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Abstract

Temperature morphological evolution of nonpercolated granular nano-structures of platinum nano-particles embedded in an
insulating alumina matrix was investigated by X-rays scattering in grazing angle reflection mode. In the investigated temperature
range of 298-823 K, it was found that the annealing treatment tends to increase the Pt nano-particles’ size and to produce a quasi
mono-disperse Pt nano-particles followed by a reduction of the barrier thickness between them. The percolation temperature is
estimated to be of the order of 890 K. Using the rate constant governing the growth of the Pt nano-particles, the corresponding
activation energy was determined to be about 90rial.
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1. Introduction the percolation threshold, they consist of isolated
metallic nano-particles implanted in a host insulat-

Granular nano-composites, also called nano—phaseding mgtrix. The gran_ular ngno-structgres have long
structures exhibit an interesting state of matter in- l:_)een mteresyng subject owing to their dgswable op-
termediate between the bulk crystalline state and the tical, magnetic, superconducting or electric properties

. for on the one hand, and to their physical fundamental
nano-crystalline, generally amorphous state. Far from S ’ .
y g y P behavior in an other hand-5]. Recently, it was es-

tablished experimentally the possibility of observing
* Corresponding author. ;mall angle X-rays scatteringin a g_raz_ing angle r.eflec—
E-mail address; maaza@tlabs.ac.Z8. Maaza). tion geometry in such a type of thin films containing
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metallic inhomogeneitie§s,7] where the embedded Itis grown by RF sputtering in an inert-gas atmosphere
nano-particles’ characteristics were deduced. The cur- of pure argon and deposited on a cleaned cooled float-
rent short communication which is complementary to glass substrate. The volume concentration of the Pt

the previous theoretical and experimental wixk is nano-particles X” is about 38%, just slightly below
devoted to the investigation of thermal kinetic evo- the percolation concentration. Isochrone heat treat-
lution of the platinum nano-particles in the A& ments of the sample were carried out in high vacuum

hosting matrix. More accurately, the Pt average di- “pressure before heatirey 108 Torr” in an electric
ameter(¢), average inter-platinum distan¢e) and furnace with a heating rate of 5/in. The sample
their corresponding distributiong, ando; are inves-  was inserted in the furnace when the desired tem-
tigated versus the heating temperature. Moreover, the perature is reached and was extracted 3 hours after.
percolation temperaturép, a temperature for which ~ The annealing temperatures were 298, 523, 623, 723
the Pt nano-particles start to touch each other is esti- and 823 K. The maximal annealing temperature was
mated. imposed by the softening temperature of the float-
To shed-light on the above questions, we have in- glass substrate which is approximately 990 K. The
vestigated the thermal effect in a low temperature X-rays reflectivity measurements were conducted on
range of 298-823 K of a granular J2tAl,03 nano- a ©-20 reflectometery unit with a Gy, radiation
composite close to the percolation threshold so to 1.5405 A, covering an extensive range of momentum
promote a percolation process if any. The platinum Q7 =4rsin®/i, 0.2< Q7 <4.0nm L,
nano-particles volume concentration has been selected The transmission electron microscopy studies of
sufficiently almost near the percolation value. Three the nonannealed sample illustrated quasi-spherical
main rationales justify the present contribution which isolated platinum nano-particles of about 4 nm in av-
lies with the scope of the previous stufig]. Firstly, erage diameter well dispersed in the@ matrix 13.
understanding how the Pt nano-particles’ morphology The X-rays diffraction measurements indicate that Pt
changes with temperature would be advantageous innano-patrticles are polycrystalline while #&3; host
tailoring the physical properties for a given applica- matrix is amorphousrig. 1reports the X-rays reflec-
tion. Secondly, it seems that there is no exhaustive tivity profiles in a logarithmic scale versus the scatter-
experimental results within the literature in the consid- ing vectorQ ; for the 4 investigated heated samples in
ered temperature range except some works achievedaddition to the nonheated reference sample. At small
by transport measurements or transmission electron O, values, the incoming X-rays beam is totally re-
microscopy[8,9]. But as underlined in the previous flected giving rise to the plateau of total reflection in
paper7], the investigation by X-rays scattering in the each case. Over this region, usual Kiessig interference
considered grazing angle reflection mdd®,11] is fringes, due to the finite total thickness of the Pt—
more accurate regarding the statistical precision on the Al,O3 granular nano-structures, are observed. As well
determination of the nano-composite’s characteristics: established, this interference set characterizes the con-
102 and 1@ investigated particles for the X-rays and tinuous aspect of the nano-structufés However, to
transmission electron microscopy respectively while simulate the reflectivity profiles, the considered model
the electrical measurements do not provide a direct ex- of Fig. 2was the most adequate. It consists of a granu-
perimental evidence of the Pt nano-particles’ morpho- lar layer 2 sandwiched between two thin layers located
logical characteristics. Thirdly, a recent work shows at the substrate layer 1 and air layer 3 interfaces re-
that a new phase AD, corresponding to a minimum  spectively. This model which was initially considered
free energy can be formed and even stabilized at the Ptand treated theoretically by Rauscher ef@].seems
nano-particle/AdJO3 matrix interfacg12]. more realistic because the annealing should induce
an interfacial diffusion at the nano-structure/substrate
interface and a possibly a contamination at the nano-
2. Experimental results and discussion structure/air interface. The simulation of both total
reflection plateau and the Kiessig fringes set allows
A nonpercolated granular Pt—-AD3 nano-structure  to deduce the mean electron density, thickness and in-
of approximately 1003 nm in thickness is considered. terfacial roughness of each of the 3 layersHid. 2



Download English Version:

hitps://daneshyari.com/en/article/10727930

Download Persian Version:

https://daneshyari.com/article/10727930

Daneshyari.com


https://daneshyari.com/en/article/10727930
https://daneshyari.com/article/10727930
https://daneshyari.com

