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. -Report of Inventions

A patent disclosure on carbon coated MgO nanoparticles has been submitted.




. Scientific Progress & Acc'ovmpllshme.nts

Specific Aims:  The goals of this project were to study the destructive adsorption of =
chemical warfare surrogates and real warfare agents on nanoparticle metal oxides, in order to
gain a better understanding of the processes involved (mechanisms), and to determine the
products formed. The development of better nanomaterials for these destructive adsorption
processes was also an 1mportant aspect of the project.

Below, in bullet point form, are shown some of the accomplishments, which have been
reported in published and submitted manuscripts.

Completion of work on the reaction of solid nanoparticle MgO (AP-MgO slurried in
pentane with the mimic, paraoxon). By use of solid state NMR it was found that rapid
P-OC¢HiNO; cleavage occurred. After pentane removal, reaction continued in the solid

phase and over about one day both P-OEt bonds were also broken to yield a PO, type

moiety as residue.
(Rajagopalan, S.; Koper, O Decker, S.; Klabunde, KJ Chemlstry A European J; 8,
2602-2607, 2002. ) _

- A series of sorbents were compared and a reactivity (capacity) order with
(EtO),P(O)CH,SC¢Hs (DEMTMP) was AP-MgO > CP-MgO > AM (ambersorb) > AC-

NO (norite) > AC-CO (activated carbon-coconut shell) > AC-DA (activated carbon-
Darco) > CM-MgO (commerc1al MgO).

A series of mimics were studied with AP—MgO including paraoxon, DFP, and DEPTMP.
Over time, all P-F and P-O bonds .were cleaved on the surface of the MgO, but not P-C .

- bonds.

Two methods for preparing partially carbon coated nanocrystalline MgO (and other
oxides) were devised. The carbon coating tended to give the MgO better abtlity to
operate in moist atmospheres without loss of activity.

(Bedilo, A.F.; Sigel, M.J.;. Koper, O.B.; Melgunov, M.S.; Klabunde, K.J; J Materials
Chemistry, 12 3599-3604, 2002. Also, a patent appllcanon 1s pending.)

A detailed study of solvent effects on the reaction of 2-CEES with AP—MgO ‘was
completed. The least polar solvent pentane was best, and THF and CH3;OH gave slow
reactlons In the case of CH;OH (methoxyethyl)ethyl sulfide was formed.

Small amounts of water aldcd the reaction of 2-CEES w1th AP-MOO in pentane.
Conclusions were that surface —OH groups caused dehydrohalooenatlon to yield

. CH;CHZSCH CH,, and substitution of Cl by surface o* only occurred when surface_ :

O* and surface -OH groups could work together simultaneously.
(Narske, RM.; Klabunde K.J,; Fultz, S.; Langmuir, 18, 4819 4825, 2002.)




_The first study of the biocidal properties of the AP-MgO-Cl, adduct (AP-MgO'ads-cl)rbs o
chlorine gas to yield a light yellow, active powder) toward anthrax mimics were reported.

- (Koper, O.B.; Klabunde, J.S.; Marchin, G.L.; Klabunde K.J.; Stoimenov, P.; Bohra, L.;

Current Mlcroblology, 44, 49 55, 007)

- Surfactants mteractmc with nanocrystalline MgO were studied, with the aim of breaking
- up aggregates of the MgO and bringing them into solution as colloids. The idea was to
- “solubilize” the MgO, but while retaining its surface reactivity. Some success was
- achieved, and the cation surfactant AOT behaved best.

(Jeevanandam, P.; Langmuir, 2002, submitted.) Work in progress on this topic, by _
Jeevanandam, P. is shown in an attached report.

A vaporization method has been developed so that nanoparticles of many ionic solids
(not just metal oxides) can be prepared on reasonable large scale, such as LiF, MgCl,,
MgF,, NaF etc. '




Report of _:W()fk done by Jeevanandam Pethaiyan:

 INTRODUCTION:

| ,The‘ present project in\}olizes the study of the effec_ts of adsorbed surfébtént on tﬁe .
redispersi'onv behavior éﬁd tﬁe .rea'c‘:tivvit.y of ﬁanoérystaliine magneéium oxide. Aerosil OT
: (AQT) aﬁd didodecyl dimethy} ammorﬁum brmnide (DDAB) were chosen as eﬁarﬂples of
- anionic surfaétant and cationic smfactaﬁt, respectively. The redispersion stqdieé were -
rnainly carried oﬁt in non-équeous solvents. The effect of surfactant adsorption on AP-
~ MgO in ‘breéking up the nanocrystalline aggregates was studied by dynamic light
scattering (DLS) varlld visible spectroscopy. The reactivity of surfactant coated AP-MgO
cbrnpéred t(V)‘bareb AP-MgQ was illustréted bvybthe destructive adsorption vréaction‘s‘ of
' pa:ao_xon (dietﬁyl 4-nit_rophényi phoéphéte) and 2-CEES ((2-chloro¢thy1) ethyl s’ulﬁde).

These test reactions are widely used to study the reactivity of metal oxide nanoparticles.

'AvP-MgO hahocrystais' iSolated in poWdef form -exist> as porous aggregétés of 12
 microns in size. The challenge is to break these- éggregates down to sméllc_er moieties
without substantially hindering the useful reactive surface pfopertics towards écid gases,
toxins, eté. A_lso,‘ in order to expioré_: the éhgmistxy of AP-MgO ﬁanoparﬁcles in colloidal
.soluti'on, it is necéssaryvto find a Qay to bﬁng the MgO particle ‘up into a liquid knlledium
and w1th reasbnable‘ collbidal_'stability. Thus, iﬁcreasing the s.tail‘)ilitvy,‘ dispersability and
bréaking up of the aggregates of nanocrystalline AP-MgO 'While niaintaining surface

 reactivity properties is the main purpose of this work. )




' EXPERIMENTAL:

AAP-MgO was preparedﬁ by tﬁe eefogel.. procedure.,‘ For the prepa'ration' of surfactant
adsorbed AP-MgO neneparticles,,typieally, 'aboﬁt- 0.25 g of 'AP-MgO. pewder (specific .
surface area. = 450m2/g) wae suspended m 20 ml of surfactent se_lutivol'ls‘ of knoWn |
concentrations, prepared usihg respecti?e solvents (pentane for AOT and toluene, for
DDAB adsorptien) for about 20 h. The concentration of surfactent solutiens and the |
SOI\}ents were chosen from our earlier work on surfactant adsorption on AP-MgO, sob that
a maximuin amount of surfactant would be adsorbed (P. Jeevém_éndam and K. I
Klabunde, Langmuir, 18, 5309, 2002). AP-MgO adsorbs more AOT compared to DDAB
under these conditions. After the edsorption, the AP-MgO samples were repeatedly '
washed with the respective solvent (penfane or tdluerie) in order to rerﬁove the e){cess
surfactants, and dried in a drying eabinef At 100°C for about an hour The surfactant
ceeted AP-MgQ samples ‘will hereafter be referred as AP-MgO-AOT and AP-MgOf»
DDAB. For the redispersidﬁ studies, about 100mg of the sulfaetent coated AP-MgO

sample was suspended in 15ml of the solvent of interest and sonicated in an ultrasonic |

bath for 15 mins. The size of the aggregates in the dispersions was determined by two

techniques, namely, dynamic light scattering (DLS) and visible spectroscopy.

| - Dynamic light scatteﬁng (DLS) involves' measuring the aufocoﬁelation funcﬁon, FC(tv), '

of the intensity of the seattered lighf. Fifting the eorrelation functlon with .exponential
' yieldé a coefeletion.time, wh1ch is related to the size (radiue) of the eégregate by St‘o_l;es-"
- Einstein relation. Visible s_pecfr’oscopy’ offers an attra'ctive, altefnative for the

characterization of particle _sﬁspensions because of its sirriplicity. In the wavelength range '




~ 450nm to 750nr‘n, the decrease in the hght intenSitst ofa suspensien is uenally affected t)y |
the scaﬁeﬁng of particles provided ‘tl'le .particle's' do not absorb in thts region. The
ernpirical expression7 A=KA™", holde in thie regime. A is the _absotbance, K, a factor
tnat includes particle volume and refractive index of the particle and solution, and  is an
exponent. If the particle size is smaller than AM10 (Raleigh scattering region), thenn=4.
As the particie size increases, the value of decre}ases’and ina qualitattve sense, ‘n’ is
thus dependent on the average particle size and can be used to. trace the aggregation of
particles. The value of ‘n’ can be obtained simplyb'b_y measuring the absorbance (A) as

a function of wavelength (1) and by plotting leg A versus log A.

To determine how much weight percentagedf nanoparticles remains dispersed in the |
solvent after redispersion (redispers_ien weight percentage), a g.ravimetric. methodIWas ,
adopted. Typically, about IOOnig of surfactant coated AP-MgO nanoparticles wasv
_ suspended in about 15ml of the solvent of interest, sonicated for 15 mms, and aIlowed to
settle by grgvitational sedimentation for various known time intervals. After the elapsed
time interyal, the snpernatant liquid above the sedimentation botmdary between the liduid
and the solid was eyﬁnged out. The 'rernaintng solid residue was dried at 100°C and
weighed to constnnt weight. From the difference in the weigﬁts .beforel and after the

sedimentation experiment, the redispersion weight percentage was calculated.

For the paraoxdn adsorption studies, about 100 mg of the surfactant adsorbed AP-MgO -
sample was placed in a 250 ml round-bottom fla_ék equipped with a magnetic stirrer.

~ Pentane (100ml) and paraoxon (4pl) were added subsequently. The reaction was '




- monitored by UV-Vis spectfomefry by the disappearaoce .o‘f a Band at '270nm The data |
- were collected after 2,5,15 and 20 mmutes and then every 20 minutes upto 3 h
| Addmonal expenments with larger aod larger amounts of paraoxon were carried out to
find out the capacity _of the adsorbent. For the 2-CEES adsorption studies, to 150 mg of
the surfactant adsorbed MgO sample, degassed at 150°C under vacuum for 30 min, 10ml
of pentane was added. To‘ this about 15 pl (0.129mmol) of 2-CEES and about 15pul decane
.(i‘ntemal standard) were added. .The progress of the destructive adsorption of 2-CEES
: was followed using gas chromatography. |
RESULTS:
It is important to know whether the‘a‘dsorbed surfactant would still be on the surface of
AP-MgO after the redispersion of the surfactant 'co.ated nanoparticles in various solvents.
| The IR spectra of AP-MgO—AOT sample suspended in various solvents for about 3 h,
.’"washed and dried, showed that the IR vibrational bands due to AOT molecules are still
intact. This 1nd1cates that the AOT molecules_do not desorb into the solvents in which the
surfactant-coated nanoparticles have beenAredispersed. The size of the aggregates in
solution after redispersing the -surfactant coated AP-MgO powder in varioos solvents as

measured by DLS is given m Table 1.

‘Table 1: Size of the aggregates in solution from light scattering (DLS) |

Sample . Sol\l}ent used for redispersion Size (r) (nm)
PucAPMzo | Ehal 397 ‘
AP-MgO-AOT .‘ : ‘ ,Ethanol . ,. B . 464 |

"AP-MgO-DDAB » T Ethanol | aE 324




| ..Pure APQMgO | .Water- a ) ' : ,197.9>
»:A}P-MgQ-A_O'vlv‘_ T Ve | &%
.vAP-MgO;DbAB ; | - Water . | | | 184
Pure:Al?-MgO — TTHF 567
AP-MgO-AOT THF B RV
APMgoDDAE [ T | 1o

It can be notlcecl that the Surt'actant coatlng reduces the size of the aggregates ln some
solvents. The presence of surfactant molecules on AP-MgO surface prevents
agglomeration among AP-MgO‘ nanoparticles and leads to the formation of smallvcl.u.sters
~ of nanoparticles. For exarnple;"in tetrahydrOﬁlran, the smallest radii of aggregates were

observed (144 nm for AP-MgO-AOT and 108 nm for AP~MgO-DDAB). In water,

however, the largest aggregate size was observed for AOT coated AP-MgO
-nanoparticles. This is probablsf because AP-MgO nanoparticles slowly convert to AP-

v Mg(OH)z and also the surfactant molecules partltlon at the aqueous interface. In contrast
‘the AP-MgO-DDAB sample ylelds a much smaller aggregate size (184nm) in water The
aggregation behavior of the redlspersed_ surfactant coated AP-MgO nanoparticles i in
different solvents has als'o' been invésti gated by transmission spectroscopy The -
wavelength exponent “n” for the surfactant coated AP-MgO nanopart1cles as measured

from the plot of log A versus log 7\. for a typlcal dispersion, is given in Flgure 1
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Figure 1: Variation of ‘n’, which is the indicator of the size of the aggregates in solution

as measured from a log A versus log A plot, with time in THF.

It can be seen that the highest n valﬁes (i.e. the smailesf aggregates) are observ‘ed'fokr .the
suffactant_ coated AP-MgO nanoparticles. This observation corroborates witﬁ the results
obtained by DLS. |

The initial screening sﬁggested thaf é féw sovh:/ents‘ are Betfer for maximurﬁ amount of
;redis.plersion.v 4The§e solvents were 1 -propanol, | 1-butanol, THF and mé_ihanol. _
betemﬁnation of redispersion weight pérCentééé asa functién of time was further carried

out for these solvents and a typical result is given in Figufe 2.
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Figure 2: Redispersion weight percentage as a function of time for surfactant adsorbed

- AP-MgO samples redispersed in I;Propanol.

In all the solvents, the surfactant coated AP-MgO nanoparticles were found to disperse

better compared_'to bare AP-MgO nanocrystals. In addition, the AP-MgO-AOT "sample

showed a higher redispersion weight percentage compared to AP-MgQ-DDAB in most

solvents studied except in the case of THF where the opposite was foﬁnd to be true. The

facts that l-prbpanol and  1-butanol were the best solvents suggest that lengthy alkyl '

groups of the solvents are necessary for solubilization. It was found that 1-propanol and

" 1-butanol are the best “sovlvents for redispérsion'upto_ 9h.




ot | ‘.The éurfé.ctant adsqrbe& _‘AP-Mg'O.'nanopanicvles vadsorbi par_ao'xén' destl'uctiv.ely and}tillc
»s_émple's' ‘wvere yellow in c'o‘lor owing fo the presence 6f p-nitropﬁéﬁdlate ion on the
| surfa.ce.‘ The results of par'ab).con. adsorption are shown in Figs: 3 (AP-MgO-AOT) and 4
(AP;MgOfDDAB) and in Table 2. It can be seen that the absorbance due tb paraoxon' .
(270 nm) decreases aS a function of time. It was found that about 12‘ p.l of paraoxon is .
adsorbed by about IOOmg of AP-MgO-AOT and about 7 pl of paraoxon is adsorbed by
100 mg of AP-MgO-DDAB safnple (pure AP-MgO adsorbs about :16 Qll paraoxon/ -
IOOmg 'AP-MgO). The reactivity trend for the destructive adsorption of paraoxon was

AP-MgO > AP-MgO-AOT > AP-MgO-DDAB.

%] . ~ AP-MgO-AOT Paraoxon adsorption
1.6 - \A . ,
144 |\ :
1 S —=—4pl
12+ , o o8l
1T\ ' ' —A— 12,
104 - a
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, Figure 3: Destructive adsorption of paraoxon on AOT coated AP-MgOna’n_oparticles. g




1.2 -Paraoxon adsorption on AP-MgO—DDAB
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Figure 4: Des&uctive adsefption of paraoxon on DDAB coated AP-MgO nanoparticles.

Table 5: Destructive adsorption of paraoxon in pentane on surfactant coated AP-MgO

nanoparticles

Sample . _ Molar ratio |
AP-MgQ - 11 mol paraoxon:34 mol AP-MgO -
AP-Mgb—AOT g | 1mol paraoxod: 45 mol AP-MgO-AOT
AP-MgO-DDAB o o 1 Imol paraoxon: 77 mol AI_’-MgO-DDAB

A similar trend in reactivity was observed for the destructive adsorption of 2-CEES on
the surfactant coated AP-MgO nanoparticles (Flgure 5). AP-MgO-AOT performs better
| compared to AP-MgO-DDAB but the react1v1ty of both the samples is less than that of

pure A_P-MgO_. The coating of surfactants does reduce the reactivity of the samples, but




the reductlon in react1v1ty/capac1ty for 2~CEES dcstructlve adsorptlon is only moderate

for AOT but more 51gmﬁcant for DDAB
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Figure 5: Destructive adsorption of 2-CEES on the surface of surfactant modified AP-

MgO nanoparticles
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