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Abstract : Chromium (111) oxide (Cr,0,) nano-
powderswith 27 nmin size were synthesi zed through
microwave-induced solid-state decomposition of
nitrato (2,3:8,9-diphenanthrene-5,6:11,12-dibenzo-
1,4,7,10 tetraazacyclododecane) chromium(lil),
[CrL](NG,), where (L=C, H_.N,), as new precur-
sor in the presence of CuO powder as strong micro-
wave absorber within avery short reactiontime of 10
min. The product wasidentified by X-ray diffraction
(XRD), Fourier-transformed infrared spectroscopy
(FT-IR), Field emission scanning el ectron mi croscopy
(FESEM), energy-dispersive X-ray spectroscopy
(EDX). The microstructures and morphology Cr,O,
powders was gquasi-spherical shape. The XRD pat-

INTRODUCTION

Nowadaysthe chromium (I11) oxide (Cr,O,) asan
important functiond oxideisthe subject of scientificin-
vestigation due to unique properties such asthermo
dynamica stability, resistanceto chemicd attack, high
melting point temperature (2435 °C) and high hard-
ness*2. These excellent propertiesmake Cr,O, suit-

tern of product showed only the peaks correspond-
ing to chromic (1) oxide. Therhombohedral system
and space group R-3c (No. 167) can be considered
by using the X-ray powder diffraction data. Micro-
wave-induced combustion method isan easy and, safe,
low-cost, suitablefor high purity production and en-
ergy efficient method hasbeen reported for the prepa:
ration of Cr,O, nanopowder. Thismethod is an eco-
nomical method for the preparation of Cr,O,
nanopowder with respect to energy, time and sim-
plicty. © Global Scientificlnc.

K eywor ds: Nanopowder; Cr,O,; Solid-state; De-

2 3;
composition; Microwave; XRD.

ablefor different applicationsin green pigments?¥, het-
erogeneous cataysts*®, coating materiadsfor thermal
protection(®, important refractory materia®, wear re-
sisgtancefieldg” and so on. There havebeen many tech-
niquesto obtain Cr,O, nanoparticles, including micro-
wave plasmd®, hydrothermal reduction(®?, laser-in-
duced deposition™, decomposition of chromium (I11)
nitrate solution?, gas condensation!*¥ sonochemical
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reaction*¥l, mechanochemical processing!*®, and so
on1&2 In recent years, microwave-assi sted combus-
tion method attracted wideinterestsindiversfiedfid ds
duetoitsinherent advantages, such asrapid and green
methodol ogy?!, and hasunique effectsincluding rapid
volumetric heating, highreactionrate, short reectiontime,
enhanced reaction s ectivity, environmentd friendliness,
energy saving?, homogeneousthermd transmission®,
and theability to produce different morphologieswith
narrow sizedistribution particleswith high purity®?. The
reason that this method gained importance over the
conventiond heeting methodsisinteraction microwaves
withthereactantsat themolecular level, wherethisel ec-
tromagnetic energy istransferred and converted to heat
by rapid kineticsthrough the mation of themol ecules®.,
It demonstratesthat many functional of metal oxides
with nove structuresand propertieshave been synthe-
sized by microwave assisted method such asprepara-
tion of cadmium oxide (CdO) nanospheres?d, nickel
oxide (NiO) nanoparticled?’, zinc oxide (ZnO)
nanoparticles?, cellulose/CuO nanocomposites®.. In
this paper chromium (111) oxide (Cr,O,) nanopowders
were synthes zed through soli d-state decomposition of
nitrato (2,3:8,9-diphenanthrene-5,6:11,12-dibenzo-
1,4,7,10-tetraazacyclododecane) chromium (III) [Cr
L](NO,), where (L=C,H..,N,) precursor with the as-
sistance of microwave heating. The product wasiden-
tified by X-ray diffraction (XRD), Fourier-transformed
infrared spectroscopy (FT-IR), Field emission scan-
ning el ectron microscopy (FESEM), energy-dispersive
X-ray spectroscopy (EDX). The advantage of our ap-
proachisthat thismethodissimple, safe, low-cost, fast
and energy efficient and suitablefor high purity indus-
tria production. Specifically, widevariety of metal ox-
ide particles could be prepared by thismethod no need
any additional templateagentslike surfactants.

EXPERIMENTAL

Materials

Chromium (111) nitrate nonahydrate, hydrochloric
acid, o-phenylenediamine, 9,10-phenathrenequinone
a somethanol and acetonitrilewere used as solvents.
All thereagentsused were purchased from either Merck
or FlukaCompany asreceived, were used without fur-
ther any purification.

Synthesis of 2,3:8,9-diphenanthrene-5,6:11,12-
dibenzo-1,4,7,10-tetr aazacyclododecaneligand (L)

The symmetrical Schiff base ligand (2,3:8,9-
diphenanthrene-5,6:11,12-dibenzo-
1,4,7,10-tetraazacyclododecane) (L=C,H, N 4) was
prepared according to previoudy published methods™!.
After addition methanolic solution of o-phenylenedi-
amine to methanolic solution of 9,10-
phenanthrenequinone at the presence of hydrochloric
acid, themixturewasboiled under reflux for Shwhena
greenish compound was precipitated. The product was
filtered off, washed with methanol, and dried in vacuo.
The mentioned ligand was studied by themelting tem-
perature (melting point: 182-7 °C) and the *H NMR
spectrumthat showssix typesof signalsintegrating for
four protonsin the phenanthrenering and two inthe
phenyl rings of condensed o-phenylenediamine. The
chemicd shifts (o) and coupling constant (J) valuesare
at 9.31 ppm (4H, d, J=8.04 Hz), 8.83 ppm (4H, d, J
=7.32), 8.37 ppm (4H, m), 8.01 ppm (4H, m) and
7.91 (4H,t,J=7.32) and 7.84 ppm (4H, t, J=7.32
Hz) which can be assigned to the phenanthrene and
phenyl ring protons. The IR spectrum of thefreeligand
showsbandsat 1590 cm region, 1450-1400, 1100—
1090 and 760-720 cm™ regions respectively that as-
signed to C=N and aromatic ringsvibrations. Theab-
senceof band characteristicof v, aromatic primary
amine bands ViuH) expected to appear in free
9,10-phenanthrenequinone and o-phenylenediamine,
respectively, confirmstheformation of the proposed
macrocyclicframework.

Synthesis of chromium (I11) complexe [CrL]
(NO,),

For the synthesisof nitrato (2,3:8,9-diphenanthrene-
5,6:11,12-dibenzo-1,4,7,10-tetraazacyclododecane)
chromium (111), [CrL] (NO,), to asolution of ligand
(L) (0.01moal; 0.560 g) inacetonitrile (25 ml) wasadded
dropwise acetonitrile solution (25 ml) of
Cr(NO,),-9H,0 (0.01 mol). After 3hat 50°C giving
colored product. The product wasfiltered off, washed
with acetonitrile, and dried under vacuum at room tem-
peréture.

Synthesisof Cr, O, nanopowders
For the synthesis of Cr,O, nanopowders, the
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[CrL](NO,), where (L=C, H..,N,) precursor powder
(1 g) wastakeninasmall porcelain crucibleand was
placed inthe middle of another larger porcelain cru-
ciblefilled with CuO powder as asecondary micro-
wave absorber. This assembly was then exposed to
microwaves in a domestic microwave-oven (LG-
intellowave, 900 W, 2.45 GHz) operated at the power
level of 900W inair for 10 min. After the CuO powder
reachesto the point of spontaneous combustion, it be-
camefully red hot and followed with the evol ution of
gases by decomposition of precursor powder. At the
sametime, variousgasessuch as CO,, NO, and water
vapor were produced and thisgasevol ution breskdown
thepdllet of precursor powder to afine powder during
irradiationtimeof 10 min. Theschematic diagramfor
preparation of Cr,O, nanopowdersshowsin Figure 1.

Char acterization of the Cr_O, nanopowder

The product was characterized by aRigaku D-max
CIlI, X-ray diffractometer (X Pert-Pro system, Philips)
using Ni-filtered Cu Ka radiation (A= 0.154056 nm).
Diffraction angles (20) were 10-80°. Infrared spectra
were recorded on a Schimadzu system FT-IR 8400
spectrophotometer using KBr pellets. Field emission
scanning el ectron microscope (FESEM) and energy-
dispersive X-ray spectroscopy (EDX) images were
taken on aHitachi s4160/Japan and oxford instrument
/England respectively.

NH,
: (X
NH,

:
4

RESULTSAND DISCUSSION

A schematic diagram of preparation of Cr,O,
nanopowdersthrough microwave-induced solid-state
decomposition of nitrato (2,3:8,9-diphenanthrene-
5,6:11,12-dibenzo-1,4,7,10 tetraazacycl ododecane)
chromium (I11), [CrL](NO,), where (L=C,H_,N,),is
presented in Figure 1. XRD pattern (10°<26<80°) of
the decomposition product of the [CrL](NO,),, com-
plex isshownin Figure 2. The XRD pattern of the
decomposed samplereveal sbroad diffraction peaks
with 20 values at 24.6054°, 33.7127°, 36.3090°,
41.6062°, 50.3247°,54.9545°,63.5892°, 65.2016°,
73.1116° and 76.9737° that are assigned to the crys-
tal planesof (01 2), (104), (110), (113),(024), (1
16), (214),(300),(1010) and (0 2 10) of crystal-
line Cr,O,, respectively, consistent with theliterature
values (JCPDS Card No. 84-0312). Thisresult con-
firmsthat theformation of the Cr,O, phase, also this
spectrum confirmsthat no peak attributableto pos-
sbleimpuritiesthat thefina product ishighly pure. All
of the reflection peaks of this XRD pattern can be
indexed well to rhombohedral phase of Cr,O, (space
group: R-3c (No. 167) with calculated cell param-
etersa=4.9507°A and ¢ =13.5656 °A. The crystal-
litesizesof theas-synthesized Cr,O,, D, .., werecal-
culated from the mgjor diffraction peaks of the base
of (104), (110) usingthe Scherer formulaD=0.9 A

0

\

MeOH

HCl

CryOy nanopowders

Figurel: Schematicdiagramfor preparation of Cr,O,nanopowders
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/ B cos 6 where ) is the X-ray wavelength Cu K ,
usedin XRD (1.5418A1), 0 is the Bragg angle and B
isthe purediffraction broadening of apeak at half-
height, that isbroad dueto the crystallitedimensions.
Thesizeof thecrystallite was estimated from Debye-
Scherer equation 27 nm.

The decomposition product was characterized by

ORIGINAL ARTICLE

Fourier-transform infrared spectroscopy (FT-IR). The
FT-IR spectraitsproduct isshownin Figure 3. FT-spec-
traof the samplewere examined to confirm the nature
of decomposition product. Inthe FT-IR spectrum of the
product thelarge domain located between 500 and 700
cm* arerelated to thevibration band of themeta—oxide
linksthevibration band at 551 cm™* characterizesthe
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Figure2: TheXRD patternof Cr,O,nanopowder.
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Figure3: FT-IR spectraof Cr,O, nanopowder
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Figure4: TheFESEM imagesof Cr O, nanopowders

Cr—O distortion vibration and the band at 618 cm™ iden-
tifiesthe chromium oxide asthe Cr,O, phase®!l. Also,
the weak broad bands at 3000-3600 cm™ is corre-
sponded to the stretching and bending vibrations of the
water mol eculesabsorbed by the sampleor KBr.
Inthisspectrum strong intensity absorption band at
1590 cm* assigned to C=N stretching mode of the
ligand, vibrations 1450-1400, 1100—1090 and 760—
720 cmt regions of aromatic ringsand the strong band
intheregion460-440 cm™ beduetov . vibrations
have been eiminated that confirm theformation of the
proposed Cr,O, phase!®. Figure 4 shows the
FESEM images of the as synthesized Cr,O, powders.
ThisFiguregivesan overal view of the product, re-

vealing the surface morphol ogy of the Cr,O, powders.
Themicrostructures and morphology Cr,O, powders
wasquasi-spherica shape. Lower magnificationreveds
that the product consists of loosely aggregated grains
lessthan 50 nmin size (Figure44). Higher magnifica
tion confirmsthat the grainsare composed of extremely
fine particlesand are essential ly secondary agglomer-
atesof primary particles (Figure4b). One can observe
that nano-sized particles started to become evident
withinthegrainsand agglomerates.

The Cr,O, nanopowder was al so tested by EDX
analysis. The EDX analysisof the Cr,O, nanopowder
confirmsthat the sample containsonly Crand O ele-
ments (Figure5). Theexperimenta atomic percentages
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Figure5: EDX spectrum of the Cr O, nanopowders.

of Cr and O are found to be 37.58% and 64.35%,
respectively. Theatomicratio of Cr/Oisapproximately
2:3, which further confirms pure Cr,O, phasewas syn-
thesized in perfect agreement with the XRD data.

CONCLUSON

Inthisstudy pure Cr,O, nanopowderswith quasi-
spherical shapeand 27 nmin size have been success-
fully synthesi zed through the decomposition of the of
nitrato (2,3:8,9-diphenanthrene-5,6:11,12-dibenzo-
1,4,7,10 tetraazacyclododecane) chromium (I1),
[CrL](NO,), where (L=C,H..,N,), as new precursor

40" 28

under microwave heatinginthe presence of CuO asthe
secondary heater. Microwave-induced combustionis
an easy and, safe, low-cogt, suitablefor high purity pro-
duction and energy efficient method hasbeen reported
for the preparation of Cr,O, nanopowder. Also reac-
tiontimeisreduced to few minutes, in contrast to few
hoursin conventiond methods. Thismethodisan eco-
nomical method for the preparation of Cr,O,
nanopowder with respect to energy, timeand smplicity.
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