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Abstract

Experimental Methods

The synthesis of quasi one-dimensional (1D) transition metal dichalcogenides (TMDs) has been challenging as traditional top-down fabrication methods struggle to get below the 10 nm threshold. As an alternative to top-
down approaches, in this study we synthesized quasi-1D ZrSe2 nanoribbons via a bottom-up synthetic approach using carbon nanotubes (CNTs) to template the growth of the material through geometric confinement.

Introduction

Traditional top-down fabrication of quasi-1D nanoribbons 
has shown limited success below the 10 nm threshold2 and 
introduced additional defects to the sample.3

As an alternative fabrication, Wang et al.1 used CNTs to 
template the growth of MoS2 nanoribbons. However, his 
liquid-filling method has several limitations. 

To create a more generalized platform, ZrSe2 nanoribbons were 
grown  from precurssors inside multi-walled carbon nanotubes 
(MWCNTs) via in-situ chemical vapor transport (CVT).

Figure 1. Bottom-up nanoribbon synthesis using carbon nanotubes
to template 1D growth.1

Figure 2. Sample preparation and synthesis of nanoribbons.

Characterization:
•TEM imaging was using a JEOL JEM-2010 TEM at an 
accelerating voltage of 80kV
•STEM imaging was done using the NCEM’s TEAM 0.5 at 
Lawrence Berkeley National Lab

Results & Discussion

Figure 3. TEM micrograph showing different views of nanoribbons (A) 
and a close up of the basal plane of ZrSe2 wtihin CNT (B).

Figure 4. High-angle annular dark field (HAADF) STEM images showing ZrSe2 nanoribbon lattices at 
(A) 2.5Mx and (B) 3.6Mx magnification.

TEM results:
•ZrSe2 nanoribbons with widths of 3-6 nm, lengths >100 nm and ~0.6 nm interlayer spacing
•Nanoribbons curled around the edges of tube within narrow regions of CNTs (< 5 nm)
•Most MWCNTs showed filling, no filling observed in single or double-walled CNTs
•Promising stability against oxidation and solvents

STEM results: 
•While bulk ZrSe2 shows the 1T polytype4, HAADF imaging showed ZrSe2 nanoribbons with lattices 
potentially in the 2H phase. More in-depth microscopy studies are required to confirm this claim.

Ongoing Efforts

Conclusion
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Future efforts will be focusing on:
•Improving the filling fraction of ZrSe2 nanoribbons 
•Expanding synthesis to other TMDs and boron nitride 
nanotubes
•Transport measurements to measure electrical 
properties

Here we have developed a successful pathway for 
the templated growth of narrow ZrSe2 nanoribbons 
via in-situ CVT. The synthesized nanoribbons exhibit  
promising stability against oxidation and solvents. 
This method may provide a generalizable platform 
for the synthesis of other TMD nanoribbons.
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Figure 5. Ongoing efforts on improving filling fractions (A) 
and transport measurements (B)
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