Specific Research Reports of the National Institute
of Occupational Safety and Health , JNIOSH-SRR-No.34 (2006)
UDC 544.431:544.12

4. BRRESBRCB T 28B4 4 V12 & B RIBAN Db 2ERE O R 8
REIR S T

4. The effect of chemical structure on the interaction
with metal ion in disposal process of waste chemicals

by Mieko KUMASAKT*

Abstract; Some hazardous materials show characteristic features in the reaction with transition metals; they are
unstabilized, and sometimes decompose in contact with metal ions. This character may cause severe damages
especially in waste disposal process of chemicals. Waste disposal process is less attractive rather than research
and development. They sometimes pour chemicals into a waste tank and mix with ones others disposed of
beforehand. That may lead unexpected reaction and explosion. The knowledge of the reaction between metal
ions - unstable chemicals enable to prevent such disasters as well as thoroughly implementing confirmation of
safety.

This research relates some investigation to deepen understanding of the nature of structural effect on reactivity
between unstable chemicals and metal ions by using of NH20OH and Fe(III) ion. The investigation can be divided
into two parts: steric hindrance on Fe’* by using of ligands, and steric hindrance on NH20H by using of
substitutent methyl group. In the reaction with hydroxylamine, three types of Fe(Ill) species exhibited different
behavior and suggested that steric effect can prevent precipitate. Besides, ligands completely capping Fe(III)
enable to catalytic decomposition triggered by direct interaction between metal ions and unstable chemical
molecules.

In the research on hydroxylamine and its derivatives, all the substituted chemicals exhibited lower reactivity
than hydroxylamine. As a whole, acidic condition and steric hindrance on oxygen decelerate the interaction with
metal. Based on ab initio molecular orbital calculation, interaction with iron(IIl) through the oxygen atom caused
extend the N-O bond in NH20H; the length of N-O is 1.4692 A, and 1.4899 A in the complex. The coordination
bond between Fe’* and the oxygen atom is 2.0733 A . In the optimized structure simulating interaction through
the nitrogen, however, 2.2185 A is the most stable distance between Fe3t and the nitrogen atom. The interaction
through oxygen has a more influence on bond length in hydroxylamine than through nitrogen.
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Fig. 2 Heat release behavior in the reaction of HA
and Fe(CN)e®
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Fig. 3 Heat release behavior in the reaction of HA
and Fe(EDTA)"
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Fig. 4 The structure of Fe(CN)6®" (a) and Fe(EDTA)"
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Fig. 5 Optimized structure of NHA(a) and NNHA (b)
under basic condition
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Fig. 6 Optimized structure of NHA(a) and NNHA (b)
under acidic condition
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Table1 Summary of overall heat of reaction between Fe (llI) species and hydroxylamines
gD e FOX T I VEORBIZE T2 ERIEH

Under acidic condition [J]

HAC1 NHACI OHACI NNHACI NOHACI
Fe3+ 3.39 4.53 0.26 0.28 0.20
[Fe(CN)¢]3- 2.96 0.36 2.50 1.15 0.03
Fe(EDTA)- 2.02 0.74 1.01 0.07 0.18

Under basic condition [J]

HA NHAOH OHAOH NNHAOH NIHAOH
Fes+ >238 20.6 0.71 1.70 2.45
[Fe(CN)¢l3 99.1 5.29 0.05 2.29 4.30
Fe(EDTA)- 489 165 0.22 133 3.47
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Fig. 7 Optimized structure of Fe(H20)s5(NH20H):
HA interacting through O(a) and interacting through N(b)
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