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Abstract - The synthesis of titanium and zirconium oxide in the nanometric range is reported by a novel route based on the
decomposition of peroxide complexes of the two metals under hydrothermal soft conditions, obtaining metastable and stable phases in
both cases through transformation. High-resolution transmission electron microscopy analysis reveals the existence of typical defects
relating to growth by the oriented attachment mechanism in the stable crystals, suggesting that the mechanism is associated to the
phase transformation of these structures.

It is generally understood that, in the synthesis of nanomaterials, many metastable structures appear
as preferential in nanometric range, without the addition of dopants or constriction by a matrix.” The
occurrence of stable phases is observed only in some specific cases, often associated with anisotropic
shapes. Recent investigations into oriented attachment crystal growth have demonstrated that this
mechanism favors the formation of anisotropic nanocrystals by the coalescence of two or more nanocrystals.
Thus, one can assume that the fast growth and the anisotropic shapes obtained can give rise to other
phenomena relating to shape and size, such as spontaneous phase transformation. In this work, it is shown
that the phase transformation of two well-known oxide systems — TiO, and ZrO, — is followed by crystal
growth by the oriented attachment mechanism. To this end, a hydrothermal route under soft conditions,
based on the decomposition of peroxide complexes of the two metals, was used. The morphology and
particle size distribution of both systems were characterized using transmission electron microscopy (by
image statistics) and X-ray diffraction patterns, using Scherrer equation to estimate sizes in several
crystallographic directions. A general correlation of the growth by oriented attachment, leading to anisotropic
nanoparticles, and the stabilization of non-expected phases in the measured sizes (TiO; rutile, as shown in
Fig. 1 and ZrO, baddeleyte) was observed, suggesting that the mechanism is associated to the phase
transformation of these structures. It should be noted that the role of oriented attachment is to modify the
Area/Volume relation in the formed particles, favoring or not (as in the case of ZrO, tetragonal, in Fig. 2) the
phase transformation according the exposed crystallographic planes after the event — that can be interpreted
as the minimization of the total surface energy related to the phase stabilization in non-spherical shapes.

Figure 1: TiO; — rutile nanoparticle with lateral coalescence Figure 2: ZrO; — tetragonal nanoparticles coalesced
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