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Figure S1. The experimental setup.

2. Detailed Description of Flow Fluctuation

When the flux is steady and small without fluctuations, a vertical array of carbon
nanotubes (CNTs) without branch junctions can be synthesized;!' ! if the flux is much
higher, the products are well-aligned CNT arrays oriented along the gas flow.[*”]
However, only when we introduce sequential flow fluctuation to the growth can
branched!"! or iron-encapsulating CNTs (Fig. 1) be synthesized. Therefore the flow
fluctuation plays a pivotal role in the branching or encapsulating process.

In a steady flow with small flux, the flow field is a stable laminar flow, in which
only a tiny, oriented and steady force acts on the CNTs, so CNTs usually grow
vertically on the substrate.!'! In a steady flow with much larger flux, a large, uniform
and oriented force causes the CNTs to orient along the flow while growing. However,
if we cause the gas flow to fluctuate by randomly turning the flow meter up and

down, the stable laminar flow will break down and the flow will become disordered,

randomly unsteady and apparently impossible to analyze exactly. This unsteady flow



can transmit randomly fluctuating pressures, variable viscidity movements and
velocity gradients to the surface of CNTs and catalyst particles, applying large
disordered forces on them, causing random vibration of the CNT array and catalyst
particles. This unsteady flow-induced vibration of tube arrays has already been

reported.[) Moreover, this unsteady flow can trigger vortex shedding or oscillating

(7]

flow," " which are two other important causes of flow-induced vibration. This

disordered vibration and movement can provide CNTs and catalyst particles with
large driving forces to break down the relatively stable state. Therefore, flow
fluctuation can cause the formation of new nanostructures in the VLS process that are

not present in the steady state.
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