATgec > 100°C 59.7 2.8 10.2 14.87 12.4 8@H4gN12015Clg

of nitrosobenzene, nitrobenzene and 2-nitrobenzyl-3-ketone= 3-6. In the sample which had experienced a greater tem-
monomers are produced in addition to polymers made up perature rise and decomposed over a shorter time period,
of the same monomer units, i.e. polynitrosobenzene, polyni- higher polymers whera = 12—-14 were identified. This can
trobenzene and poly(2-nitrobenzyl-3-ketone). The terminat- be attributed to the gradual propagation of the polymerisa-
ing groups differed between COCI, COH, Cl and H. In all tion reaction by the near isothermal decomposition. Where
of the analyses carried out, di(2-nitrobenzyl-3-ketone) with the decomposition is more rapid, the lower polymers are
a chlorine terminating group was detected.

The results of the analysis showed that the products of the
reaction varied depending on the sample self-heating rate

. L. Table 4

and the temperature_ attained on decomposmon. Wh_ere theComparison of the compositions of the initial sample with potential inter-
sample reached a higher temperature on decomposition, thgnediate monomers and products of the decomposition of 2-nirtobenzoyl
molecular masses of the compounds detected ranged fromthioride at very low and very high decomposition rates
100 to 700 g mot!. Where the decomposition took place at
near isothermal conditions, the molecular mass of the com-

No. Potential products  Element (%)

pounds detected ranged from 200 to 1000 gthoWhen ¢ H N o cl
the sample was heated moderately fast and held for a pe- NO,
riod of time at an elevated temperature, compounds rangingi @ic 56 267 933 32 0
in mass from 200 to 2000 g nTot were detected. However, 0
following well-controlled experimental conditions, very fast NO,

decomposition early products (shortly after the end of the 2
gas generation) were identical with those obtained after the

4586 255 8.92 20.38 223

R

prolonged 5h heating that followed. The maximum chain O,
length of the polymers detected in the near isothermal run, 3 58.54 406 1138 2601 O
moderately rapid and very fast decomposition were 8, 15
and 5, respectively. No

Structures were assigned to all molecular masses detected ©/ 6729 467 1308 1495 O
by the analyses and they were consistent with previously NO

reported monomers or products. However, more than one
plausible molecular structures could often be assigned to®
molecules with higher masses, thus their detailed description
is not presented here. Their exact form has to be uniquely
identified in the future using more sophisticated techniques. ©

51.06 2.84 9.92 11.35 2482

H

z
O

6222 296 1037 2370 O

H

4.3. Qualitative product identification and rationale

\,
0 o
o

4931 274 0 47.94
Analysis of the compounds produced by near isothermal coc
conditions and those produced by the decomposition whereg ©i 4827 229 0 919 4022
a temperature rise in excess of T@ was experienced cl
showed in both cases that formation of the 2-nitrobenzyl-3- NO,
ketone polymer%cheme Phad taken place. In both cases, coal 454 22 76 %6 189

then = 2 polymer were present in the sample. However, the
solid residue of the sample taking place at near isothermal
conditions had formed a series of the same polymer whiere Compositions are expressed as percent mass.

o
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likely to link together to form higher polymers. This is con- of the decomposition products. In the reported formation
firmed by the results of the mass spectra. of the hydroxamic acid12], the reaction takes place in

The reduced volume of gas produced when the sameacetonitrile. If the manufacture of the acid chloride takes
mass of sample experienced different temperature rises orplace in a solvent or solvent mixture containing acetonitrile
decomposition is probably due to the consumption of the (which is a quite common approach), the formation of the
HCI produced by the decomposition in the formation of hydroxamic acid would be more likely to occur.
poly(2-nitrobenzyl-3-ketone)Scheme P The isothermal
decomposition generated 2-nitrobenzyl-3-ketone polymers4.4. Isothermal calorimeter design for further studies
ranging in length from 2 to 6.

The length of the 2-nitrobenzyl-3-ketone blocks amongst  These results of the MS and elemental anaylysis show that
the co-polymers increased in length upon rapid decom- the progress of the decomposition is sensitive to the temper-
position. Longer chains of 2-nitrobenzyl-3-ketone poly- ature environment of the sample. This has very important
mers were detected in the co-polymers of moderately implications for the safe design of large-scale plants. Two
rapid decomposition—an increase from a maximum of systems have thus been designed to enable the decomposi
2monomers units to 8 was shown on moderately rapid tion to be studied isothermally, or following a predetermined
decomposition. temperature profile. The low-temperature systems operate

The presence of nitrobenzene amongst the co-polymersas a power compensation reaction calorimeter. It consists of
was not affected by the temperature progression of thea jacketed 25 ml reactor. High temperature oil is circulated
decomposition. Higher polymers of nitrobenzene were de- through the vessel jacket. Its inlet and outlet temperatures
tected following rapid decomposition. are measured by Pt(100), platinum resistance thermome-

The heating rate however had a remarkable effect onters. Isothermal conditions are maintained throughout the
polynitrosobenzene production. The length of the ni- decomposition by a power compensation heater and the heat
trosobenzene polymer increased from 3 under isothermalgenerated by the decomposition is recorded. A Pt(1 0 0) plat-
conditions to 15 when the sample decomposed at moderatéanum resistance thermometer records the temperature of the
rates and was held at an elevated temperature for severabample throughout the decomposition. The design allows the
hours. This was also evident in the composition of the decomposition to be carried out in different environments,
co-polymers identified: the presence of nitrosobenzene wase.g. air, oxygen, argon and the measurement of gas flow
more evident in the copolymers formed on rapid decompo- from the decomposition is recorded by a flow-meter. In the
sition. study of thermal decompositions, an appreciable sample size

The presence of polynitrobenzene and polynitrosoben-is favourable to ensure that the results are as characteristic
zene in the products shows that the decompositions shownas possible of a large-scale unit. The equipment, can operate
in Schemes 4 and fake place. Where rapid decomposi- up to 250°C and has been designed such that appreciable
tion took place, higher polymers of nitrosobenzene were quantities can be studied. It is currently tested. It allows for:
detected. Larger blocks of nitrosobenzene were detected in .
the co-polymers formed by the rapid decomposition. These ® accurate temperature control_, )
findings suggest that the formation of the nitrosobenzene in-* mea;urement of gas production; )
termediate is more pronounced at higher temperatures due loading of the_ reactor at elevated tempera.\tures,
to the strength of the nitrogen oxygen bond. These findings' use of a considerable ‘."‘.”‘O‘r'”t (.)f reactant,.
are confirmed by the results of the elemental analysis where® the study of decomposﬂmn in different environments, €.g.
the oxygen content of the sample was found to be signifi- air, oxygen, argon, ' .

. . . » determination of the power output profile of decomposi-
cantly reduced by the higher temperatures achieved on rapld' tion: and
decomposition of the sample. eval,uation of the heat of decomposition

2-Nitrobenzoic acid was detected in only one of the ex- * P '
periments where rapid decomposition took place indicating A similar reactor design, which will feature the same as
that the hydrolysis of the acid chlorid8¢heme Bcan take the above characteristics, with cooling and heating facility,
place. Products of the decomposition of 2-nitrobenzoic acid able to operate isothermally at higher temperatures {@)0
encountered by Andreozzi et dlL3] for the decomposi- s also currently underway.
tion of the carboxylic acid at temperatures above 220
(Schemes 9 and )@vere not evident in the analyses car-
ried out in this study, presumably due to the absence of 5. Conclusions
2-nitrobenzoic acid or due to the lower temperatures em-
ployed here. However these suggestions are still relevant for The thermal decomposition of 2-nitrobenzoyl chloride has
further study into the effects of water on the progress of the been investigated. The products of the decomposition, vol-
decomposition. ume of gas produced and heat of reaction were found to

The formation of the hydroxamic acid from the reaction vary depending on the sample self-heat rate, heating-rate ap-
of the acid chloride was not apparent in any of the analysis plied to bring the sample to decomposition temperature and
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the maximum temperature obtained by the sample on de-for his advice on the design of the experimental method. Fi-
composition. Polynitrosobenzene formation and its presencenally, Dr. Sebastian Perrier for his help with naming some
amongst the co-polymers were increased on rapid decompo-of the chemical compounds.
sition. Higher polymers of 2-nitrobenzyl-3-ketone were also
detected following rapid decomposition.
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