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[image: ]Fig. S1 (a, b) Low-magnification FE-SEM images showing micrometer-scale, flower-like agglomerates of needle-shaped crystals distributed non-uniformly over a background of fine nanorods. (c, d) Higher-magnification images of the same sample, showing randomly inclined, needle-like rods with tapered tips. Scale bars, 10 μm (a), 2.5 μm (b), and 500 nm (c, d). The agglomerates in (a) and (b) are not connected to the underlying seed layer in a common crystallographic orientation and are consistent with ZnO formed by homogeneous nucleation in the growth solution that subsequently sedimented onto the upward-facing substrate. Their presence supports the mechanism proposed in the main text: particulates that settle on the growth surface act as randomly oriented secondary nuclei and locally interrupt growth from the seed layer, which accounts for the loss of vertical alignment observed in Figs. 1(c), 2(b), and 2(c) of the main text
[image: ]Fig. S2 (a, c) Perspective-view FE-SEM images of nanorods grown on the SiO2/Si substrate, showing a dense array of discrete rods aligned close to the substrate normal with individually resolved hexagonal top facets. (b, d) Corresponding images of nanorods grown on the GaN-based LED substrate, in which neighboring rods are partially coalesced into laterally merged domains with flat top surfaces. Scale bars, 1 μm (a, b) and 500 nm (c, d). No sedimented agglomerates of the type shown in Fig. S1 are observed on either substrate, consistent with the removal of homogeneously nucleated species from the growth front in the downward-facing configuration. The larger degree of lateral coalescence on GaN relative to SiO2 is attributed to the small lattice mismatch (≈1.8%) between wurtzite ZnO and GaN, which promotes a high density of azimuthally aligned nuclei that can merge without forming high-angle boundaries
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