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S1. Observation of metal clusters in SWNT. 

The order of reactivity, W < Re < Os, for the different metals towards SWNTs was 

consistently observed for different samples (in total, 12 different samples were investigated) 

and on different TEM instruments, including a conventional JEOL 2100F microscope 

(Nottingham), a CS-corrected FEI Titan 80-300 microscope (Ulm) and a Zeiss Libra 200MC 

microscope (Oberkochen). Regardless of the exact observation conditions, size, shape and 

orientation of metal clusters, Os was always observed to be most reactive and W the least 

reactive metal. 
 

In total, 15 aberration-corrected and 22 conventional TEM image sequences were observed 

for the three metals. The same minimum electron dose (>8·10
9
 e

-/
nm

2
) was maintained during 

each observation period to ensure direct comparison between the metals.  All time series 

consistently demonstrate the order of reactivity W < Re < Os. Below, Figures S1-S3 

summarise and illustrate the results of typical HRTEM and AC-HRTEM observations. 

 

Supporting videos are enclosed as AVI-files illustrating the behaviour of each metal. 
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Figure S1. HRTEM large field of view images of metal clusters distributed within carbon nanotubes 

(a-c). HRTEM (d, e) and AC-HRTEM (f-h) time series images illustrating the interactions and 

reactions of Os-clusters with SWNTs (see the discussion in the main text). 
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Figure S2. HRTEM large field of view images of Re-clusters inside SWNTs (a-c). AC-HRTEM 

images showing examples of Re-clusters interacting and protruding through the nanotube sidewall (e-

g), and time series images illustrating the interactions of Re-clusters with SWNTs evolving over time. 

In contrast to the Os-cluster series (Figure S1), no nanotube cutting events was observed for Re (see 

the discussion in the main text). 
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Figure S3. HRTEM large field of view images of W-clusters inside SWNTs (a-c). HRTEM (d) and 

AC-HRTEM time series images (e-g) showing much lower reactivity of W towards the inner surface 

of SWNTs as compared with Re and Os (see the discussion in the main text). 
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S2. Observation of metal clusters in SWNT using 20 keV e-beam 

To evaluate the role of the e-beam energy for osmium – nanotube interactions, we repeated 

time series measurements at 20 keV using a Zeiss Libra 200MC/SALVE (Sub Angstrom Low 

Voltage Electron Microscopy) prototype microscope with imaging-side Cs-corrector and 

monochromator (∆E <0.15 eV). To enable direct comparison between 80 keV and 20 keV 

experiments, the electron dose on the specimen was carefully controlled. The specimen was 

irradiated with an electron flux of j = 6.54·10
5
 e

-
/ nm

2
/s and a total dose of d = 9.3(±0.6)·10

9
 

e/nm
2
. At 80 keV Os-clusters start reacting with the SWNT at half of that dose forming 

defects and constrictions, which leads to subsequent SWNT rupture. However, at 20 keV Os-

clusters adhering to and slowly creeping along the inner surface of SWNT exhibited no 

reactions with the nanotube. Thus, no constrictions, rupture or any other permanent structural 

modifications of the SWNT sidewall were observed under these conditions. The significantly 

reduced reactivity of Os-clusters at 20 keV was reproduced in 6 different time series. These 

results demonstrate that the energy of the incident electrons is critically important for 

triggering reactions of Os-clusters with SWNTs, and the e-beam with suitably tuned energy 

can be used as an external force to stimulate and control chemical reactions in carbon 

nanostructures. 

 

Figure S2. AC-HRTEM time series images of the irradiation experiment using 20 keV e-beam over 

90 min and a total electron dose of d = 9.3(±0.6)·10
9
 e/nm

2
. No constrictions or ruptures of the SWNT 

were observed under these conditions, while Os-clusters appeared to be adhering and moving slowly 

along the nanotube sidewall (nanotube diameters are 1.5 nm). 


