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ABSTRACT

A one-pot self-assembly method for the growth of one-dimensional nanoribbons

of pyrene with high yield is reported. Nitric acid-treated pyrene molecules are

self-assembled to form nanoribbons at room temperature. Morphological

structure, composition, crystallinity and functionality of nitric acid-treated

pyrene have been studied by electron microscopy, X-ray diffraction, X-ray

photoelectron spectroscopy, energy-dispersive X-ray spectroscopy and Fourier

transform infrared spectroscopy. A significant modification in optical absorp-

tion and properties is observed in pyrene nanoribbons as compared to pristine

pyrene. Electrical resistive switching in dark and under illumination is observed

in single pyrene nanoribbons down to 100 nm width and length determined by

deposited nanoelectrodes of spacing * 500 nm, for the first time. Almost a

four-order enhancement in ON/OFF switching current ratio is observed under

illumination compared to that of dark, paving the way for small molecular

nanoassembly-based light-controlled memory devices in future.

Introduction

In recent years, nanostructures of small-molecular

organic materials have attracted much attention for

the development of novel optoelectronic devices due

to their low cost production over a large area, large

number of variety, ease of functionalization,

mechanically flexible devices via molecular design

and tuneable electronic and optical properties.

Among them, one-dimensional (1D) organic

semiconductor wires are currently in use as building

blocks for various electronic and optical applications

such as field effect transistors[1] [2], light-emitting

diodes[3], photo-switches[4], vapour sensors[5] and

optical waveguides[6][7]. A number of methods

including re-precipitation, solvent evaporation[8],

physical/chemical vapour deposition[9], template-

assisted growth[10] and electrospinning tech-

nique[11] have been employed to grow organic

micro-/nanostructures of different morphologies.
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Self-assembly is one of the techniques, generally

employing solvent exchange or non-solvent nucle-

ation methods, to grow 1D organic nanowires or

nanorods[8] [12]. In this method, large amount of

molecules are transferred from a saturated solution

into a relatively poor solvent to induce supersatura-

tion. The facet-dependent surface free energy leads to

the growth of molecules in one direction to form

nanoribbons or nanowires. However, controlling the

morphology and size in self-assembly of conjugated

organic molecules is a major challenge and aggrega-

tion during self-assembly for the growth of organic

nanostructure is one of them. Driving forces for self-

assembly are based on different intermolecular forces

like van der Waals interaction, hydrogen bonding,

coordination bonding, hydrophobic interaction, p–p
stacking, etc. Aromatic molecules generally stack

through p–p interaction, which leads to the formation

of 1D nanostructure by self-assembly. This p-stacking
greatly depends on the degree of functionalization of

oligoacenes. Interestingly, transistors fabricated

employing these organic nanostructures showed high

carrier mobility[13].

Presently, several groups have prepared benzoth-

iadiazole or benzoselenadiazole derivatives linked

with different electron donor units and studied their

properties[14][15][16]. But, there are very few reports

on 1D nanostructures (e.g. nanowires) synthesized

from pyrene. Zhang et al. [17] have synthesized

organic nanowire of different aspect ratio by the self-

assembly method using sodium dodecyl sulfonate

micelles as template and studied their optical prop-

erties. Feng et al. [18] have synthesized different

functional group-substituted pyrene nanostructures

and studied their optical properties. Formation of 1D

structure in the self-assembly method is of high

interest to researchers in developing novel nanos-

tructure materials.

Here, in this report, we have grown nitric acid-

induced pyrene nanoribbons of 2–6 microns in length

and width of around 100 nm using an easy and cost-

effective way. The nitric acid-treated pyrene

nanoribbons show attractive optical properties with

photoresponse over a broad spectral range. Although

there are very few results on electrical resistive state

switching of pyrene-based materials[19–21], till date,

no report has been found on light-controlled resistive

switching in pyrene nanostructures. We have

observed the light-induced resistive switching char-

acteristics for the first time using pyrene

nanoribbons. A four-order enhancement of ON/OFF

switching current ratio is observed under the illu-

mination, and the possible mechanism of transport is

discussed with the support of band energy diagram.

This report manifests pyrene nanostructure poten-

tially attractive for flexible light-controlled organic

memory devices in future.

Experimental

Synthesis of pyrene nanoribbon

Ten milligrams of pyrene (purity 99%) purchased

from Merck was solubilized in 10 ml of 70% HNO3

by stirring for 30 min to obtain a yellow transparent

solution. The mixture was then stirred for 30 min at

60 8C until it became reddish brown. Thereafter, the

reaction mixture was allowed to settle for 12 h at

room temperature. The precipitate was separated by

centrifugation at 10,000 rpm for 10 min. This cen-

trifugation process was repeated several times with

DI water to remove excess acid to reach the pH of

supernatant 7. Then, the resultant precipitate was

dried in an oven overnight at 60 8C at ambient

atmosphere. It was then solubilized into acetone for

further characterization and device fabrication. A

stepwise synthesis process is presented in Fig. 1.

Electrochemical characterizations: Cyclic voltam-

metry (CV) of as-synthesized pyrene nanoribbons

was performed using a Gamry potentiostat (Model

no: Interface1000). Tetrabutylammonium hexafluo-

rophosphate (TBAPF6, 0.1 M) was used as an elec-

trolyte. Pt disc, Ag/AgCl, 3 M KCl and Au were used

as the working, reference and counter electrodes,

respectively. The CV curve was measured in

chlorobenzene solution at a scan rate of 20 mV/s

within the window range of 0 to 1.5 V. The highest

occupied molecular orbital energy level was calcu-

lated from the oxidation onset potential (0.87 V)

using the following equation:

EHOMO ¼ � Eonset OXð Þ þ 4:8�EFOC½ � ð1Þ

where Eonset(OX) is the onset oxidation potential of

pyrene nanoribbon, 4.8 is the reference energy level

of ferrocene (FOC, 4.8 eV below the vacuum level)

and EFOC is the potential of FOC/FOC? vs. Ag/AgCl

(0.42 eV, as measured by cyclic voltammetry). ELUMO

was calculated using the following equation:

ELUMO ¼ EHOMO þ Eg ð2Þ
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where EHOMO and ELUMO are the HOMO and LUMO

energy levels and Eg is the optical bandgap of the

material.

Device Fabrication: For electrical characterization

of the synthesized pyrene nanoribbons, we have

fabricated nanodevices on interdigitated electrodes

with specific spacing using a two-step lithography

process, i.e. electron beam lithography in combina-

tion with photolithography. In the first step, larger

electrodes of Cr (10 nm)/Au (100 nm) were made by

photolithography process and were used to connect

them with the external electronic circuit. In the sec-

ond step, smaller electrodes of the same metals with

desired electrode spacing were fabricated using

electron beam lithography process and were linked to

the electrodes made in the first step. Pyrene-based

nanoribbons were then dispersed on the lithograph-

ically fabricated electrodes to connect them between

the electrodes. The length of the pyrene nanoribbons

connected by dispersing on predefined electrodes is

determined by the electrode spacing. In this paper,

we have reported two different devices D-1 and D-2

with different electrode spacing. Figure 2a shows the

schematic diagram of predefined electrodes fabri-

cated by a two-step lithography process, and Fig. 2b

(i) and (ii) shows the field emission scanning electron

Figure 1 Schematic of pyrene nanoribbons growth by solution-based self-assembly method and FESEM micrograph along with the size

histogram of synthesized pyrene nanoribbons.

Figure 2 a Schematic diagram of fabricated predefined electrodes

made by electron beam lithography process. b FESEM image of

the device. Magnified image shows pyrene nanoribbons connected

between two consecutive electrodes, (i) few no. of nanoribbons

connected between electrodes with spacing * 0.5 lm and (ii)

single nanoribbon connected between electrodes with

spacing * 1.3 lm.
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microscopy (FESEM) image of dispersed pyrene

nanoribbons on predefined electrode of spac-

ing * 0.5 lm (D-1) and * 1.3 lm (D-2), respec-

tively. Electrical characterizations were carried out

through the current–voltage characteristics using a

Keithley 4200-SCS semiconductor characterization

system at ambient in a probe station.

Results and discussion

Physical characterization

FESEM image and the corresponding histogram of

the pyrene nanostructures shown in Fig. 1 clearly

confirm the formation of nanoribbons having a length

of 2–6 microns and diameter of * 100 nm.

Transmission electron spectroscopy (TEM) image

of pyrene nanostructures is shown in Fig. 3a, which

corroborates the SEM results on nanoribbon mor-

phology. The selected area electron diffraction

(SAED) pattern indicates the amorphous nature of

pyrene nanoribbons (inset of Fig. 3a). However,

interestingly, it shows diffraction peaks in X-ray

diffraction pattern, as shown in Fig. 3b, indicating the

polycrystalline nature of pyrene nanoribbon. There-

fore, the irradiation of high-energy electron beam

(200 kV operating voltage), during TEM measure-

ment, may cause the transformation of pyrene

molecules from crystalline to amorphous phase [22]

detected in the SAED pattern. All peaks in the XRD

pattern are identified by ICDD No. 00–024-1855 for

pyrene. The peaks at 24.3� and 25.1� indicate the

linear alignment of the planes parallel to the surface.

On the other hand, peaks corresponding to (110) and

(220) planes indicate the direction of the top face

along the (110) plane [23].

Further, to analyse the composition of pyrene

nanoribbons, X-ray photoelectron spectroscopy (XPS)

of as-synthesized pyrene nanoribbon has been

acquired. High-resolution XPS spectrum of N1s of

pyrene nanoribbon in Fig. 3c shows two intense

peaks, one at 399.7 eV and the other at 405.6 eV. The

peak at 399.7 eV is attributed to the N–C=O func-

tional group, and the peak at 405.6 eV is due to NO2

functional group, respectively. Along with these

main two peaks, there are several other peaks due to

different nitrogen functionalizations of pyrene

moiety.
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Figure 3 a TEM image of as-

synthesized pyrene

nanoribbons. Inset shows the

SAED pattern on a single

nanoribbon b XRD pattern of

the as-synthesized pyrene

nanoribbons shows

polycrystalline nature c X-ray

photoelectron spectrum of N

1 s of nitric acid-treated

pyrene nanoribbon.
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For further confirmation of the presence of differ-

ent elements in the pyrene nanoribbon, we have

performed energy-dispersive spectrometry (EDS)

and observed the presence of nitrogen in addition to

carbon and oxygen in the organic nanoribbon

(Fig. 4a). As shown in Fig. 4 a, as-synthesized pyrene

nanoribbon contains substantial amount of nitrogen

(11.5% atom) leading to the surface functionalization.

To get further insight into the functional group

present in the pyrene, we have performed Fourier

transform infrared (FTIR) spectroscopy, and the

results are displayed in the spectrum shown in

Fig. 4b. FTIR spectrum of pyrene nanoribbon shows

an absorption peak at 1182.6 cm-1, corresponding to

the vibrational mode of C–N bonds. There are also

two prominent absorption peaks at 1340 and

1589.7 cm-1 responsible for vibrational N–O bonds

for symmetric and asymmetric stretching,

respectively.

Optical Properties

UV–visible absorption spectra of the pyrene

nanoribbons dispersed in acetone (1 mg/ml) are

shown in Fig. 5a. The characteristic absorption peaks

of pyrene nanoribbons appear at 407 and 584 nm,

whereas pristine pyrene before nitric acid treatment

shows a strong absorption peak at 280–295 nm,

attributed to the vibronic feature of pure pyrene

molecules. This higher energy absorption of the

pristine pyrene sample is attributed to the

intramolecular p–p* absorption[18]. More interest-

ingly, following nitric acid treatment, the absorption

edge is shifted towards a higher wavelength and is

broadened as well. This redshift of the absorption

band suggests a reordering of the aromatic frame-

work. The strong absorption peak at around 350 nm

indicates the aggregation of pyrene molecule. Zhang

et al. have proposed that for long nanowire the

absorption peak becomes prominent compared to

nanoparticles [17] and the trailing edge of the spectra

also becomes more pronounced due to the Mie scat-

tering effect [24]. More interestingly the absorption

peak broadens after nitric acid treatment, which is

attributed to the extended delocalization of p-elec-
trons over the large area of the molecule [25]. That is

the reason why the optical density of absorption band

as well as the band gap decreases in the case of

pyrene nanoribbon due to extended conjugation.

We have studied photoluminescence of both pris-

tine (bulk) and pyrene nanoribbons. The pristine

(bulk) pyrene in acetone (1 mg/ml) shows a strong

and broad excimer emission in the range 420 to

550 nm under the excitation of 376 nm source, which

is shown in Fig. 5b. Pyrene shows two emission

peaks, one in the range of 370–410 nm due to

monomer emission and the other at 420–500 nm due

to excimer emission. In our study, for pyrene, the

emission from monomer is substantially suppressed

by the excimer emission, whereas the spectrum of the

pyrene nanoribbons in acetone shows a broad emis-

sion from 400 to 650 nm with an extra prominent

emission peaks at 537 nm and another at 621 nm. The

peak at 537 nm is due to the excimer emission, and

the peak at 621 nm is due to the intramolecular

charge transfer band of pyrene nanoribbons. The

optical band gap of pyrene nanoribbon is calculated

to be 2.8 eV from the Tauc plot shown in Fig. 5c.

The HOMO and LUMO energy levels of as-syn-

thesized pyrene nanoribbons were calculated from

cyclic voltammetry (CV) measurement. The CV curve

in Fig. 5d shows a well-distinguished oxidation peak

within the voltage range of 0 to 1.5 V. The calculated

ONSET of the peak is 0.87 V. Therefore, the EHOMO is

calculated to be - 5.25 eV, using Eq. (1). Using the

Figure 4 a EDS and b FTIR

spectrum of pyrene

nanoribbon.
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optical band gap of pyrene nanoribbon, the ELUMO is

calculated to be- 2.45 eV from Eq. (2).

Electrical Properties

Electrical measurement was taken from two devices

with different nanoribbon lengths (for electrical

measurement, electrode spacing defines the

nanoribbon length): D-1 with length l = 0.5 lm and

D-2 with length l * 1.3 lm. Voltage is applied and

current is measured across the nanoribbons with a

Keithley 4200-SCS semiconductor characterization

system. During measurement, operating voltage and

current compliance were restricted to 0 to ± 4 V and

10lA, respectively, for D-1 and 0 to ? 10 V and

100lA, respectively, for D-2 to bypass possible device

breakdown. The voltage and current compliance

limits for two devices are set two distinct values due

to dissimilar nanoribbon length.

The I–V characteristics of the device D-1 for mul-

tiple cycles are shown in Fig. 6. All measurements

were taken at room temperature and ambient atmo-

sphere. The voltage bias was scanned as

0 ? ? 4 ? 0 ? -4 V, and the semi-logarithmic plot

of the I–V up to fifth cycles is presented in Fig. 6a,

which clearly shows hysteresis behaviour for both

forward and reverse bias. This hysteresis behaviour

is attributed to the charge trapping and detrapping in

the defect states of active materials, which contribute

to the memory effect. A double-logarithmic I–V

characteristic for the first positive half cycle is pre-

sented in Fig. 6b. The pyrene nanoribbon-based

memory device is initially in the high resistive state

(HRS), and the bias voltage varying from 0 to ? 4 V

is applied externally. The device remained in its HRS

during the positive voltage sweep, and at * 3.5 V, it

switches from HRS to low resistive state (LRS), with

the corresponding voltage defined as VSet or Vth and

electric field as ESet or Eth, where ESet = VSet/l, l being

the length of the nanoribbon connected between two

consecutive electrodes. During high to low voltage

sweep, the device maintained its LRS and at * 0 V

the device switches back to HRS. The voltage at

which it changes its state from LRS to HRS is called

VReset, and the corresponding field is called EReset. The

electrical transport phenomena like switching

depend on threshold field (ESet/EReset) and not on the

voltage (VSet/VReset) applied across the material. So,

the same material with larger electrode spacing may

require higher voltage to get switching. The same

type of RHS and LHS state is observed for reverse

bias too. One important parameter to use a device as

a memory is ON/OFF current or voltage ratio, which

clearly distinguishes between ‘0’ and ‘1’ states sup-

pressing the effect of noise. The ON/OFF current

ratio of pyrene nanoribbon-based resistive switching

Figure 5 a Absorption

spectra of pure pyrene and

pyrene nanoribbons;

b photoluminescence spectra

of pristine and pyrene

nanoribbons under an

excitation wavelength of

376 nm; c Tauc plot of as-

synthesized pyrene

nanoribbon; d CV curve of as-

synthesized pyrene

nanoribbon. HOMO and

LUMO levels are calculated

from CV curve and Tauc plot

using Eqs. 1 and 2.
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device reported here is quite high (ION/IOFF * 104).

The possible reason of superior ON/OFF ratio is due

to the single layer of pyrene, which creates a well-

defined interface between donor and acceptor mole-

cules. On the other hand, multi-layer is known to

create randomness due to excess boundary of donor

acceptor molecules, which reduces current. The

observation of electrical resistive switching in such

organic small molecular nanostructure is new and

needs a detailed study. We have checked the repro-

ducibility of switching behaviour in multiple devices.

Conduction mechanism

Several approaches have been presented to explain

the switching mechanisms of organic non-volatile

resistive switching memory devices in the studies.

Conduction mechanism in these devices can be

attributed to trapping and detrapping of charge car-

riers due to the externally applied electric field

[26, 27]. It implies that when the traps are fully

occupied by charge carriers, the device switches from

HRS to LRS at an applied bias of VSet or field ESet and

in order to bring it back to HRS, all the filled traps

must be emptied by applying a voltage (VReset) or

field EReset. One important point to note that it is not

the applied bias, but the electric field across the

electrodes which determines the transition from HRS

to LRS (ESet) or from LRS to HRS (EReset)[28]. EReset

could be of the same or opposite polarity of ESset

polarity depending on the nature of switching, i.e. it

is unipolar or bipolar [29]. Unipolar trapping and

detrapping occurs with the same polarity of applied

voltage. Bipolar detrapping occurs with polarity

opposite to that of trapping voltage [26]. In our case,

EReset (close to zero) is of the same polarity with ESet

signifying unipolar resistive switching in this mate-

rial. This implies that with increasing field, the charge

carriers start filling the trap states and once these

states are filled completely at the applied field ESet, a

sudden jump in the current value is observed. This

indicates the transition of the device from HRS to

LRS. During retracing the applied field from higher

to a lower value, the device maintains its LRS above

EReset field. Once the applied field reaches below EReset

(Fig. 6b), the trap charges are detrapped again and

the system gets back to its HRS. This trapping and

detrapping at two different voltages lead to a hys-

teresis in the I–V curve. Similar hysteresis loop is

observed for the negative cycle also.

The conduction mechanism taking place in our

device (D1) is well supported by double logarithmic

linear fitting I–V curves, as shown in Fig. 6c. The HRS

region can be fitted by the three curves with different

Figure 6 a I–V characteristics

of the pyrene nanoribbon-

based memory device (D-1) in

semi-logarithmic scale

measured with repeated

voltage scan (V = ± 4 V) up

to the fifth cycle. b Semi-

logarithmic I–V curve for

positive first cycle only.

c Double logarithmic of the

same, illustrating the gradient

values of linear fitted curves.
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slopes, which signify that the conduction mechanism

of the memory device can be explained by trap-con-

trolled space-charge-limited current (TCSCLC)

model. TCSCLC consists of multi-regions separated

by different slope values of the linear fitting plot, i.e.

the ohmic region (slope * 1), the Child’s law region

(slope * 2) and a region of sharp current increase

(slope[ 230) [27]. Initially, at a low voltage due to

the thermally generated charge carriers, the ohmic

conduction behaviour dominates (slope of 1.1). With

increasing voltage, charge carriers kept on increasing

and begin to fill empty traps. The space charge effects

are dominant, and the current–voltage behaviour

follows a quadratic nature (slope of 2). In this region,

the injected charge carriers fill the traps in the pyrene

nanoribbons. At a specific value of applied voltage

known as VSet, the available traps are completely fil-

led with charge carriers, resulting in an exponential

increase in current (I ?Vm), where the exponent m

is * 236. Following this transition, almost all the

traps with higher mobility are occupied by charge

carriers, turning the device into LRS, where it is again

governed by ohmic conduction, as suggested by the

slope value (slope of * 1.5–0.97) from the double

logarithmic curve in Fig. 6c.

The above mechanism can also be explained by the

energy band diagram of the device, as illustrated

schematically in Fig. 7. With the device under test,

pyrene nanoribbon is connected between Au elec-

trodes, the work function of which is * 5.1 eV. Pyr-

ene nanoribbon has HOMO and LUMO value

of * 5.25 eV and * 2.45 eV, respectively, as

obtained from the Tauc plot (Fig. 5c) and CV curve

(Fig. 5d) and well supported to the value of past

report [28]. Band alignment of the device in thermal

equilibrium is shown in Fig. 7a. Depending on the

polarity of applied bias, pyrene will act as a donor or

acceptor. The HOMO value of pyrene being lower is

almost close to the work function of Au; charge will

flow from Au to pyrene HOMO. On the other hand,

the charges will flow from pyrene LUMO to Au when

Figure 7 Schematic

representation of conduction

mechanism in different

conditions. a Band diagram of

the MSM device in thermal

equilibrium, b mechanism of

switching under applied bias,

c the photocarrier generation

and transport under

illumination.

Figure 8 Semi-logarithmic I–V curve of another pyrene

nanoribbon-based memory devices in the dark as well as under

illumination. No significant change in switching voltage is

observed, whereas the current for low resistive state (LRS)

increases to almost 103 times under illumination.
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bias is applied through the device as illustrated in

Fig. 7b.

Tuning of resistive switching
under illumination

As pyrene nanoribbons show strong optical absorp-

tion (Fig. 4a), we have also investigated resistive

switching under illumination using another device

(D2) (electrode spacing & nanoribbon length * 1.3

lm) and compared it with dark characteristics of the

same. Along with Keithley 4200-SCS semiconductor

characterization system, a broadband solar simulator

(AM 1.5, 100 mW/cm2) light was used as an illumi-

nation source. Figure 8a represents the resistive

switching in the dark with ON/OFF ratio * 103 and

is closer to the results as obtained in device D-1.

Although there is no change in the resistive threshold

field under dark and illumination, significant

improvement is observed in the ON current (LRS

current) under illumination, as shown in Fig. 8b, and

ON/OFF ratio is enhanced to * 107. Almost same

value has been observed in other functional pyrene-

based resistive devices reported recently [19–21]. We

have observed almost four order of increase in LRS

current, when the device is illuminated with light.

This large light-induced enhancement of LRS current

is attributed to the additional photogenerated charge

carriers under illumination. Photogenerated elec-

tron–hole pairs in pyrene nanoribbon are collected by

the Au electrodes before recombination due to tiny

electrode gap. Table 1 summarizes the performance

of the D-1 and D-2 devices in the dark as well as

under illumination. The device D-2 is switched to

LRS at * 9 V, whereas switching occurred in D-1

at * 3.5 V. This is due to larger electrode spacing

(* 1.3 lm) in D-2 compared to D-1 (electrode spac-

ing * 0.5 lm), and to get required field of switching

which is constant for a material, higher voltage is

applied in device D-2.

Under illumination, photocarriers are generated in

the pyrene nanoribbons and collected to the consec-

utive electrodes by the applied field across the

nanoribbons. Photogenerated electrons and holes are

accelerated to the Au electrodes by the externally

applied electric fields. Since the pyrene nanoribbons

are connected individually without creating any

junction in between two electrodes, it acts like a

cleaner and smoother conduction path for carriers,

which reduce the possibility of scattering or any other

effect that can interrupt carrier transport. This results

in a reduction in device current. Additionally, trap

charges also get ejected by absorbing light and pro-

mote to the enormous enhancement in device cur-

rent. Moreover, electrode separation is small

(1.3 lm); almost all the photogenerated carriers are

collected by the electrodes before recombinations

which contribute to the huge enhancement in device

current under illumination, as illustrated in Fig. 7c.

Although large enhancement in ON current is

observed under illumination, it does not have any

influence on resistive switching field as in other

inorganic materials like Pd/Al2O3/SiO2/Si[32], Ag/

NiWO4/Ti[33] and ITO/ZnO/TiO[34] devices

reported earlier. Our study reveals that the improved

performance of resistive state switching property

under illumination may open up future research

possibilities for electrical as well as optoelectronic

applications.

Conclusions

In summary, we have grown pyrene nanoribbons

using a simple one-pot synthesis technique and

investigated the optical and electrical characteristics.

Detailed characterizations reveal the formation of

polycrystalline pyrene nanoribbon. Resistive switch-

ing characteristics are observed in pyrene-based

nanoribbons deposited on predefined interdigitated

electrodes with * micron spacing. The ON/OFF

ratio in resistive switching is found to be * 104 with

a low operating voltage of * 3.5 V in these small

molecular organic nanostructure devices, which are

comparable to those using inorganic switching layers.

The resistive switching behaviour is explained by the

Table 1 Device performance

in dark and under illumination

conditions

Device Nanoribbon length (lm) Vth (Volt) Eth (Volt/cm) ON/OFF current ratio

D-1 0.5 3.5 7 9 104 104

D-2 1.3 9 6.9 9 104 103 (Dark)

9 6.6 9 104 107 (Illuminated)
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conduction mechanism of TCSCLC in HRS and

ohmic conduction in LRS. The ON/OFF current ratio

is significantly improved (* 4 order) under illumi-

nation, compared to the dark, attributed to the pho-

togenerated carriers participating in conduction. The

superior resistive switching property with light-con-

trolled tunability in pyrene nanoribbon opens up

possibility of using organic nanostructures as light-

controlled memory devices as well as optoelectronic

devices in near future.
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