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Two-dimensional C3N based sub-10 nanometer Biosensor

S. Rani1, S. J. Ray1∗

1Department of Physics, Indian Institute of Technology Patna, Bihta 801106, India

Abstract

Detection and sequencing of various nucleobases are of immense usefulness that can revolutionise

future medical diagnostics procedures. On the other hand, the newly discovered 2D material, C3N

has demonstrated supreme potential for future nanoelectronic and spintronic developments due to

its unique sets of electronic properties and structural similarity with graphene. Here, we have in-

vestigated the effect of various nucleobases in the close vicinity of a C3N nanoribbon. Our extensive

calculations revealed significant changes in the transport behaviour in the presence of DNA/RNA

molecules. The transport response can be further modified through the (i) incorporation of doping,

(ii) presence of defects and (iii) concentration of the adsorbed molecule etc. Furthermore, in the the

presence of a gate voltage in a Field-effect transistor (FET) geometry, the conductivity response

can be improved significantly with a change ∼ 100% in the presence of an adsorbed molecule. The

observation of negative differential resistance (NDR) in the C3N system has also been reported

here for the first time. Our current observation demonstrates the usefulness of C3N system as a

next generation bio-sensor for the sequencing of various nucleobases, offering new leads for future

developments in bioelectronics, superior sensing architectures and sustainable designs.

∗Electronic address: ray@iitp.ac.in, ray.sjr@gmail.com
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I. INTRODUCTION

Biosensors are of crucial importance for medical diagnostics, environmental monitoring,

forensic investigation, security purposes etc. The advent of nanotechnology shows promises

towards the development of various nanoscale biosensors to offer rapid detection sensitivity.

The study of DNA detection and sequencing is indispensable for the cure of various types

of diseases and future medical development. The Sanger method [1] has been traditionally

used for sequencing of various DNA nucleobases, while in the recent times, nanopore based

sequencing methods [2–6] have been at the centre of attention due to its reduced cost and

simple design. Several recent developments have opened up the possibility of designing

nanopores [7–9] with faster operational performance through easier fabrication routes which

can be integrated for further scaling in various nanoelectronic architecture [10].

Among various 2D materials, Graphene, the first of its kind offers excellent mechanical

as well as electronic properties [11–13], but the absence of band gap limits its applica-

tion potential for switching and transistor design. The semiconducting state in this Dirac

Fermionic [14] structure can be introduced through Nitrogen (N) doping by varying the

N/C ratio, which has led to the recent discovery of 2D-polyaniline (C3N) in mono-layered

structure. In the 2D geometry, it forms a hexagonal honeycomb lattice similar to that of

Graphene which was synthesised recently [15, 16]. In the recent investigations, 2D-C3N was

found to be a hole-free indirect bandgap semiconductor with fascinating electronic [17–21],

mechanical [19], thermal [22, 23] and chemical [24–28] properties. In Field-effect transistor

geometry, an ultra-high ON/OFF ratio ∼ 5.5× 1010 was observed (significantly higher than

any standalone 2D-layer system) with carrier mobilities ∼ 180(220) cm2V−1s−1 [16].

Due to the enhanced surface to volume ratio, 2D materials have been found to be sensitive

to the presence of a neighbouring molecule [29–34]. In the current work, First-principles

based calculations are used to investigate the effect of the presence of various DNA/RNA

molecules on the transport properties of a Zigzag C3N nanoribbon (ZNR). Using Non-

equilibrium Green’s Function (NEGF) formalism, the current-voltage characteristics of the

ZNR was studied in 2-probe geometry in the presence and absence of the nucleobases.

Furthermore, we investigated the effect of (boron/sulphur) doping and defects at various

(edge/middle) locations on the ZNR. In addition, in a Field-effect transistor (FET) structure,

a gate voltage was used to fine-tune the transport properties. The changes in transport

2
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(a) (b) 

Scattering region 

FIG. 1: (a) Schematic representation of a C3N nanoribbon in a two probe configuration, consisting

of three parts, left electrode, right electrode and central scattering region. (b) The total energy of

C3N nanoribbon in various adsorbed/doped configurations.

properties after attaching DNA/RNA molecules indicates that it can be used in future bio-

sensing applications and sequencing of nucleobases.

II. COMPUTATIONAL METHOD

First-principles based calculations were performed to explore the electronic and trans-

port properties of the C3N nanoribbon. The transport properties in a two-probe configu-

ration were calculated using a Non-equilibrium Green’s Function (NEGF) [35] methodol-

ogy combined with Density Functional Theory (DFT) using Atomistic Toolkit [36]. The

self-consistent calculations were performed under the Gradient Generalised Approximation

(GGA) of the Perdew-Burke-Ernzerhof [37] exchange-correlational functional using double-

ζ polarised basis set and an energy cut-off limit of 185 Hartree. To avoid the interaction

between actual simulation box and its repeat image, a minimum vacuum space of 15 Å

was used along the non-periodic directions. Structural optimisation was performed before

starting any calculation by ensuring the force on each atom to be lesser than 10−3 eV/Å.

For the transport calculations, periodic boundary condition was set along the transport

direction with a Monkhorst-Pack [38] k-grid of 1 × 1 × 300 (300 along the transport direc-

tion) ensuring a convergence in the transmission behaviour. Within the NEGF formalism,

3
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TABLE I: Nomenclature of the C3N nanoribbon in various cases

Name Description

ZP Pristine C3N nanoribbon
ZMB Middle atom of C3N doped with boron
ZMS Middle atom of C3N doped with sulphur
ZEB Edge atom of C3N doped with boron
ZES Edge atom of C3N doped with sulphur
ZPA Adenine molecule attached on the edge of pristine C3N
ZPC Cytosine molecule attached on the edge of pristine C3N
ZPG Guanine molecule attached on the edge of C3N
ZPT Thymine molecule attached on the edge of C3N
ZPU Uracil molecule attached on the edge of C3N.

the current was estimated using the Landauer-Büttiker formula [39, 40] given by,

I =
2e

~

∫ eV/2

−eV/2

T (E, V )[fL(E − µL)− fR(E − µR)]dE (1)

where T(E,V) is the transmission function at an energy E, bias voltage V and fL/R(E, µL/R)

is the Fermi distribution and µL and µR are the electrochemical potentials of the left and

right electrodes respectively.

III. SYSTEM DESCRIPTION

The central structure used in this investigation is a 11 × 2 supercell of zigzag C3N

nanoribbon. The C-C and C-N bond lengths of C3N are 1.404 Å and 1.403 Å respectively.

The unit cell of C3N has a lattice constant of a = 4.862 Å , b = 4.862 Å along the zigzag

and armchair directions respectively [10, 21]. We have used various acronyms to represent

different configuration considered in this work, which are named as the following; (i) Z for

Zigzag, (ii) P for pristine, (iii) M and E represent middle and edge locations and (iv) B, S

symbolise boron and sulphur doped atoms. A total of five DNA/RNA molecules were used

in this investigation, which are Adenine (A), Cytosine (C), Guanine (G), Thymine (T) and

Uracil (U). A list containing the details of such nomenclature is given in Table 1 and the

rest can be found be Table S1 in the supporting information [41].

4

Page 4 of 19Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t

Pu
bl

is
he

d 
on

 0
8 

A
pr

il 
20

20
. D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

it&
#2

33
; d

e 
Pa

ri
s 

on
 4

/1
1/

20
20

 4
:0

2:
23

 P
M

. 

View Article Online
DOI: 10.1039/D0CP00546K

https://doi.org/10.1039/d0cp00546k


IV. RESULTS AND DISCUSSIONS

A. Pristine system

A sample schematic explaining the 2-probe transport geometry of the ZNR is shown in

Fig. 1a. Two semi-infinite electrodes are connected to the central scattering region from left

and right sides, named as L/R electrodes. In the 2-probe geometry, it was observed that the

planar adsorption configuration (ZNR and Molecule in the same plane) considered here offers

maximum energy advantages for all the molecules and therefore, this configuration is used

throughout this work as also illustrated for different molecules in Fig.S1 in the Supporting

Information (SI) [41]. The total energy of ZP was found to be -9171.9 eV, whereas in the

adsorbed configuration, it reduces significantly (< −11124 eV) for ZPA, ZPC , ZPG, ZPT and

ZPU as shown in Fig. 1b. Such reduction in energy is possible as a result of the interaction

between the energy levels of C3N and attached molecules. As we compare results between

them, the maximum reduction in energy was estimated to be 28.89% for ZPG. In the

adsorbed configuration, the carriers can delocalise over a larger space on the nanoribbbon,

resulting in a further lowering of the energy and it also holds true for other molecules in

their adsorbed configurations. Details of the adsorption energy of the nucleobases has been

shown in Fig. SI9 of the SI [41].

The current-voltage (I-V) characteristics of the ZNR in the pristine and adsorbed (with

Adenine) configuration has been illustrated in Fig.2a. In the pristine configuration, an

increase in current can be observed from V = 0 towards the higher voltages. However, in

the adsorbed configuration, a reduction in current is found at higher voltages as a result of

the additional scattering induced by the attached molecules on the ZNR. It is also visible

from the transmission spectrum in these two cases as shown in Fig.2b. The maximum

conduction states lies around the Fermi energy level (EF = 0) within an energy range of

-0.48 to 0.25 eV having a transmission coefficient up to 1.65 for ZP , which gets reduced on

adsorption. Although the overall transmission pattern between the energy range of -1 to 1

eV stay similar, but the value of transmission coefficient is drastically reduced in adsorbed

configuration. It can arise due to the interaction between the atomic energy levels of adenine

molecule and C3N monolayer. A similar reduction in the transmission coefficient was also

found for other DNA/RNA molecules adsorbed on the ZNR i.e about 40%, 39.6%, 37.5%,
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(d) 
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(a) 

FIG. 2: (a) The current voltage characteristics and (b) Transmission coefficient of C3N monolayer

in pristine and adenine adsorbed configuration at a bias ∼ 0.1 V. (c) I-V characteristics of C3N

adsorbed with various DNA/RNA molecules. (d) The transmission spectrum corresponding to the

different points A, B, C, D, E in Fig. 2c for ZPU . (e) The peak to valley ratio and (f) switching

efficiency of C3N nanoribbon in pristine and various adsorbed configurations.
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(a) (b)

FIG. 3: The IV-characteristics of boron and sulphur doped ZNR at (a) middle and (b) edge

location in the pristine and adsorbed configuration.

42.8% and 43.8% for ZPA, ZPC , ZPG, ZPT and ZPU respectively near the Fermi level as

estimated from the transmission spectrum given in Fig.S2 [41]. The inter-atomic interaction

between C3N and DNA molecules are the prime suspects behind this reduction in the value

of transmission coefficient. In the presence of Adenine, the maximum reduction in current

is observed to be ∼ 125µA, around 85% lower than the current measured in the pristine

configuration. Such a huge change of conductivity response in the presence of an adsorbed

molecule suggests that the ZNR is sensitive to the presence of a nucleobase, which can be

used for sensing such molecules.

The current-voltage characteristics of C3N and various DNA/RNA molecules attached

on the C3N monolayer are shown in Fig. 2c. A general trend of oscillatory behaviour of

current can be observed with increasing bias voltage in these adsorbed configurations. In

the case of ZPU , this behaviour constitutes of a linear increase in current between 0 → 0.4

V, (b) followed by decreasing between 0.4V → 1V, (c) again increasing from 1V → 1.75

V and (d) decreasing thereafter. The reduction in current with an increase in voltage is a

signature of negative differential resistance effect (NDR) which has direct applications in

oscillator, frequency modulators etc. and is observed in the C3N system for the first time.

This NDR response can be explained from the evolution of the transmission spectrum at

different bias voltages (respective points marked as A, B, C, D, E), which represent the sum

of the probability of all the electrons moving in a two probe system as illustrated in Fig.2d.

At zero bias, the transmission window is absent, which at 0.4 V reaches a maximum of 2.46.

Compared to this, the T(E) value is reduced at 0.8V, despite having a larger bias window

7
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for integration. The current increases after 1.2V as the value of transmission is increased

along with a larger bias window for integration and the value of current is reduced at 2V to

29.1µA, which can be clearly observed from the reduction in the transmission as shown in

Fig.2d.

To further quantify the NDR effect in ZNR under different conditions, we have used

two different parameters [42] which are relevant for evaluating the performance of device

operation. These are defined as,

PVR =
Ipeak
Ivalley

(2)

SE =
Ipeak − Ivalley

Vpeak − Vvalley

(3)

PVR stands for peak to valley ratio and SE indicates switching efficiency, where Ipeak, Ivalley

and Vpeak, Vvalley are the current and voltage in peak (point A in Fig.2c) and valley (point

B in Fig.2c) position in the I-V curve.

The distribution of the PVR and SE for various cases has been shown in Fig.2e and Fig.2f

respectively. It is to be noted that no NDR was not observed in the pristine configuration

and it was only observed upon introduction of dopant atom and attachment of DNA/RNA

molecules to the ZNR. The PVR of the ZPU system is found to be 2.08 which is almost double

in magnitude than the other adsorbed configuration like ZPA, ZPG, ZPT (with comparable

values). The switching efficiency on the other hand is of equal magnitude for ZPG, ZPT , ZPU ,

while the lowest is observed for ZPC with a value of 1.2 µA/V. Combining the PVR and SE,

Uracil attachment seems to offer maximum sensitivity towards the NDR response compared

to other molecules. The observation of NDR on adsorption of a foreign molecule indicates

the tunability obtained in electronic behaviour of a ZNR in the presence of a DNA/RNA

molecule.

B. Effect of Doping

To understand the effect of doping, we have considered both p/n-type dopants, namely

boron and sulphur at two different locations middle/edge. It was performed by selectively

placing the dopant atom at the desired site as shown in Fig. S3(a-d) [41]. Here, we have

also examined the effect of doping on ZNR with various attached DNA objects. The total
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S
E
(μ
A
/V

)
(b)(a)

P
V
R

FIG. 4: (a) IV-characteristics and (b) PVR and Switching efficiency of C3N nanoribbon for different

concentration of adsorbed adenine molecules.

energy gets reduced on sulphur doping and increase on boron doping at both edge and

middle locations. However, it does not change much with a change in the doping locations

on the ZNR as shown in Fig.1b. The total energy gets further reduced after adsorption of

the DNA molecules.

The current-voltage characteristics of ZNR doped with sulphur/boron atoms at mid-

dle/edge locations is shown in Fig. S4 [41]. Clear signature of current oscillations is ob-

served indicating the presence of NDR in the doped system independent of the doping

type/location. In addition to this, there is a reduction in current in the presence of the

dopant atoms in the ZNR. It was observed that in the doped system, the amount of cur-

rent flow is relatively higher for edge doping compared to the middle doping between a bias

range of 1.2→2.0V. In the presence of Adenine, the I-V characteristics in various doped

configurations is shown in Fig. 3(a-b). The amount of current flow is decreased in doped

C3N as a result of adsorption as explained in respective cases at 1.2 V; (i) 33.7 µA for ZMB,

(ii) 24.2 µA for ZMS (iii) 30.7 µA for ZEB, (iv) 30.7 µA for ZES. However, the oscillatory

behaviour of the IV-pattern giving rise to the NDR features earlier, is also present in the

Adenine adsorbed configurations and for other DNA/RNA molecules as well. The reduction

in current flow is also common for other DNA/RNA molecules for both dopant types and

locations. The transmission spectrum in various cases have been shown in Fig. S11 in the

SI [41].

The PVR and SE estimated for all the molecules in the doped configuration is given

in Fig. 2(e-f). For adenine, maximum PVR of 1.5 and SE equal 32 µA/V was found for
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ZMBA and the PVR stays between 1.23-1.27 for other doped configurations, while the value

of SE is reduced drastically between the range of 6-32 µA/V. The PVR for C, G, T and

U adsorbed cases are estimated at (i) 1.38 for ZMB, (ii) 1.48 for ZMS, (iii) 1.46 for ZEB

and (iv) 1.23 for ZES. Except adenine and uracil, these values are higher than PVR values

calculated in respective unadsorbed configuration. A varied distribution of SE was observed

for various doping configuration in the presence of DNA/RNA molecules. The maximum SE

for A, C and U molecules were found for ZMB configuration with values of (i) 32 µA/V, (ii)

30.3 µA/V (C) and (iii) 29.8 µA/V (U). For C and U these values are significantly higher

compared to other configuration as illustrated in Fig. 2f. Comparable values of SE were

estimated for G and T adsorbed configurations (ZMB and ZES) with values of 16 µA/V

(ZMBG), 18.3 µA/V (ZESG), 18 µA/V (ZMBT ) and 16.7 µA/V (ZEST ). These values are

higher than the values estimated for unadsorbed cases. The overall pattern of SE suggests

that ZMB offers a maximum in SE for the adsorbed molecules. The PVR on the other hand

does not show any such marked contrast between different doping geometries. Overall, the

changes in SE are significantly large as a result of doping and adsorption. Combining the

PVR and SE response, it can be concluded that ZMB is preferred for adenine, cytosine, uracil

while both ZES and ZMB offer equally good performances for guanine and thymine adsorbed

cases in terms of NDR performances. It suggests that the NDR related performances in

C3N nanoribbon can be improved through charge doping and adsorption of DNA/RNA

molecules, offering additional tunability for related applications.

C. Effect of concentration

The effect of concentration of DNA/RNA molecules on the transport behaviour of ZNR is

illustrated in Fig. 4(a-b). The concentration of adenine molecule attached to ZNR was varied

from one molecule to four molecules, attaching them to the single/both edges as given in Fig.

S5 [41]. These configuration are named as ZPA (one adenine molecule attached to ZP ) and

ZPA2, ZPA3, ZPA4 for similar configurations with 2, 3, 4 adenine molecules respectively. With

an increase in the number of attached molecules the total energy becomes more negative.

The reduction in energy is 24.18% (for ZPA), increasing to 93.8% (ZPA4) compared to ZP .

The adsorption energy (Ea) of 1, 2, 3, 4 numbers of adenine molecules was found to be

1.13 eV, 1.91 eV, 2.46 eV and 2.75 eV on ZP respectively, which suggests an enhancement

10
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S E
(μ

A
/V

) 

(d)(c)

(a) (b)

FIG. 5: The IV-characteristics of C3N ZNR in various defect configurations in (a) unadsorbed and

(b) adenine molecule adsorbed scenario. (c) The peak to valley ratio and (d) switching efficiency

of C3N nanoribbon in various defect geometries.

in the interaction between the layer and molecule with the increase in concentration of the

molecule.

The current voltage characteristics of above mentioned system is given in Fig. 4a. At

low applied bias, the I-V profile is similar for all the four cases which shows measurable

dispersion. At higher applied bias between 1.2 - 2 V, the maximum current was measured

for ZPA4 and minimum for ZPA2 and ZPA3, with a maximum difference of 20.5 µA at 2 V, the

periodic modulations of the I-V pattern indicates the presence of NDR in all the attached

configurations. The maximum PVR of 1.7 was estimated for ZPA2 and ZPA3, while the

maximum of SE equals 12 µA/V for ZPA4. In terms of NDR response, ZPA4 offers the best

combination of PVR and SE among all the configurations. However, the effect of molecular

attachment was preferential to a specific side. In the present analysis, current enhancement

is higher when the adenine molecule is attached at the bottom part of the nanoribbon.
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D. Effects of Defects

In order to study the effect of defects on the properties of C3N nanoribbon, three separate

defect configurations were investigated in the present work. These are namely; (i) single

vacancy (SV), (ii) double vacancy (DV) and (iii) stone wales (SW) as shown in Fig. S6

(a-c) [41]. Single vacancy defect (ZSV ) refers to a position in which a single atom is absent

from the normal lattice site in nanoribbon. In case of Double vacancy defect (ZDV ), two

neighbouring atoms are removed from their regular lattice site and for stone wales defect

(ZSW ) two neighbouring atoms undergo a 90◦ twist. The total energy of the ZNR in various

defect configurations in the unadsorbed/adsorbed cases is shown in Fig. S6(d).

The I-V characteristics of various defect configurations are shown in Fig.5a. it was ob-

served that there is reduction in current as defect is introduced in C3N nanoribbon. The

oscillating behaviour of current-voltage characteristics indicated the NDR behaviour which

was further quantified from the PVR and SE behaviour as shown in Fig 5(c-d). In Fig. 5a,

major dispersions in I-V pattern was observed at higher applied voltages between 0.75 - 2V.

For example, at 1.85V, 70.5µA current flow across ZDV which is 8.6µA and 35.9 µA higher

than ZSW and ZSV respectively. The transmission spectrum in respective cases is shown in

Fig. S12 in the SI [41]. In the adenine molecule adsorbed configuration in Fig.5b the I-V

patterns are well dispersed over the entire bias range 0.85-2V. Overall the current is higher

for ZDV A compared to ZSWA followed by ZSV A. This suggests that the I-V response can

be tuned with specific type of vacancy in ZNR. At 2.0 V the current in all the defect ad-

sorbed configurations (ZSV A, ZDV A, ZSWA) are higher than ZPA with a maximum difference

of 29.9 µA. The NDR feature is also prevalent for ZSV , ZDV A, ZSWA. Similar modulation

in I-V pattern was also observed for various DNA/RNA molecules attached in the presence

of various defect configurations. In Fig. 5c, the PVR is highest for ZSV A followed by ZSV C ,

ZSWU and ZSWA. Among various defect configurations; SV for adenine (A), cytosine (C),

guanine (G), thymine (T) and SW for uracil (U) offer maximum PVR. The SE in Fig. 5d

also follows a similar trend, with highest SE for adenine, cytosine, guanine and thymine in

SV configuration and DV for uracil. It can be clearly seen that the PVR and SE values are

enhanced in the presence of defects in the nanoribbon in various adsorbed configurations.

Considering the changes in the I-V pattern, PVR and SE response, it can be clearly men-

tioned that defect is an effective way to tune the transport behaviour of the ZNR which can
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be very useful for detecting the presence of a specific nucleobase. In the presence of vacancy

or dopant atoms in the nanoribbon, the transmission pathways change significantly from the

pristine case, which is an usual suspect behind the observed changes in current.

FIG. 6: IV-characteristcs of C3N ZNR in the presence of a gate voltage in a FET geometry, (inset)

Schematic representation of the FET structure.

E. Effect of Gate on C3N

In the presence of a gate electrode, the carrier density can be controlled locally in a

nanoribbon which is commonly used in a FET structure. In the present study, we have

designed FET structure to understand the effect of gate electrode on transport properties

of zigzag C3N nanoribbon as shown in the inset of Fig. 6. The central region of C3N

monolayer is connected with a metallic gate electrode through dielectric layer of dielectric

constant ∼ 10ε0. The source and drain electrodes are made of ZNR. It offers the advantage

of absence of potential barriers arising from metal-semiconductor contacts and its effect on

transport properties. The I-V pattern for various gate voltages in the pristine and adsorbed

configurations is shown in Fig.6. In the pristine case, significant changes in the current is

observed with a maximum enhancement ∼ 15 µA (94.26%) from Vg = 10 V to 20 V. In

the adenine adsorbed case, the difference stays of similar magnitude (∼ 14.24µA). However,

the value of current is reduced for ZP from Vg = 0 to Vg = 10V, which is clear from the

transmission spectrum given in Fig. S10 in the SI [41]. The maximum reduction in current

at Vg = 20 V is 14.9 µA (at 0.633V) corresponding to a nearly 100% change. Similarly at Vg

= 10V, a change in current of 8.48 µA was observed at 2V applied bias. These results suggest
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that applications of a gate voltage is an effective way to control the transport behaviour of

a C3N nanoribbon, which in the presence of an adsorbed molecule shows distinct changes

as desired for sensing application. This can be very useful for the control and tuning of

the performance of a C3N based biosensor, without making any permanent damage to the

structure [43, 44].

F. Experimental feasibility and detection sensitivity

(a)                                                                                                   (b)                    

FIG. 7: Variation in the Sensitivity of C3N nanoribbon (a) in the presence of DNA/RNA nucle-

obases and (b) at different gate voltage towards adenine (A) molecule.

DNA sequencing is experimentally performed using various solid state nanopores made

with: (i) protein like alpha hemolysin/MspA porin [45–48], (ii) silicon/glass membrane

[7] or (iii) 2D-material like Graphene/MoS2 [49]. Typical dimension of the nanopore lies

between 2 - 25 nm diameter, which can be produced using ion-beam sculpting, electron

beam lithography etc. During the sequencing process, DNA-bases are passed through the

nanopore with a very high speed (in the order of 1 - 10 nucleobase per microsecond) in the

presence of an applied bias of 10 - 100 mV and the resulting ionic current is measured ∼

nA. The thermodynamic response of the sequencing process can be simulated using MD

(Molecular dynamics) which also predicted a current of similar order of magnitude in a time

scale ∼ 300 ps.

The sensitivity of detection of a specific nucleobase can be defined as,

S =
(Ip − Iad)

Ip
× 100% (4)
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Where Iad and Ip are the values of current(s) in the presence and absence of nucleobase,

respectively. The sensitivity (S) of various nucleobases on pristine C3N is illustrated in Fig.

7a. The maximum S was estimated for U (86.4%) with minimum of (76.5%) for G. The

sensitivity was found to increase moderately with an increase in the concentration of the

nucleobase, which for adenine (A) molecule varied between a range of 84.8% - 88.96% as given

in Fig. S8a in the SI [41]. In the presence of defect in nanoribbon, it reaches to highest value

of 95.61% for Adenine in the presence of single vacancy. In the presence of a gate voltage,

the highest sensitivity is observed at Vg = 0V with a value of 77.65% for Adenine, which

however reduces with an increase in the Vg. Details of sensitivity estimated for C3N under

different circumstances can be found in Fig. S7 and Fig. S8 in the SI [41]. Earlier studies

suggests that the sensitivity is significantly higher than graphene and of similar order of

magnitude with MoS2 based systems [50, 51]. However, the current estimated in our case ∼

100 µA range, which is significantly higher than these systems and also offer a large change

in current on adsorption of the DNA molecule. In the sub-10 nm structure as used in the

present investigation, C3N offers a range of superior attributes which makes it a potential

candidate for DNA/RNA detection and biosensing applications.

V. CONCLUSIONS

In this work, we have investigated the transport properties of a newly discovered 2D mate-

rial, C3N through first-principles based NEGF-DFT methodology in the proximity of various

DNA and RNA nucleobases. The energy calculation revealed that the system becomes more

stable in the adsorbed configuration, while the current-voltage response demonstrates dis-

tinct changes between the pristine and adsorbed configurations. For Adenine, it offers a

maximum change in current of 125 µA (85%), suggesting its usefulness as a sensor of such

molecules. Further tunability of the transport response can be obtained in the presence

of doping and defects. Extensive studies revealed that edge doping is more effective than

centre doping, offering a higher level of conduction, while significant changes in the current

is observed for various defect geometries as well, with a maximum in the presence of DV in

the ZNR. Increase in the concentration of attached molecules resulted in an increase in the

conduction, however, specific to the adsorbed geometries. In the presence of a gate voltage,

an almost 100% change in the current is observed between the pristine and adsorbed config-
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uration, offering an effective way to control the sensing response in a non-invasive manner.

The observation of NDR has been reported for the first time in the C3N ZNR system, which

was quantified via the estimation of PVR and SE with value > 30 µA/V. Our current obser-

vations demonstrates the usefulness of C3N nanoribbon for the sensing of various DNA/RNA

nucleobases and various biological objects. It also offers an effective route to design next

generation sequencing architectures, label free biosensor of superior sensitivity and energy

efficient nanoscale designs etc.
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