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ABSTRACT

In this scientific research, MnO, nanoparticles (NPs) have been successfully prepared by a precipitation method
using KMnO,, MnSO,.H,0 and H,O, (30%) as the precursors. As-prepared sample was identified by X-ray
diffraction (XRD), Scanning electron microscopy (SEM), Transmission electron microscopy (TEM) and Infrared
(IR) techniques. The transmission electron microscopy (TEM) showed 7-8 nm ranges size of as prepared MnO,
nanoparticles. The decontamination reaction of triethyl phosphate (TEP) as a chemical warfare nerve agent
simulant (CWNAS) was carried out on the surface of MnO, NPs as the sorbent catalyst with the different weight
ratios of TEP/MnO, (1:8, 1:16 and 1:32) and studied by using phosphorous-31 nuclear magnetic resonance
spectroscopy (*'PNMR) technique. The 3'PNMR analysis results proved that more than 95% of TEP was adsorbed
on this catalyst in decane solvent with ratio of 1:32 after the elapse of the reaction time (8 h) at room temperature
(25£1°C). On the other hand, decontaminated agent simulant amounts for the ratios of 1:16 and 1:8 were lower
under similar conditions, respectively. This sorbent catalyst provides enough surface area and enhanced chemical
reactivity for instantaneous adsorption and decontamination of TEP.

Keyword: MnO, Nanoparticles (NPs); Precipitation; Catalyst, Decontamination; Nerve agent simulant; Triethyl
phosphate (TEP); Adsorption.

1. INTRODUCTION

Chemical weapons are considered as weapons of mass tions and devices specifically designed to cause death
destruction (WMD). Under the Chemical Weapons or other harm through the release of toxic chemicals
Convention, chemical weapons are defined as muni- or precursors for toxic chemicals as a result of the em-
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ployment of such weapons [1]. A toxic chemical is
defined as any chemical which through its chemical
action on life processes can cause death, temporary
incapacitation or permanent harm to humans or ani-
mals. A precursor for a toxic chemical is defined as
any chemical reactant which takes part at any stage in
the production of a toxic chemical. This includes any
key component of a binary or multicomponent chemi-
cal system [2, 3]. Such toxic chemicals are often called
chemical warfare agents (CWA). Chemical warfare
agents are often categorized in accordance with their
physiological mode of operation: nerve, blister, chok-
ing, blood, and incapacitating agents.

Nerve agents are a subfamily of organophosphorus
compounds developed for chemical warfare. Most
of the nerve agents were originally synthesized in a
search for insecticides, but because of their toxicity,
they were evaluated for military use [3]. These agents,
are often called “anticholinesterases”, because they
phosphoryle the enzyme acetylcholinesterase (AChE),
which plays a significant role in the nervous system.
Before going into the details of how nerve agents in-
hibit this enzyme, it is important to understand the
role of this enzyme in the nervous system, which is
explained below [4-6]. The triethyl phosphate (TEP)
is frequently used as a simulant molecule for under-
standing the activity of the organophosphorus nerve
agents (G-agents), since it is nontoxic and exhibits
structural similarities to the nerve agents (Scheme 1).
Moreover, TEP exhibits many of the group frequen-
cies associated with the actual agents in infrared spec-
troscopy, making it ideal for evaluating infrared meth-
ods of nerve agent detection [7].

Although it is not classified as toxic, it is harmful
if inhaled, swallowed, or absorbed through the skin.
The different materials such as bleach, hydrogen per-
oxide, DS2, etc., were applied for the decontamination
of these compounds [7]. Certain disadvantages exist
with the use of these adsorbents such as environmen-
tal contaminates. For this purpose, the solid adsor-
bents were utilized.

Among them, Metal oxides reveal superior ability
to adsorb chemical warfare agent (CWA) compared to
pure metal surfaces. This is often attributed to reac-
tive sites on the surface of metal oxide through which
organophosphonate species (nerve agents) can ad-
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Scheme 1: Molecular structure of triethyl phosphate (TEP).

sorb and subsequently undergo a hydrolysis reaction.
A wide variety of metal oxide systems have been
studied, from clean, crystalline surfaces to high sur-
face area nanomaterials. Metal oxides, well known for
their industrial use as adsorbents, catalysts and cata-
lyst supports, have several potential decontamination
applications such as environment friendly hasty de-
contamination on the battlefield, protective filtration
systems for vehicles, aircraft, and buildings, and the
demilitarization of CWA munitions and stockpiles. In
contrast to their conventional counterparts, nanoscale
metal oxides possess significantly different properties
and have been established as the potential adsorbent
materials for decontamination of CWA. Metal oxides,
such as MgO [8, 9], CaO [10, 11], AL O, [12-16], TiO,
[17-26], ZnO [27-29], etc., are currently under con-
sideration as destructive adsorbents for decontamina-
tion of CWA. In this research, for the first time, the
decontamination TEP was investigated on the MnO,
nanoparticles (NPs) at room temperature.

2. EXPERIMENTAL

2.1. Materials

KMnO,, MnSO,.H,O, H,0, (30%), phosphoric acid,
decane and CDCI, were purchased from Merck Co.
(Germany). Triethyl phosphate (TEP) form Sigma-—
Aldrich Co. (USA) was used as received. Distilled
water was also used as the solvent in the experiment.

2.2. Characterization process and of instruments

The X-ray diffraction (XRD) analysis was carried
out on a Philips X-ray diffractometer using CuKa ra-
diation (40 kV, 30 mA and A= 0.15418 nm). Sample
were scanned at 2°/min in the range of 2theta (20) =
1070°. The morphology of the sample was recorded
using Scanning Electron Microscope Spectroscopy
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(SEM, LEO-1530VP). Transmission electron micro-
scope (TEM) image were taken on a FEI Tecnai G2
20 S-TWIN. The IR spectrum was scanned using a
Perkin-Elmer FTIR (Model 2000) in the wavelength
range of 450 to 4000 cm™ with KBr pellets method.
In order to investigate the reaction of the nerve agent
simulant with the catalyst, phosphorous-31 nuclear
magnetic resonance spectroscopy (*'PNMR, Bruker
250 MHz) and centrifuge (Universal, CAT. NO. 1004)
instruments were used.

2.3. Preparation of MnO, nanoparticles (NPs)

For this purpose, 3.2 g of KMnO, and 1.75g of
MnSO,.H,0 were mixed and dissolved at room tem-
perature in 75 mL of H,O, solution (1:1 molar ratios
of H,O, to distilled water) via magnetic stirring to
form a homogeneous solution. When the mixed solu-
tion changed to a dark brown gel-like solution, it was
immediately transferred to the autoclave, sealed and
heated at 180°C for 3 h. After the reaction was com-
plete, the reactor was taken out and naturally cooled
to room temperature. The resulting brown-black pre-
cipitates were filtered off, washed with distilled water
several times to remove excess ions, and finally dried
at 120°C in air overnight.

2.4. Decontamination reaction procedure of the
nerve agent simulant on the MnO, NPs catalyst
Sample preparation meets four steps: (1) 0.03 M
phosphoric acid (H,PO,) as the blank solution was
prepared through dilution of 0.05 mL of H,PO, with
25 mL of deionized water. This blank solution was in-
jected to a capillary column whose tips were closed
by heat (S1). (2) Nerve agent simulant solutions were
prepared through addition of 10 puL of TEP to 10 mL
of decane as solvent (S2). (3) S2 solutions were mixed
separately with 0.12, 0.24 and 0.48 g of MnO, NPs in
three 50 mL Erlenmeyer flasks and stirred vigorously
for 8 h at room temperature (S3). (4) 1 mL of each one
of S3 mixtures was placed in centrifuge tubes and cen-
trifuged at 500 rpm for 4 min. Afterward, 0.3 mL of
the above samples and 0.1 mL of CDCI, were added to
NMR tubes along with the capillary column (S1 solu-
tion sample) as the blank solution. Finally, the pres-
ence of TEP in the sample was revealed by *’PNMR
analysis.
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Figure 1: XRD patterns of synthesized MnO, NPs.

3. RESULTS AND DISCUSSION

3.1. XRD study

The structure of the MnO, catalyst has been assayed
by X-ray diffraction patterns is shown in Figure 1. The
crystalline size was determined from full width at half
maximum (FWHM) parameter with the most intense
peak obtained in XRD patterns. The average particle
size of MnO, nanoparticles was calculated from line
broadening of the peak at 20 = 10-70° using Debye-
Scherrer formula:

d= 0.94\
Bcos®

(1

Where d is the crystalline size, A is the wavelength of
X-ray Cu Ka source (= 1.54056 A), B is the full width
at half maximum (FWHM) of the most predominant
peak at 100% intensity and 0 is Bragg diffraction angle
at which the peak is recorded. No characteristic peaks
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corresponded to the impurity were found, confirming
that high-purity products be obtained. In two of the
XRD patterns, seven peaks were revealed at approxi-
mately 20 =11.6, 18.4, 23.6,37.3,44.2,51.5,55.3 and
62.3, which correspond to the Bragg's reflection plane
(110),(200),(310),(131),(300),(411),(160)
and (5 2 1) for MnO, nanoparticles, respectively. Us-
ing this formula, the smaller average particle sizes by
Debye-Scherrer formula were estimated to be 7.3 nm
for MnO, nanoparticles.

3.2. SEM and TEM studies

The SEM micrograph of manganese dioxide (MnO,)
nanaoparticles for the investigation of the morphol-
ogy and structure is shown in Figure 2. The results
have emphasized that this catalyst have nano-sized
particles. Also, Figure 3 shows the TEM image of as
prepared nanoparticles. The size of particle observed
in TEM image is in the range of 7-8 nm which is in
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Figure 4: IR spectrum of synthesized MnO, NPs.

good agreement with calculated by Scherrer formula
using XRD.

3.3. IR study

The IR spectrum of the nanoparticles is shown in
Figure 4. The peaks at 560 and 670 cm™ are cor-
responded to the Mn-O bonds. Also, the peak at
3450 cm™ is related to the adsorbed water on the sur-
face of synthesized MnO, nanoparticles.

3.4. ’PNMR analysis

The decontamination reaction of TEP was accom-
plished at room temperature (25+1°C) and decane sol-
vent using *'P nuclear magnetic resonance (*'PNMR)
as a rapid and suitable analytical technique. The quan-
titative works of 'PNMR spectroscopy were per-
formed in the presence of phosphoric acid (H,PO,) as a
suitable inorganic internal standard for the determina-
tion of reaction efficiency. To investigate the amount
percent of agent simulant neutralized, the under peak
integral two sample of TEP and H,PO, for the differ-
ent weight ratios of 1:8, 1:16 and 1:32 were given.
Then, the ratio of agent simulant integral to H,PO,
(agent simulant integral/H,PO, integral) was deter-
mined. *’PNMR spectra and data results are shown in
Figure 5 and Table 1. It can be seen from the spectra,
two signals were revealed. A narrow peak at around
approximately 6= 32 ppm corresponded to the chemi-
cal shift of TEP and the characteristic sharp peak at
around 6= 0 (zero) ppm also related to the phosphoric
acid (H,PO,) as the blank solution.

The obtained results denoted that with increasing the
reaction ratio of TEP/MnO, NPs, the higher amount of
TEP was neutralized while in the time after 8 h, more
than 95% this agent simulant was adsorbed for the ra-
tio of 1:32. On the other hand, the ratios of 1:16 and
1:8 have the lower results under similar conditions,
respectively.

3.5. Mechanism of the decontamination procedure

After the investigation of the reaction between TEP
and MnO, nanoparticles sorbent catalyst, a mecha-
nism scheme reflecting the decontamination process
is proposed upon which a route along with the roles of
manganese dioxide-diethyl phosphate (MnO,-DEP)
and manganese dioxide-ethyl phosphate (MnO,-EP)
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Figure 5: 3'PNMR spectra for the adsorption of TEP on the MnO, nanoparticles in decane solvent.

as intermediates, the subsequent cleavage of the P-O
bonds in TEP and the formation diethyl phosphonic
and ethyl phosphonic as the products, are predicted
(Schemes 2). TEP molecule contains bivalent oxygen
atom which possesses two lone pairs of electrons. In
this route, TEP molecule reacts with Lewis acid sites

(Mn*") and Bronsted acid sites (hydroxyl groups (Mn-
OH)) presented on the surface of the catalyst through
two phosphoryl oxygen and two manganese atoms to
form surface bound Mn-O-P-O-Mn and P-(O-Mn),
species. In these interactions, methoxy groups to be
removed. On the other hand, these products were not

Table 1: *’PNMR spectra results for TEP/MnO, nanoparticles samples in decane solvent.

TEP | phosphoric acid TEP II.ltg/ . TEP . decontaminated _
ntg blank Intg phosphoric acid | Concentration % TEP % Ratio | Sample
blank Intg M)
2.5363 1.0000 2.5363 0.0300 00.00 1:0 a
1.8222 1.0000 1.8222 0.0215 28.15 1:8 b
0.6063 1.0000 0.6063 0.0071 76.09 1:16 c
0.1154 1.0000 0.1154 0.0013 95.44 1:32 d
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Scheme 2: Adsorption pathway for TEP on the MnO, in-
volving Mn* Lewis acid sites and Bronsted (hydroxyl groups
(Mn-OH)) sites.

observed from the *'PNMR spectra because adsorbed
on the surface of MnO, nanoparticles.

4. CONCLUSIONS

In summary, first, MnO, nanoparticles were synthe-
sized by precipitation method and characterized.
Then, the synthesized nanoparticles were employed as
catalyst for the decontamination against TEP as toxic
organophosphorous nerve agent simulants. On the ba-
sis of the above investigations, MnO, NPs have a high
catalytic potential for the adsorption of this agent sim-
ulant and a high potential for instantaneous adsorption
and decontamination of chemical warfare nerve agent
simulant.
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