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Influence of Functional Groups on Thermal Explosion
of Nitrobenzene Derivatives*

by Yasuhiro FUJIMOTO**

Abstract : Evaluation of thermal hazard of unstable chemical substances is important in the
chemical industries because explosions or fires occasionally occur in chemical processes in which
fine-chemicals including pharmaceuticals or functional resins are produced. If the evaluation is
possible by easy calculation, it may save chemical industries money and time.

Thermal hazards of chemical substances must be evaluated from the two aspects : the first is
sensitivity, which shows how easily a chemical may decompose or ignite, and the second is severity,
which shows how much or how fast energy is liberated when a chemical decomposes. One of the
typical methods for the evaluation of thermal hazards is DSC, which gives information on the
sensitivity (or exothermic onset-temperature) and the severity (or decomposition heat) at the same
time with easy operation.

Prediction trial of thermal hazard data (DSC-data) from chemical structure by use of multivariate
statics analysis and fuzzy reasoning was not successful perfectly in the previous work. One reason
is that the mutual interaction between functional groups (for example, hydrogen bond) may decrease
or increase the activation energy of the thermal decomposition.

To obtain further understanding on thermal decomposition characteristics of unstable substances,
focus is put on the influence of functional groups of nitrobenzene derivatives on thermal explosion
indices. In this paper, the exothermic temperatures of the derivatives by DSC are compared with

(1) information from NMR and IR,

(2) decomposition process in thermal decomposition through analysis of intermediate products.

The information from NMR or IR was not so sensitive for functinal group’s positions on benzene
ring.

Decomposition process was, however, quite different in ortho-and the other derivatives for some
chemicals. For example, some ortho-nitroalkylbenzenes had lower exothermic onset-temperatures
and decomposed via special ring formation. Thus, in some cases, decomposition process could
explain the difference of exothermic onset-temperatures between ortho-and the other derivatives.
Keywords ; Nitrobenzene, DSC, NMR, IR, GC-MS, Exothermic onset-temperature, Functional
group
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Table 1 List of functional group.
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[Alkyl group]

CH,;, CH,COOH, CH,0OH

[Carbonyl group]

CHO, COCH,;, COOH, COOCH,

[Hetero-atom group]
OH, NH,, OCH,
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Table 2 Conditions of DSC mesurements?
DSCHIZEZH

[Apparatus]
Pressure DSC of heat flux type

[Heating rate]
10deg/min

[Sample weight]
1~2mg

[Sample pan]
Aluminum pin-hole pan

[Atmosphere]
Pressed upto 34kg/cm?G by argon gas

Table 4 Conditions of NMR
measurements.
NMREIE DS

[Apparatus]
Fourier transfer type NMR (270MHz)

[Temperature]
27°C

[Solvent]
CDCl,

[Internal lock]
TMS

[Measured isotopes]
'H and #*C
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Table 3 Exothermic onset-temperatures
of nitrobenzene derivatives?

HELEMORBFIREE (°C)

Functional group o- wm-  p-
Alkyl group

CH, 338 361 366
CH,COOH 243 274 275
CH,OH 343 343 310
Carbonyl group

CHO 223 262 285
COCH, 328 327 313
COOH : 305 375 379
COOCH, 377 403 399
Hetero atom group

OH 300 353 302
NH, 341 347 345
OCH, 376 376 370

Tabel 5 Conditions of IR measurements.

IRBIFE DA
[Apparatus] Fourier transfer type IR
[Temperature] 25°C
[Method] KBr Disc (for powder)

Coating (for liquid)
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Table 6 Results of NMR and IR measurements.
NMRE L TIRIZ K BBIERRE

NMR IR
Functional | ¥C-NO,| C-N N=0O
group sym- asym-

(ppm) | (em™) | (ecm™) | (cm™)
Benzene 128.3 — - -
Nitrobenzene | 147.9 852 1524 1348
0-CH, 149.2 860 1524 1348
0-CH,OH 150 860 1524 1364
0-COOCH, 148.1 860 - 1356
0-COCH; 145.6 856 1524 1348
0-CHO 147.3 860 1524 -
o-NH, 144.6 856 1524 1348
0-OH 155.1 868 1524 1364
0-OCH, 152.9 860 1532 1356
m~-CH, 148.2 884 1528 1352
m-CH,0OH 149.2 884 1524 1356
m-COOCH; | 148.2 8380 1524 1364
m-COCHj, 147.1 872 1524 1364
m-CHO 149.7 916 1524 1364
m-NH, 140.1 870 1524 1364
m-OH 147.2 876 1524 1364
m-0OCHj, 146.9 880 1524 1356
p-CHj, 145.9 860 1524 1364
p-CH,OH 148.8 860 1524 1364
p-COOCH; 150.4 860 | 1524 1364
p—-COCH, 148.3 360 1524 1364
p-CHO 149.9 860 1524 1364
p-NH, 142.1 860 1524 1364
p-OH 153.6 860 1524 1364
p-OCH, 148.2 860 1524 1364
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Fig. 1 Correlation of chemical shifts of C-NO, and
exothermic onset-temperature
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Table 7 Conditions of GC-MS measurement
GC-MSRIZE M

[Pyrolyzer]

Furnace temp. : 350°C, 450°C, 550°C, 800°C
[GC]

Carrier gas . Helium

Column : Frontier Labo PY-1
Column temp. : 70°C 220°C

Heating rate : 20deg/min

[MS]

Ion mode EI+
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meta- CH3 CHs

OH

CH;

para—derivative decomposed via same process as meta—derivative.

(a) Decomposition process of nitrotoluene.

NO2 N NO,
= | + =
CH,COOH X CH;

ortho-
__NO, NO, NO,
meta- CH;COOH CHO CH,

para—derivative decomposed via same process as meta—derivative.

(b) Decomposition process of nitrophenylacetic acid.

Fig. 3 Probable process of decomposition of alkylnitrobenzenes.
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meta— and para— derivative decomposed via same process as

ortho—derivative.

(a) Decomposition process of nitrobenzoic acid.

NO,
COCHy

CH2CH, CHO

ortho-

NO:

meta- COCH;

COCH;

para—derivative decomposed via same process as meta—derivative.

(b) Decomposition process of nitroacetophenone.

NO, NO OH
- a- Q-
CHO
ortho-
NO;,
= =
meta- CHO CHO

para—derivative decomposed via same process as meta—derivative.

{c) Decomposition of nitrobenzaldehyde.

Fig. 4 Probable process of decomposition of carbonylnitrobenzenes.
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(a) Decomposition process of nitrophenol.

NO. CN
N

L O - O
NH, N

ortho-

NO, CN
- Q-
NH.

para-

(b) Decomposition process of nitroaniline.

Fig. 5 Probable process of decomposition of nitroaniline and nitrophenol.
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