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ABSTRACT :

Nanohybrid organometallic particles of ‘C-y-alumina’ and ‘C-a-alumina’ have been
synthesized through thermal decomposition method. Simultaneous propulsion
of organic herb turmeric and inorganic aluminum nitrate on temperature 700°C
disclosed formative ability within turmeric molecules that wisely derived a cova-
lent-ionic bonded prominent self-assembled structure of C-y-alumina in an un-
controlled environment. Turmeric transformed alkaloid carbon derivatives pro-
voked activation in nano C-y-alumina. In-vitro elaboration of minimal inhibitory
concentration (MIC) against pathogenic strain Acinetobactor Sp. and, ex-situ TDS
measurement of contaminated water further showed enhance biochemical effica-
cy of C-y-alumina nanoparticles in different surrounding environments. Phase
transition of C-y-alumina into more thermodynamically stable C-a-alumina re-
tained on temperature 700°C during a second thermal decomposition propelled
by fuel hexamine. Occurrence of a single C-O carbonyl bond in FTIR absorption
spectra, obtained for both carbon aluminates latter verified organometallic nature
of compounds. Phase transition characteristics, crystalline size and crystalline
phases were determined by X-Ray diffraction. High resolution TEM and FESEM
imaging’s displayed spherical surface morphology of C-y-alumina and captured
rough surface features in transformed C-a-alumina at down to the nanoscale.

Keywords: Organometallic chemistry, electronegativity, self-assembly, phase tran-
sition, hexamine.

INTRODUCTION:

Engineered alumina or aluminum oxide (AIZO3), in
raw form of bauxite is the most versatile mineral pro-
duced by abditory nature that has remained faithful
for humans as bioimplant material since 1975 [1].
This mineral is widely accepted ceramic biomateri-
al for the excellent properties it offers. High elastic
modulus (~380GPa), hardness (28GPa), melting
point (2070°C) [2-4] together with biocompatibil-
ity [5] of alumina has remarkably proven its signif-
icance in fabrication of artificial hip-knee joints,
dental and bone spacer plates [6-7]. In more general
field of medical science alumina ceramic also has
been used to manufacture homeopathy medicines,
blood transfusion membranes, medicinal potteries
and other scientific products [8-9]. Though alumi-
na is reliable, biocompatible and biostable ceramic,
a histologically proven set of unexpected biological
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loosening’s (osteolysis) [10] in alumina implants has
been originated by one of its own superb property
i.e. bio-chemical ‘inertness’ [10], which subsequent-
ly reduced its degree of popularity in direct blood-
bones contacting implant and scaffold materials
[11]. In consolidated implant failure investigations,
several of alumina implants showed extreme inert-
ness and were failed to encourage bone growth (os-
sification) [12] due to insignificant biological bond-
ing (interfacial interaction, tissue adhesion and cell
migration) [13] was drawn by host tissues around
the ultrastructure boundary of bone-implant. In
past decades alumina has been doped with various
inorganic materials like calcium, zirconium, mag-
nesium, and chromium to enhance biochemical
properties of bioimplants but they were most likely
to be subject of cracks and dynamic fatigue [14-16]
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generation. A common secondary problem associated
with alumina is the low temperature synthesis of ther-
modynamically stable a-alumina phase [17] which
requires high temperature of over ~1100°C [18] to
gain hexagonal closest-packed (hcp) structure. Cava
et al. (2007) [19] obtained the lowest synthesis tem-
perature 1025°C on which a-alumina nanoparticles
synthesized through polymeric precursor method.
In another work, phase transformation of flame syn-
thesized gamma (y)-alumina to alpha (a)-alumina on
temperature 1200°C was examined by Gyo Lee et al.
(2013) [20]. The overall reviews on alumina indicates;
a necessity to increase bio-functionality of metasta-
ble alumina together with low temperature growth of
alpha (a) phase, to make alumina more meaningful
biomaterial.

Present work proclaimed on marvelous capa-
bilities of Mother Nature’s parallel strengthening the
overall biochemical and physical properties of alumi-
na through introduction of carbon. Thamaraiselvi et
al. (2004) [1] emphasized excellent biocompatibility
and mechanical properties of carbon similar to bones,
thus indicates carbon can be deploy as a biomateri-
al particularly in blood contact orthopedic implants.
Natural spice turmeric (Curcuma longa) is well
known to contain curcuminoids, a compound be-
lieved to have anticancer effects [21], and when burnt
into carbon simultaneously with aluminum nitrate
on temperature 700°C, ends-up into covalent-ion-
ic bonded organometallic C-y-alumina (C-y-AlO,).
Nanohybrid semi-crystalline grains of C-y-alumina
with fused grain boundaries at nanoscale have poten-
tial to compete with current medical grade alumina
having grain size 1.4 pm [3], while lower surface en-
ergy of y-alumina ensured availability of larger active
surface area for catalytic reactions. Moreover, to ob-
tain low temperature a-alumina phase, present work
dealt with phase transition of C-y-alumina into more
thermodynamically stable, polycrystalline C-a-alu-
mina (C-a-ALO,) at temperature down to 700°C by
introducing hexamine propellant in thermal decom-
position of alumina.

MATERIALS AND METHODOLOGY:

Formations of desired organometallic frameworks
(C-y-alumina, C-a-alumina) obtained by high tem-
perature thermal decomposition of solution based
constituent precursors in two stages, propelled by two
distinct fuels. In first stage, to synthesize C-y-alumi-
na; 3.75gm salt of analytical grade aluminium nitrate
[AI(NO,),.9H,0O (Nice Chem.)] and 2.88gm of pro-
pellant urea [NH,CONH, (CDH Ltd.)] were dissolved
in 8ml of distilled water. Intimate blending of 0.55gm
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fine turmeric powder (Alleppey Finger) in redox solu-
tion of fuel and metal nitrate served a delicate source
of carbon. 100ml silica crucible was used as an igni-
tion pot due to withstand capability of silica on higher
temperature. At room temperature solution was kept
in rest condition (without stirring) for 20 minutes,
showed change in color of redox solution from trans-
parent into dark brown with essence of golden color,
further confirmed the reactive properties of turmeric
molecules. Initially, the solution was preheated upon a
hot plate on temperature 300°C with continuous stir-
ring till half of the water evaporated and solution ho-
mogenized well. Resultant redox solution when intro-
duced into 700°C preheated muffle furnace, burnt in
suppressed manner. A gentle pyrolytic decomposition
of redox solution into carbonized foam of C-y-alumi-
na was arrived at completion in less than 4 minutes.
Evolution of moderately acute by-product gases pre-
vented unnecessary sintering as well as dissipated the
heat of combustion. After 2 hours of calcination on
the same temperature was used for ignition, foam was
then cooled down and lightly grounded in agate mor-
tar to obtain fine nanoparticles of C-y-alumina.

The purpose of second thermal decomposition
using hexamine fuel was to confirm the parent mate-
rial i.e. what carbon hiding within it? Its aluminum
oxide or pure metal aluminum in previously made
C-y-alumina, followed by low temperature growth of
a-alumina. Experimental procedure began with the
removal of carbon from C-y-alumina. For this, 2gm
of as-synthesized C-y-alumina nanoparticles (fig. 1a)
were refluxed in 6 moles of concentrated nitric acid
with continuous stirring upon a hot plate on tempera-
ture 300°C. Formation of dark black solution (fig. 1b)
through nitric acid confirmed the removal of carbon
from C-y-alumina. A second solution of fuel con-
tained 1.8gm of hexamine [C H N, (Lobachemie.)]
dissolved in 8ml of distilled water was then added
into carbon rich solution through vigorous stirring
on temperature 150°C. Resultant homogeneous solu-
tion when introduced into preheated muffle furnace
at temperature 700°C explosively decomposed (fig.
lc) into pure white (fig. 1d) agglomerates of a-alumi-
na. During combustion with hexamine excessive en-
ergetic flames were observed for a prolonged period
of time. Ignition temperature helped in crystalliza-
tion, whereas extended decomposition time adversely
transformed C-y-alumina into polycrystalline a-alu-
mina at temperature down to 700°C. Mild presence
of carbon in a-alumina crystal lattice latter verified by
XRD and FTIR spectrums, displayed an organome-
tallic-polycrystalline alpha aluminate (C-a-alumina).
The overall thermal decomposition process followed
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the rules of propellant chemistry that can be more
exothermic or explosive for improper fuel to oxidizer
ratio so it is suggested to wear proper protecting gears
and should be undertaken with extra precautions.

Figure 1. Phase transition sequence of C-y-alumina into polycrystalline
C-a-alumina; (a) gray color of C-y-alumina nanoparticles confirmed
the presence of carbon, (b) removal of carbon through nitric acid, (c)
propulsion of carbon rich black solution with fuel hexamine on tem-
perature 700°C, (d) Hard agglomerates of polycrystalline C-a-alumina
after explosive decomposition, (e) nanoparticles of C-a-alumina after 2
hours grinding in mortar.

CHARACTERIZATION:

Crystalline size and crystalline phases of organome-
tallic specimens were evaluated by “Philips diffrac-
tometer” (PANalytical X’Pert Pro, PW 3050/60 with
CuKa=1.5406A radiation generated at 40kV and
40mA) equipped with a fixed 100mm focused diver-
gence slit. The specimens were measured in the 29
range of 10°-90° with scan step of 0.017° in 20 seconds
of scanning time at room temperature. Silicon was
used to correct instrumental broadening. A combi-
nation of transmission and scanning electron micro-
scopes was employed for morphological imaging of
specimens on nanoscale. TEM images were captured
by using “TECNAI G2 20 S-TWIN’ (200kV) electron
microscope inbuilt with ‘Gatan SC-200D Orius’ and
‘Gatan 894 ultra-scan 1000’ high resolution CCD
cameras. Samples were prepared for TEM imaging by
dipping and drying porous 3mm carbon coated cop-
per grids into 20 minutes pre-ultrasonified methano-
lic dispersion of specimen powders. In parallel, SEM
images were obtained by using ultra low vacuum (10-
130Pa extended up to 4000Pa) operated ‘FEI-Quanta
200 FESEM’ electron microscope with accelerating
voltage 20kV. Samples for SEM were prepared by di-
rect gluing of specimen powders onto the surface of
single stub which further placed on four axial motor-
ized ‘Stage’ for characterization. FTIR spectrums of
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specimens were recorded in between 4000-450cm™
absorbance range by using “Varian 1000 FTIR” The
specimen powders were grounded with 200mg of
potassium bromide (KBr) in agate mortar and latter
compressed in hand press to obtain 10mm diameter
pellets for FTIR analysis.

RESULT AND DISCUSSION:

Molecular self-assembly in biology is usually char-
acterized by a spontaneous process under minimum
thermodynamic equilibrium to generate non-cova-
lently bonded higher order aggregates from relative-
ly smaller subunits [22]. In contrast, organometallic
chemistry relies strictly on covalent-ionic bonding of
carbon with metals [23]. This is quite difficult to ob-
tain self-assembly in organometallic compounds due
to complexity of carbon to make stable bonds (sin-
gle, double or triple) with dissimilar electronegative
inorganic elements [24]. By present work, thermal
decomposition through solution combustion signi-
fied its potential to fabricate self-assembled organo-
metallic C-y-alumina (C-y-AlO,), comprised of dif-
ferent electronegative elements. For example, carbon
and oxygen often favored to establish polar-covalent
bonds (C-O) with each other by their respective elec-
tronegativities 2.55 (C) and 3.44 (O) [24], whereas the
aluminum ions (AI**) in salt of aluminum nitrate has
secured minimum electronegativity 1.61 on Pauling
scale [25]. This huge differences in electronegativities
of carbon and oxygen in comparison with aluminum
when combined, furnished a ‘covalent-ionic’ [25]
framework within C-y-alumina. Elevated tempera-
ture 700°C forcedly helped to push covalent carbon
atoms (turmeric transformed) into ionic y-alumina
crystal lattice.

Figure 2. Random structure (a) of 0 alumina, in comparison with
well self-assembled structure (b) of C-y-alumina supported by hyper
branched (c) flower like interior after thermal decomposition.

Parallel significance of temperature, com-
bustion with turmeric molecules manifested “Heat
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assisted covalent-ionic self-assembly” a quite new
phenomenon, mimicked the concept of biological
self-assembly to direct a spontaneous, three dimen-
sional prominent structure of C-y-alumina (fig. 2b) in
a well-defined connectivity and shape. The observed
plausibility of self-assembled C-y-alumina was knit-
ted intentionally by turmeric molecules, which per-
formed their function as a biological catalyst encoded
with formative biological information (same as hu-
man genes) to target structure of a specific topology.
This prodigious structure targeting ability of turmeric
molecules unveiled hidden secrets of Mother Nature’s
and remained facsimile in several trials. The identi-
cal cage patterns in bulk C-y-alumina followed the
clockwise rotational patterns of gray and bright white
colors respectively. Hyper branched isotropic inte-
rior skeleton (fig. 2¢) served as an extension to hold
exterior framework of self-assembled C-y-alumina.
Moreover, the low temperature (700°C) irreversible
phase transformation of C-y-alumina into more ther-
modynamically stable C-a-alumina during second
thermal decomposition signified the profound impact
of propellant hexamine in determination of materi-
al characteristics. This dramatic reduction in growth
temperature from ~1100°C (standard condition for
a-alumina) to 700°C further confirmed by X-Ray
diffraction and was achieved by two main factors; (i)
a platform (i.e. y-alumina) for initial nucleation of
a-alumina was provided by the first thermal decom-
position with fuel urea and (ii) nucleation growth
ends-up with desired a-alumina phase by prolonged
violent flames, explosively produced by nitrogen rich
fuel hexamine during second decomposition. It has
been concluded that the low temperature a-alumina
growth is feasible by controlling the primary nucle-
ation step as well as by choosing propellant with ex-
tended aerial burning time.

112330
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Figure 3. FTIR spectrums (a) obtained for rich in functional groups
C-y-alumina and, (b) elimination of functional groups in transformed
C-a-alumina.

After grinding of as-synthesized specimens, FTIR
Page 10

spectroscopy confirmed the inclusion of various func-
tional groups within nano C-y-alumina (fig. 3a), most
specially, at point 3739.29cm™ in high energy region of
spectrum a phenol group exhibited due to the stretch
free vibrations of hydroxyl ions (OH) present in phe-
nol. Phenol is generally a compound of ‘phenyl’ bond-
ed to OH, so that a cluster of sharp peaks at points
1534.23cm " and 1453.34cm™ also obtained by stretch-
ing vibrations of aromatic phenyl rings [26]. A single
bending vibration of aromatic phenyl rings was gen-
erated at point 795.5cm™. Another OH ion stretching
vibration band at point 3456.18cm™ observed along
with its second adsorptive bending vibration at point
1630.23cm ™! indicates, moisture in specimen and usu-
ally caused by water absorption during the preparation
of C-y-alumina pellet with potassium bromide (KBr).
The week symmetrical stretches at points 2341.25cm ™
and 2254.24cm™ signified a monovalent multiple
bonded aliphatic cyanide/nitrile (-C=N) compound
[26]. Formation of y-alumina phase with single C-O
bond was characterized by an intense peak of carbon-
yl group at point 1227.13cm™ [27] thus fulfilled the
criteria to being an organometallic C-y-alumina. In
contrast, IR spectrum for transformed a-alumina (fig.
3b) confirmed the elimination of functional groups
in second combustion with hexamine fuel, except
that single C-O carbonyl bond shifted and signified a
polycrystalline organometallic C-a-alumina at point
1123.30cm™.

Counts| o) 113)

JCPDS 46-1212

(300)
(214))

(1010)

Position [2Theta) (Coppar (C1)

Figure 4. X-ray diffraction profile obtained for (a) randomly arranged
crystal structure of C-y-alumina and, (b) 700°C transformed polycrys-
talline C-a-alumina.

Evolution of organometallic frameworks also con-
firmed by X-Ray diffraction data, illustrated atomic
scale mixing of carbon with y and a alumina phases.
All obtained crystalline planes were arranged by
their respective d-spacing and matched exactly with
standard JCPDS card 46-1212 for alumina. Average
primary particle size 25.75nm for C-y-alumina, and
83.82nm for C-a-alumina were calculated by using
Sherrer’s equation [28] i.e.
t=(KA)/(p Cos 0)
Where, K is the Scherrer constant with value 0.89, A
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is the wavelength of X-Ray radiation, P is full width at
half maxima (FWHM) of the Bragg peak in radians, 6
is the Bragg angel of diffracted peak. Initial XRD pro-
file (fig. 4a) obtained for organometallic C-y-alumina
specimen synthesized on typical temperature 700°C.
Elevated temperature fulfilled the stoichiometric of
combustion reaction and thermally decomposed
starting precursor materials into less crystalline meta-
stable C-y-alumina. Presence of only two crystalline
planes 202 and 214 indicates low degree periodicity
or random distribution of atoms within C-y-alumi-
na crystal lattice. Broader widths of diffraction peaks
were results of poor planar reflections of X-Ray beams
produced by poorly arranged crystal unit cells, which
further developed inverse relationship with FWHM
(full width at half maximum) to ensure smaller size
nanoparticles (26.75nm). The linkage between carbon
and alumina was identified by a strong zigzag scatter-
ing profile (turbulence) fused in diffraction base line
denoted a hybrid, semi-crystalline lattice comprised
of carbon rich amorphous and y-alumina crystalline
phases (i.e. C-y-alumina). Second XRD profile (fig.
4b) illustrates successful transformation of C-y-alu-
mina into more periodically arranged polycrystalline
C-a-alumina that almost contained all crystalline
planes (012), (104), (110), (113), (202), (024), (116),
(018), (214), (300), (1010) of thermodynamically
stable a-alumina within its crystal structure. Crys-
tal planes were well defined by tall narrow peaks and
matched exactly with JCPDS standard. In parallel
with narrow and sharp peaks of a-alumina, carbon
also signified itself by inducing mild scattering pat-
terns in bottom of diffraction base line, thus overall
profile indicates C-a-alumina was also an organome-
tallic compound but poor in carbon (contained only
single C-O carbonyl bond).

[

Figure 5. Porous low density SEM and TEM micrographs obtained for
spherical C-y-alumina nanoparticles.

© Asian Journal of Biomedical and Pharmaceutical Sciences, 2015.
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Figure 6. Platy-asymmetrical SEM and TEM micrographs obtained for

C-y-alumina transformed C-a-alumina nanoparticles.
Morphological characterizations examined through
SEM and TEM imaging revealed porous low densi-
ty framework of nano C-y-alumina (fig. 5) that com-
prised small spherical shaped nanoparticles, fastened
manifoldly in carbon rich agglomerated bunches
of spherical particle stacks. In contrast, imaging of
C-a-alumina (fig. 6) displayed rigid and platy asym-
metrical surface morphology that almost contained
triangular, rectangular and polyhedral nanoparticle
stacks. Except the shapes, imaging also illustrates
huge variations in particles size for both organome-
tallic specimens, ranging from ~500nm to ~26nm
for C-y-alumina, and from ~500nm to ~84nm for
C-a-alumina nanoparticles respectively. The broad
variations in size range obtained for both C-y/a-alu-
mina and rough surface morphology visualized only
in C-a-alumina were pre-considered products of exo-
thermic decomposition that often emerged in high-
ly uncontrolled environment (elevated temperature).
Imaging apparently proved that, turmeric molecules
were not only capable to target a particular topolo-
gy in bulk but also had significant impact to control
texture and geometry of particles at nanoscale results
in; homologous spherical shaped nanoparticles of
C-y-alumina.

ACTIVATION IN NANO C-y-ALUMINA

Assay preparation for measurement of antimicrobi-
al susceptibility

To determine reactive property, antimicrobial suscep-
tibility of organometallic aluminates was examined
against pathogenic bacterial strain Acinetobactor sp.
(Gram-negative) by following standard CLSI (former-
ly, NCCLS) protocol [29]. In-vitro agar cup diffusion
[30] method was adopted for quantitative estimation
of minimal inhibitory concentration (MIC) of sus-
ceptible specimens. 85mm in diameter Mueller-Hin-
ton [31] dish with depth of 4mm agar broth was used

to provide proteins and other nutrients to culture a
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confluent growth of bacterial organism. Inoculum of
bacterial strain was prepared by suspending 48 hours
old bacterial colonies in 1ml of sterilize saline water.
Density of inoculum suspension was adjusted till the
visible turbidity of suspension matched with 0.5Mc-
Farland [32] standard. 100yl of bacterial inoculum
was then pipette onto the surface of agar dish and
streaked uniformly by a sterilize cotton swab. To pre-
vent rapid agglomeration of nanoparticles and/or to
obtain faithful diffusion, each participating specimens
(except water) were dispersed ultrasonically (in ratio
of 1mg/ml) in non-volatile, inert polydimethylsilox-
ane (>, negative control) that remained diluted up to
~16 hours. Intimate contact for diffusion was provid-
ed by five 10mm cylindrical cups, which were ditched
on agar surface by a sterilized borer. First cup was
filled with 200ul of sterilize distilled water (negative
control). Second cup was filled with 200ul of reference
antibiotic Ofloxacin (Cipla, positive control). Third
cup was filled with 200ul of an additional reference
powder of pure alumina (Sigma-Aldrich). Fourth and
fifth cups were filled with 200l of as-synthesized or-
ganometallic nanoparticles of C-y-alumina and trans-
formed C-a-alumina respectively. To measure zones
of inhibition, infected dish was then incubated on

R

(a) Acinetobactor Sp.

temperature 37°C in air for 24 hours.
Assay preparation for measurement of total dis-
solved solids (TDS) in water
To measure adsorptive property of C-y-alumina
nanoparticles present work dealt with ex-situ reme-
diation of river water (Varuna-India) by continuous
flow adsorption method. A qualitative measurement
of dissolved ionized solids like minerals, salts and
heavy metals ions in river water was obtained by con-
ventional TDS (total dissolved solid) apparatus (Aqua
Pro API-HM). For this purpose a 10cm glass column
with diameter 2cm was prepared by following stan-
dard chromatographic column [33] procedure and
packed with 4gm of C-y-alumina nanoparticles to ob-
tain a bed height of 1.5cm. Powder bed of nanoparti-
cles in bottom of column was sealed by glass wool.
After a pre-determined time lapsed in incu-
bator, minimal inhibitory concentration (MIC) of
susceptible specimens yields a circular zone of inhi-
bition (fig. 7a) in the immediate area around the cups
for the given concentration. The zones of inhibition
were measured as the widest diameter (mm) from the
edges of the last visible colonies of bacterial culture.
As per obtained results (Table. 1) negligible sign of
inhibition zones or activities were displayed by pure

Contaminated water

|

C-Y-alumina |%¢®, ,

.

Glass wool

(b) C-y-alumina Column Preparation

Figure 7. (a) MIC diameters of susceptible antibiotic Ofloxacin (cup 2) and C-y-alumina (cup 4) formed against Acinetobactor sp., and
C-y-alumina column preparation for measurement of TDS in river water.

Pathogen Specimen Zone of Equivalent MIC breakpoint (mg/ml)
inhibition
(mm) Resistant Intermediate Susceptible

Acinetobactor Ofloxacin 35 <28mm 39-33mm >33mm
Pure alumina - - - -
C-y-alumina 24 <18mm 19-22mm >22mm
C-a-alumina - - - -

Table 1. Susceptibility performance and equivalent MIC breakpoint of participating specimens
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alumina (cup 3) and transformed C-a-alumina (cup
5) indicates; both specimens were inert and failed to
interact chemically with the vital components of bac-
terial organism. Beside this, nanoparticles of C-y-alu-
mina significantly competed with reference antibiotic
(cup 2) and secured a mild 24mm diameter zone of
inhibition around the cup-4. This notable bacteri-
cidal property of C-y-alumina further exposed its
degree of resistivity against the bacterial growth and
probably emerged due to the congenital cytotoxicity,
intrinsically produced by y-nanoparticles (catalytic)
together with its alkaloid carbon derivatives (Phenol,
phenyl and cyanide-nitrile). Toxicity of cyanide-ni-
trile compound was thought to generate mutation
through apoptosis (cell death) [34], nourished paral-
lel by well-known germicidal-antiseptic properties of
phenol and phenyl groups [35]. Furthermore, during
TDS measurement, the filtered 100ml of river water
through C-y-alumina column (fig 7b) indicates sig-
nificant reductions in average concentration of total
dissolved solids form 748.13ppm to 496.02ppm. The
observed pH value of river water also decreased from
8.3 to 6.2 on pH scale. Adsorption of dissolved solids
along with reduction in pH level further signified the
binding efficacy of alkaloid carbon derivatives (func-
tional groups) in form of active metal ligands that
empowered organometallic C-y-alumina to interact
chemically with surrounding environment.

SUMMARY:

The overall experimental study inferred following
confirmative conclusions;

oThermal decomposition through solution combus-
tion is a convenient way to introduce carbon in crys-
tal lattice of dissimilar electronegative elements.
+‘Heat assisted covalent-ionic self-assembly’ of car-
bon with inorganic oxide is possible in bulk volume.
oTurmeric molecules have formative self-assembling
properties.

+‘Spherical shaped’ C-y-alumina nanoparticles con-
firmed the ability of carbon (turmeric transformed)
to control geometry and texture of particles at na-
noscale.

oThe combination of high mechanical and physical
properties of alumina together with reactive and ad-
sorptive properties of turmeric in its respective car-
bon form (alkaloid functional groups) confirmed
the hybrid characteristics of both parent materials in
C-y-alumina.

«Low temperature synthesis (700°C) of thermody-
namically stable alpha alumina is feasible by hexam-
ine propellant.

Fabrication of alumina “supermolecules” has fulfilled

© Asian Journal of Biomedical and Pharmaceutical Sciences, 2015.

the aim of this work. Enhanced biochemical proper-
ties with comprehensive functioning, nanosized or-
ganometallic frameworks, hybrid physical and chem-
ical state may help alumina to regain its lost identity
as biomaterial.
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