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Abstract ; In manufacturing, transporting, and storage of reactive chemicals in recent years, the
hazard evaluations have been extremely important. In the chemical industry, the most concerns
are focuced on thermal hazards such as runaway reactions and thermal decompositions, which
are mostly governed by thermodynamics and reaction kinetics of these reactive chemicals in the
system.

The purpose of this work is to establish the method of estimating the thermal hazards of
reactive chemicals by investigating the relation between the chemical structure and the decom-
position characteristics of these chemicals.

In this paper, initial decomposition temperatures and decomposition energies of the three
respective isomers of fourteen nitrobenzene derivatives were measured to clarify the isomeric
effect on the decomposition of the isomers by thermal analysis. In the course of the studies of
the decomposition mechanism for the isomers, the nitrophenylacetic acid showed a distinctive
decomposition feature, and these three isomers were investigated by such methods as the
pressure TG, evolved gas analysis with autoclave-MS, and the adiabatic calorimetry (ARC :
Accelerating Rate Calorimeter) .

The results are summarized as follows ;

(1) Except for the tendency of o-isomers to show the lowest initial decomposition temper-
atures and decomposition energies, there may be no systematic variation in the decomposition
characteristics for the respective three isomers of the substances investigated here.

(2) Nitrobenaldehyde, nitrobenzhydrazide, and nitrophenylacetic acid show two or more
distinct exothermic peaks in the DSC curves, suggesting that they decompose in multistage
reactions. ‘ 4

(3) While ortho and para isomers of nitrophenylacetic acid show three distinct exothermic
peaks, meta isomer shows a single peak in the DSC curves. But, as the gaseous species evolved
at the first stage is mostly carbon dioxide for the three isomers, :at least the intial step of the
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decompositions seems to be due to the same reaction mechanism, and the difference in DSC
curves seems to result from the different reactivity of decomposition reatcions following the

initial step.

Keywords ; Thermal decomposition, Aromatic nitro compound, Isomer, Substitution effect
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Table 1 Initial decomposition temperatures and decompositon energies by pressure DSC
IE DSC i< & B REBIHARE L HFEH

No Subst Isomer Initial Temperature | Decomposition energy
X m
ubstance of decomposition ('C) (kcal/mol)

o- 323 71
1 Nitroacetanilide m- 324 88
: p- 303 93
o- 288 82
2 Nitroacetophenone m- 283 73
p- 258 77
o- 298 67
3 Nitroaniline m- 315 34
p- 308 83
o- 328 55
4 Nitroanisole m- 343 58
p- 347 59
. o- 216 76
5 Nitrobenzaldehyde m- 243 90
- p- 255 101
o- 330 62
6 Nitrobenzamide m- 346 75
p- 349 77
o- 185 143
7 Nitrobenzhydrazide m- 199 - 103
p- 224 87
o- 263 65
8 Nitrobenzoic Acid m- 331 69
p- 338 68
o- 344 66
9 Nitrobenzoic Acid Methyl Ester m- 369 61
p- 364 72
o- 246 76
10 Nitrobenzyl Alcohol m- 287 78
p- 229 70
o- 256 143
i1 Nitrocinnamic Acid m- 268 99
p- 301 121
o- 275 30
12 Nitrophenol m- 297 68
p- 268 56
o- 218 42
13 Nitrophenylacetic Acid m- 232 86
p- 244 63
o- 317 44
14 Nitrotoluene m- 332 36
p- 332 54
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Fig.1 Comparison of initial decomposition temperatures
of isomers for the mono-substituted nitro-
henzenes.
The numbers in the figure correspond to those in
Table 1.
—ERZ O ECOREEIRREORIMEEICL B
it

150

100

50

Decomposition energy(kcal/mol)

Isomer

Fig.2 Comparison of decomposition energies of isomers
for the mono-substituted nitrobenzenes.
The numbers in the figure correspond to those in
Table 1.
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Fig.9 Pressure DSC curves of nitrobenzhydrazide
isomers.
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Fig.10 Pressure DSC curves of nitrobenzoic acid isomers.
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Fig.12 Pressure DSC curves of nitrobenzyl alcohol
isomers.
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Fig.14 Pressure DSC curves of nitrophenol isomers.
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Fig.17 Schematic diagram of autoclave-MS apparatus.
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Fig.18 Pressure TG curves of nitrophenylacetic acid
isomers,
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Fig.19 Temperature rise of the sample and the mass
spectrum of evolved gases for the decomposition
of o-nitrophenylacetic acid by autoclave-MS.
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Fig.20 Temperature rise of the sample and the mass
spectrum of evolved gases for the decomposition
of m-nitrophenylacetic acid by autoclave-MS.’
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Fig.22 Self-heat rate and pressure for the decomposition
of nitrophenylacetic acid isomers by ARC.
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0=y m-R U p-BEEICDOWTE LSS, 27 RV 29 %T
Hol, TNIE, CO, BSNDERMEDE IHEERY)
TERBIZBOWTHEHELE VLS DDOED, o-EMEHED
BAKERLZ I EERL, ME TGHIEIZBWT o-
BEUEOBEERAVREPIREORED oI L ERIGLT
WwWa,

4. # B

4 EEO—Bf= f uNv ¥y BSR4V
N, AY, ST EBEBEEIZOWTHIE DSC iz & v #lIE
TEEEDHIT, ZORDTHMNREASIEEE 2R
Je= b a7 2 S VEEBOE BB O WTIIE TG, il
FESMBIF—MS 12 & BFEN A5, RUBEBEIE I £
D BMEEIEOREE 21T o 72,

FOFERBILUTOEY TH 3,

(1) —@B#fa= o ¥y ONMEERRER DR
BORMEE X sEMCiZ, A BEESIE
SR D Tz DD BEEREL DIEWER & 235605
ZnbDD, TRTOMLEYCHBEL: 3IBOE
HAERMOERIIZRED s kv, Zhi, SFEEE



G E DALEEE & BREENBIR (5 18)

DEGSEFES = Y v LD EREOIER
BDOHTRL, = buELAOBRE L DHF
AzwLRBASFHETOESE, fiFDERESED
SEEODBERI L > THEINL O THB LE
Zohb,

(2) HELI: UBEO—BH=Pu~r¥rDr>5%

(DD, BMORMYE 2 %RTH, = ho
RYAXFZVFTER, =2 haxRVYIAERSYR, &
S bo 7o VERRRIE, EfEicth sy —
DEZR > 1BROBSIEE—7 2R, Thon
LEVTIE, BAEPEROBRE 2R TEZ->T
WA ZENEEIENT:,
= bu 7 o VERRIZ, o- R U p-BtEEss 2 B
BOBSIEE — 7 2RI ORI, m-EHETI
1BEOADY —27 28D, LhrLins, B85
FREERR A A DM S iF, WTNORBEEIZB L
T HRSEOVIENCRERET 2 DITRERS S CO, T
HY, BERCLZ2BHMMEE—27 D85 — DI
Eix, BT 30BRIEORISEOHEEICL>T
EUlkdborEZz5Nn3,
(FBf162 42 A 4 HRAD)
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