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1. Methods – Ultramicrotomy-fabricated MoS2 based 2D nano-slits 

 

The method for fabricating 2D channels devices described here has been previously published1, 

where we demonstrated its effectiveness in producing precise 2D materials channel structures. 

This well-established technique involves mechanical exfoliation, wet transfer, and van der 

Waals assembly, followed by resin embedding and sectioning. In brief, 2D crystal flakes of 

MoS2 were prepared via mechanical exfoliation. These flakes were transferred onto silicon 

dioxide (SiO2) substrates using a wet transfer method, which involved etching SiO2 in aqueous 

KOH. Ultra-flat resin blocks were prepared as substrates for these 2D crystals or stacks by 

casting epoxy resin into a PDMS mold replicating a silicon wafer's surface. These resin blocks 

provided a stable and smooth platform for transferring the 2D crystals or stacks. 

To fabricate slit-shaped 2D channels, a van der Waals assembly was employed by stacking 

three exfoliated layers: top, bottom, and spacer layers. The top and bottom layers were 500 nm 

thick, while the spacer layer was around 8.4 nm. The spacer layer was made using electron 

beam lithography and dry etching techniques. The prepared stack were embedded in resin and 

sectioned using an ultramicrotome for subsequent analysis and device fabrication. Please refer 

to reference 1 for detailed experimental procedure for device fabrication. 

 

2. Power Spectral Density (PSD) analysis 

The DNA transloation data using Axopatch 200B is aquired using custom LABVIEW software. The 

translocaion data is acquired as 10kb files each, for entire acquisition time of the experiment. One of 

this time domain data file is used for the plotting using Power Spectral Densities using Transalyzer 

MATLAB software package. The figure S1 shows the flicker noise regime of ionic current signal. This 

noise is typically assosiated with mobility of ionic charge carrier, bubbles, electrode noise, and ion 

aggregations near channel2,3. 
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Figure S1. The linear fitting of PSD diagram using polyfit function in MATLAB to find the exponent. 

We have used 4 M LiCl with different voltages ranges, 200 mV (A), 300 mV (B), 400 mV (C) and 450 

mV (D). The exponent varies from 1.4 to 1.6 (the average value is 1.5). The corresponding MATLAB 

code is available in GitHub profile.  

 

3. Device stability before and after DNA sensing measurements  

 

  

Figure S2. Current vs voltage (I–V) characteristics of the MoS2 2D nano-slit device in 4 M 

KCl aqueous electrolyte, measured before (A) and after (B) DNA translocation experiments. 

These I–V curves show no significant change, indicating that there was no clogging of the 2D 

nano-slits or adhesion of biopolymers to the channel surfaces during the measurements.  

 

https://github.com/sajee32/Fitting/tree/43f0d5ed9d455c0ab335658b4b48539e54efdad1
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4. Opening of 2D nano-slit device 

Right after fabrication of 2D nano-slit device, we open channels and make the device 

conductive for ion transport. This is achieved via repeated cycling (repeated I-V cycles in 0.1 

M KCl aqueous electrolyte) as we explained in our previous work4. A gradual opening of 

channel with 0.1M KCl is given in Figure S3. After channels are fully open, I-V is recorded in 

1 M KCl aqueous electrolyte which shown in Figure S4.  

 

Figure S3. Gradual opening of 2D nano-slit channel device. The current-voltage (I-V) curves 

of MoS2 2D nano-slit in 0.1M KCl aqueous electrolyte across multiple cycles. This graph 

shows the gradual increase in ionic current indicating a slow opening of the nano-slit channel.  

 

Figure S4. Current-voltage (I-V) curve of MoS2 2D nano-slit in 1 M KCl aqueous electrolyte. 

The theoretical conductance for 1 M KCl is 0.26×10-7 S whereas measured conductance from 

our device is 0.40×10-7 S. 
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5. Additional DNA translocation data 

 

 

Figure S5. The DNA translocation data at 450 mV using 4 M LiCl electrolyte. A) A 

representative spike event, with a blockade amplitude of 0.29 and dwell time of 0.12 ms. B) A 

representative DNA translocation event through the channel, with a current blockade amplitude 

of 0.28 and dwell time of 28.4 ms. C) The recorded ionic current trace at 450 mV over 12 

seconds.  

 

 

 
Figure S6: A) The current blockade vs dwell time graph of spike events of DNA (5 kbp linear 

dsDNA) translocation at 100 mV through MoS2 based 2D nano-slit devices. B) and C) 

Representative figures of the spike events. 
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6. DNA Topology investigations 

 

Figure S7: Comparison of depth of current blockade signal for representative DNA folding. A 

single strand represents a current blockade of D = 0.22 nA, while double folded DNA represent 

approximately double current blockade, ~2D = 0.37 nA, confirming the folding of DNA.  
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Figure S8: A) Schematic of DNA translocating through a 2D nano-slit. B) – H) Nano-slit 

microscopy for understanding the topology of DNA folding types and corresponding current 

blockade signals. (I) Unfolded DNA, (II) semi folded DNA at left-end, (III) semi folded DNA 

on the right-end, (IV) two-times bent configuration in DNA, (V) partially folded DNA, (VI) 

fully folded DNA configurations and (VII) bent or partially folded DNA conformation. 
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Figure S9: The probability distribution of different DNA folding types. The corresponding folding 

types are as shown in Figure S8. 
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