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ABSTRACT:

The effect of the density of active molecules in molecular junctions (MJs) has been investigated by using a host/guest strategy. Mixed layers consisting of oligothiophene (BTB) encapsulated by β-cyclodextrin (BTB@β-CD) were generated. Cyclodextrins were then removed and the pinholes generated filled with BTB to obtain BTB@BTB films. MJs based on mixed BTB@β-CD and BTB@BTB layers, as well as single-component BTB MJs, were compared. The variation of Ln J vs thickness is similar for all systems while the J o of BTB@β-CD MJs is 20 times lower than that of BTB MJs. After -cyclodextrin has been removed, and the pinholes filled, J o increases and reaches the same value as for the BTB MJs, showing that the conductance scales with the number of active molecules. This strategy provides a unique method for investigating molecular interactions in direct tunneling MJs as well as the possibility of fabricating new functionalized MJs based on mixed layers.

Molecular electronics has been extensively investigated since the first theoretical proposal of Ratner and Aviram in 1974. 1 Since then, many researchers have attempted to generate 'reliable and robust' molecular electronics devices using various approaches ranging from single-molecule [START_REF] Xu | Measurement of Single-Molecule Resistance by Repeated Formation of Molecular Junctions[END_REF][START_REF] Xiang | Non-Exponential Length Dependence of Conductance in Iodide-Terminated Oligothiophene Single-Molecule Tunneling Junctions[END_REF][START_REF] Hybertsen | Structure-Property Relationships in Atomic-Scale Junctions: Histograms and Beyond[END_REF][START_REF] Capozzi | Length-Dependent Conductance of Oligothiophenes[END_REF][START_REF] Su | Chemical Principles of Single-Molecule Electronics[END_REF][START_REF] Xie | Single-Molecule Junction: A Reliable Platform for Monitoring Molecular Physical and Chemical Processes[END_REF][START_REF] Xin | Concepts in the Design and Engineering of Single-Molecule Electronic Devices[END_REF][START_REF] Yao | Single-Molecule Junctions with Highly Improved Stability[END_REF][START_REF] El Abbassi | Unravelling the Conductance Path through Single-Porphyrin Junctions[END_REF] to fewmolecules [START_REF] Engelkes | Length-Dependent Transport in Molecular Junctions Based on SAMs of Alkanethiols and Alkanedithiols: Effect of Metal Work Function and Applied Bias on Tunneling Efficiency and Contact Resistance[END_REF][START_REF] Kim | Correlation between HOMO Alignment and Contact Resistance in Molecular Junctions: Aromatic Thiols versus Aromatic Isocyanides[END_REF][START_REF] Smith | Length-Dependent Nanotransport and Charge Hopping Bottlenecks in Long Thiophene-Containing π-Conjugated Molecular Wires[END_REF][START_REF] Xie | Experimental and Theoretical Analysis of Nanotransport in Oligophenylene Dithiol Junctions as a Function of Molecular Length and Contact Work Function[END_REF][START_REF] Sangeeth | Comparison of DC and AC Transport in 1.5-7.5 Nm Oligophenylene Imine Molecular Wires across Two Junction Platforms: Eutectic Ga-In versus Conducting Probe Atomic Force Microscope Junctions[END_REF] or to large-area molecular junctions (MJs) [START_REF] Yan | All-Carbon Molecular Tunnel Junctions[END_REF][START_REF] Sayed | Charge Transport in Molecular Electronic Junctions: Compression of the Molecular Tunnel Barrier in the Strong Coupling Regime[END_REF][START_REF] Yuan | On the Remarkable Role of Surface Topography of the Bottom Electrodes in Blocking Leakage Currents in Molecular Diodes[END_REF][START_REF] Supur | Ion-Assisted Resonant Injection and Charge Storage in Carbon-Based Molecular Junctions[END_REF][START_REF] Hylke | Electrical Conduction through Single Molecules and Self-Assembled Monolayers[END_REF][START_REF] Akkerman | Towards Molecular Electronics with Large-Area Molecular Junctions[END_REF][START_REF] Yan | Activationless Charge Transport across 4.5 to 22 nm in Molecular Electronic Junctions[END_REF][START_REF] Yoon | The Rate of Charge Tunneling Is Insensitive to Polar Terminal Groups in Self-Assembled Monolayers in AgTSS(CH2) NM(CH2)MT//Ga2O3/EGaIn Junctions[END_REF][START_REF] Bowers | Characterizing the Metal-SAM Interface in Tunneling Junctions[END_REF][START_REF] Zhao | Rectification Inversion in Oxygen Substituted Graphyne-Graphene-Based Heterojunctions[END_REF][START_REF] Liao | Molecular Series-Tunneling Junctions[END_REF][START_REF] Liao | Tunneling across Molecular Junctions[END_REF] . Recently, molecular electronics has demonstrated improved properties in rectifiers, [START_REF] Yuan | A Molecular Diode with a Statistically Robust Rectification Ratio of Three Orders of Magnitude[END_REF][START_REF] Bayat | Control of Electronic Symmetry and Rectification through Energy Level Variations in Bilayer Molecular Junctions[END_REF][START_REF] Chen | Molecular Diodes with Rectification Ratios Exceeding 105 Driven by Electrostatic Interactions[END_REF] redox switches, [START_REF] Whalley | Reversible Switching in Molecular Electronic Devices[END_REF][START_REF] Zhang | Towards Single Molecule Switches[END_REF][START_REF] Han | Electric-Field-Driven Dual-Functional Molecular Switches in Tunnel Junctions[END_REF][START_REF] Liao | Cyclic Conductance Switching in Networks of Redox-Active Molecular Junctions[END_REF] photoswitches, [START_REF] Kumar | Mixed Monolayers of Spiropyrans Maximize Tunneling Conductance Switching by Photoisomerization at the Molecule-Electrode Interface in EGaIn Junctions[END_REF][START_REF] Jia | Covalently Bonded Single-Molecule Junctions with Stable and Reversible Photoswitched Conductivity[END_REF][START_REF] Hnid | Highly Efficient Photoswitch in Diarylethene-Based Molecular Junctions[END_REF][START_REF] Hnid | Unprecedented ON/OFF Ratios in Photoactive Diarylethene-Bisthienylbenzene Molecular Junctions[END_REF] dual-functional, [START_REF] Han | Electric-Field-Driven Dual-Functional Molecular Switches in Tunnel Junctions[END_REF][START_REF] Tefashe | Robust Bipolar Light Emission and Charge Transport in Symmetric Molecular Junctions[END_REF][START_REF] Goswami | Charge Disproportionate Molecular Redox for Discrete Memristive and Memcapacitive Switching[END_REF][START_REF] Thompson | Design Principles of Dual-Functional Molecular Switches in Solid-State Tunnel Junctions[END_REF] and high-speed devices. [START_REF] Trasobares | A 17 GHz Molecular Rectifier[END_REF][START_REF] Tan | Quantum Plasmon Resonances Controlled by Molecular Tunnel Junctions[END_REF] When the thickness of the layer is below 5 nm, the dominant transport mechanism is direct non-resonant tunneling. In this mechanism, the current density decreases exponentially with thickness and follows , where J o is the pre-𝐽 = 𝐽 0 𝑒 -𝛽𝑑 exponential factor and β is the attenuation factor. [START_REF] Li | Charge Transport in Single Au | Alkanedithiol | Au Junctions: Coordination Geometries and Conformational Degrees of Freedom[END_REF][START_REF] Li | Conductance of Single Alkanedithiols: Conduction Mechanism and Effect of Molecule-Electrode Contacts[END_REF] The attenuation factor, one of the molecular signatures of transport, estimates the impact of the molecular length, d, on the total current density. In the tunneling regime, for saturated molecules, it is around 8 -10 nm -1 while it drops to 2 -3 nm -1 for conjugated molecules. [START_REF] He | Electronic Decay Constant of Carotenoid Polyenes from Single-Molecule Measurements[END_REF][START_REF] Vilan | Large-Area, Ensemble Molecular Electronics: Motivation and Challenges[END_REF][START_REF] Jeong | High-Yield Functional Molecular Electronic Devices[END_REF] It has also been used to characterize long-distance transport (above 5 nm); for instance, the β value of unsaturated molecules changes from 2 -3 nm -1 , when the length is less than 5 nm, to 0.5 -1 nm -1 when it is above 5 nm, which indicates a transition between the direct tunneling regime and another dominant transport mechanism. [START_REF] Yan | Activationless Charge Transport across 4.5 to 22 nm in Molecular Electronic Junctions[END_REF][START_REF] Choi | Transition from Tunneling to Hopping Transport in Long, Conjugated Oligo-Imine Wires Connected to Metals[END_REF][START_REF] Nguyen | Molecular Signature and Activationless Transport in Cobalt-Terpyridine-Based Molecular Junctions[END_REF] The β values investigated by scanning tunneling microscopy (STM), conductive atomic force microscopy (C-AFM) techniques in single or few molecules devices or measured on large-area MJs are highly consistent, and a broad consensus has now been reached to state that, in the tunneling regime, they are independent of the experimental platform used and on the area of the MJ studied.

On the contrary, J 0 , is highly dependent on the experimental platform and varies considerably with the scale of the device. Akkerman et al. and later Amdursky et al. have summarized the dependence of J o on the number of molecules sandwiched. [START_REF] Hylke | Electrical Conduction through Single Molecules and Self-Assembled Monolayers[END_REF][START_REF] Amdursky | Electronic Transport via Proteins[END_REF] The J o of single-molecule devices was found to be much higher than that of large-area. [START_REF] Hybertsen | Structure-Property Relationships in Atomic-Scale Junctions: Histograms and Beyond[END_REF][START_REF] Su | Chemical Principles of Single-Molecule Electronics[END_REF] Frisbie et al. have shown that the J o value of the same few-molecules devices depend on the contact material. [START_REF] Smith | Length-Dependent Nanotransport and Charge Hopping Bottlenecks in Long Thiophene-Containing π-Conjugated Molecular Wires[END_REF][START_REF] Xie | Experimental and Theoretical Analysis of Nanotransport in Oligophenylene Dithiol Junctions as a Function of Molecular Length and Contact Work Function[END_REF] Some studies have also attributed the difference in J o to the effect of surface roughness [START_REF] Reus | Statistical Tools for Analyzing Measurements of Charge Transport[END_REF] or edge effects. [START_REF] Obersteiner | Unconventional Current Scaling and Edge Effects for Charge Transport through Molecular Clusters[END_REF] There are thus three main approaches to explain these differences: first, the atomic structure of the contacts could be different at various scales; second, the number of simultaneously active molecules could change when different fabrication procedures are used; third, cooperative effects, which are not easy to probe, could have a strong impact on device conductance. [START_REF] Selzer | Effect of Local Environment on Molecular Conduction: Isolated Molecule versus Self-Assembled Monolayer[END_REF] In this context, Ratner et al. proposed a theoretical approach, suggesting that optimal adlayer density, as well as interwire distance, could enhance the conduction, [START_REF] Reuter | Molecular Conduction through Adlayers: Cooperative Effects Can Help or Hamper Electron Transport[END_REF] and predicted that the line-shapes of the conductance histograms for single-molecule junctions could reflect cooperative effects. [START_REF] Reuter | Signatures of Cooperative Effects and Transport Mechanisms in Conductance Histograms[END_REF] Trasobares et al. experimentally determined a π-π electronic coupling parameter of 35 meV between ferrocenyl (Fc)-functionalized monolayers on nanocrystals. [START_REF] Trasobares | Estimation of π-π Electronic Couplings from Current Measurements[END_REF] Dubi proposed that intermolecular interactions could result in dephasing, leading to a substantial reduction of the current in a SAM-MJ as compared to the singlemolecule junction Cooperative effects were also recently evidenced in the tunneling rates across van der Waals-coupled binary self-assembled monolayers. [START_REF] Li | Large Cooperative Effects in Tunneling Rates across van Der Waals Coupled Binary Self-Assembled Monolayers[END_REF] Here, we report a unique strategy (Figure 1) to investigate the relationship between J o and the density of active molecules in the direct non-resonant tunneling regime without changing the size of the large-area MJ used or the electrode materials.

Firstly, a single-component layer based on oligo(bisthienylbenzene)) (BTB), was formed and investigated as a reference ,59,61 (Figure S1). Next, a mixed layer of oligo(BTB) and -cyclodextrin (called BTB@β-CD), was generated using host/guest complexation. [START_REF] Santos | Host -Guest Complexation : A Convenient Route for the Electroreduction of Diazonium Salts in Aqueous Media And[END_REF] This host/guest strategy has been widely used in selective organic syntheses of encapsulated molecular wires, [START_REF] Cacialli | Cyclodextrin-Threaded Conjugated Polyrotaxanes as Insulated Molecular Wires with Reduced Interstrand Interactions[END_REF][START_REF] Samorí | Self-Assembly of a Conjugated Polymer: From Molecular Rods to a Nanoribbon Architecture with Molecular Dimensions[END_REF][START_REF] Lagrost | Host-Guest Complexation: A Convenient Route to Polybithiophene Composites by Electrosynthesis in Aqueous Media. Synthesis and Characterization of a New Material Containing Cyclodextrins[END_REF] and for protecting atomic contacts. [START_REF] Leroux | Atomic Contacts via Electrochemistry in Water/Cyclodextrin Media: A Step Toward Protected Atomic Contacts[END_REF] In short, a 1:1 complex between β-CD and 1-(2bisthienyl)-4-aminobenzene (BTAB) was solubilized in a water/β-cyclodextrin solution (β-CD) (Figure 1). The corresponding diazonium salt was generated in situ and electroreduced. This process leads to the attachment of short encapsulated oligo(BTB) to the electrode surface. [START_REF] Santos | Host -Guest Complexation : A Convenient Route for the Electroreduction of Diazonium Salts in Aqueous Media And[END_REF] Therefore, the density of grafted oligo(BTB) wires is smaller than in the reference sample, and oligo(BTB) interchain interactions are considerably reduced. Previous XPS characterization of the layer has shown that an average of one CD molecules was incorporated for 4 BTB moieties in the generated layer. [START_REF] Santos | Host -Guest Complexation : A Convenient Route for the Electroreduction of Diazonium Salts in Aqueous Media And[END_REF] This ratio means that in a 4 nm thick oligo(BTB) layer, which consists of 3 BTB units (each BTB is 1.3 nm long), three out of four oligo(BTB) wires are statistically encapsulated by a CD. Furthermore, in this mixed layer, the β-CD moieties can be easily removed from the surface, creating pinholes (Figure 1) and a new surface labelled BTB@hole. This indicates that -CD are not trapped in the layer and that the BTB units of adjacent encapsulated wires are not widely cross-linked and do not strongly interact with each other's. These holes can be functionalized in a second diazonium electroreduction step, leading to mixed layers. [START_REF] Santos | Formation of Mixed Organic Layers by Stepwise Electrochemical Reduction of Diazonium Compounds[END_REF] In the present study, the second electroreduction is performed using again bisthienylbenzene diazonium salt, which grafts BTB wires inside the free pinholes as the second component and generates a layer labelled BTB@BTB. Finally, MJs based on single-component BTB, mixed BTB@β-CD, BTB@hole and BTB@BTB molecular layers were fabricated, and the attenuation factors, , and the pre-exponential factors, J o , of these different devices investigated to probe the effect of the density of active molecules in the junction.

The various layers were fabricated as in previous reports. [START_REF] Santos | Host -Guest Complexation : A Convenient Route for the Electroreduction of Diazonium Salts in Aqueous Media And[END_REF][START_REF] Santos | Formation of Mixed Organic Layers by Stepwise Electrochemical Reduction of Diazonium Compounds[END_REF] The thickness of the layer, measured by AFM, is controlled by the diazonium electroreduction conditions given in Table S1 and does not exceed 5 nm. (thicker BTB@β-CD layers are difficult to obtain). The thickness is given as a subscript to the layer and MJ notation in what follows. All MJs use similar Au bottom and Ti/Au top electrodes, fabricated by CMOScompatible technology (surface area = 400 µm 2 ) as shown in Figure S3. [START_REF] Martin | Organic Electrodes Based on Grafted Oligothiophene Units in Ultrathin, Large-Area Molecular Junctions[END_REF][START_REF] Nguyen | Highly Efficient Long-Range Electron Transport in a Viologen-Based Molecular Junction[END_REF] Table S2 shows the number of studied MJs, the yield of working devices and Figure S4 overlays individual JV curves measured for Au/BTB@-CD/Ti/Au of various thicknesses and Au/BTB@BTB 4.5nm /Ti/Au junctions without data selection.

Figure 2 shows average JV curves obtained for Au/BTB@β-CD /Ti/Au junctions with BTB@β-CD thicknesses of 2 and 4 nm, and compares them with those for Au/BTB/Ti/Au junctions. For mixed-layer BTB@β-CD junctions, we observe (i) a low fabrication yield (40%) when the layer is 2 nm-thick and a 90% yield for 4 nm films. These yields are close to those for the reference compact BTB layers, (ii) almost symmetrical JV curves with no significant rectification behavior in this thickness range, (iii) a strong thickness dependence of the
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The Journal of Physical Chemistry Letters current density (Figures 2a and2b), (iv) current densities in BTB@β-CD MJs approximately 20 times smaller than those in BTB junctions (Figures 2c and2d). The very weak temperature dependence of the JV plot was determined for a 4 nm-thick Au/BTB@β-CD/Ti/Au device (Figure S6). The activation energy measured from the Arrhenius plot is 32 meV at 1 V, and can be attributed to Fermi energy broadening. [START_REF] Najarian | Robust All-Carbon Molecular Junctions on Flexible or Semi-Transparent Substrates Using "Process-Friendly" Fabrication[END_REF] This result suggests that the dominant transport mechanism is direct off-resonant tunneling between the two electrodes. [START_REF] Nguyen | Molecular Signature and Activationless Transport in Cobalt-Terpyridine-Based Molecular Junctions[END_REF] The Ln J vs thickness plots for BTB@β-CD and BTB junctions are shown in Figure 3 (blue and red curves, respectively). The attenuation factor for BTB@β-CD MJs is 2.1 nm -1 at 0.5 V which is similar to those for unsaturated molecules [START_REF] Capozzi | Length-Dependent Conductance of Oligothiophenes[END_REF][START_REF] Yan | Activationless Charge Transport across 4.5 to 22 nm in Molecular Electronic Junctions[END_REF][START_REF] Najarian | Robust All-Carbon Molecular Junctions on Flexible or Semi-Transparent Substrates Using "Process-Friendly" Fabrication[END_REF] and BTB junctions (Figures 3a,red curves). As shown by Bowers et al., inserting an alkyl chain (a saturated chain) inside the transport path of oligophenyl groups increases β from 3 nm -1 to 6.6 nm -1 . [START_REF] Bowers | Tunneling across SAMs Containing Oligophenyl Groups[END_REF] However, in the present case, inserting β-CD, a saturated molecule, does not change the β value, indicating that β-CD does not participate in transport through the MJs. On the contrary, the J o value of BTB@β-CD junctions is one order of magnitude smaller than that of simple BTB junctions. The preexponential factor, J o , of molecular electronics devices, using identical electrodes in composition (Au and Ti/Au) and areas, can thus be tuned by changing the number of active molecules while the attenuation factor does not depend on the density of active molecules in the junction. To the best of our knowledge, this is the first direct evidence of the relationship between J o and the density of active molecules sandwiched in MJs.

A simple calculation, based on geometrical considerations and explained in Figure S7, indicates that the ratio of surface concentration of oligo(BTB) wires in a single-component junction and in a mixed BTB@β-CD junction is between 7 and 15. The J o of the BTB@β-CD mixed junctions, extracted from Figure 3a, is 20 times smaller than that of simple BTB junctions. Comparing these values indicates a linear scaling of conduction properties with the number of conducting molecules in junctions and suggests that the conductance through a partially isolated BTB oligomer is close to, or slightly smaller than, that through a BTB oligomer in interaction with other BTB wires in a compact BTB film. In other words, the observed variation of J o , does not demonstrate a significant modifications of the cooperative effects between oligo(BTB) wires with the decrease of the density of active wires despite the modifications of the interchain interactions. These results agree with theoretical predictions showing a linear scaling of conduction properties with the number of conducting molecules in junctions (g(N) = Ngeff(1)) and that, in the off-resonant tunneling regime, the effective single molecule conduction (geff(1)) can be higher than the corresponding single molecule property (g(1)). [START_REF] Reuter | Molecular Conduction through Adlayers: Cooperative Effects Can Help or Hamper Electron Transport[END_REF][START_REF] Landau | Cooperative Effects in Molecular Conduction[END_REF] They also agree with recent experimental results. [START_REF] Das | Probing Matrix Effects in the Course of Electron Transfer across a Self-Assembled Monolayer[END_REF] Next β-CD molecules were removed to create holes inside the BTB@β-CD layer, to give a BTB@hole layer. BTB oligomers were then grafted into the holes by a second diazonium electroreduction to create BTB@BTB layers. The electrochemical response of an outer-sphere redox probe, FcMeOH, on a BTB@hole layer is like that for a bare electrode, as FcMeOH can reach the underlying gold electrode through the pinholes in the layer. (Figure S2) On the contrary, the electrochemical responses of FcMeOH on BTB@β-CD electrodes and BTB@BTB are close to that for a singlecomponent BTB. [START_REF] Fave | Electrochemical Switches Based on Ultrathin Organic Films: From Diode-like Behavior to Charge Transfer Transparency[END_REF] It shows a shift of the ferrocene oxidation peak towards positive potential and no reduction peak in the reverse sweep. This is due to the easily p-dopable oligo(BTB) moieties and demonstrates that BTB is grafted mostly in the pinholes generated by β-CD desorption. [START_REF] Santos | Formation of Mixed Organic Layers by Stepwise Electrochemical Reduction of Diazonium Compounds[END_REF] Moreover, measurements on 4 nm-thick BTB@hole indicate that the thickness of the BTB@BTB layer increases to 4.5 nm (Figure S8). BTB@hole and mixed-layer BTB@BTB were used in device fabrication with similar configurations: i.e. Au bottom and Ti/Au top electrodes. All the JV curves of BTB@hole devices behave as short-circuits (Figure 3b, black curve). This confirms that holes are created inside the BTB@β-CD layer by β-CD desorption, the metals deposited by evaporation go through these holes and make direct contact with the bottom electrode.

Mixed-layer BTB@BTB devices were investigated for two different layer thicknesses, 4.5 nm and 7 nm, both generated from BTB 4nm @hole electrodes. Figure 3b compares JV curves of BTB 4nm , BTB@-CD 4nm and BTB @BTB 4.5nm (generated from the BTB 4nm @hole electrode). As mentioned above, the BTB 4nm layer is more conductive than BTB@-CD 4nm . After the holes in the BTB 4nm @hole electrode have been filled, the BTB@ BTB 4.5nm JV curves can be easily recorded and none of the 24 MJs generated on a same sample shows a short circuit. This clearly confirms that the second BTB diazonium grafting takes place inside the holes. More importantly, the BTB@BTB 4.5nm MJs are much more conductive than BTB@-CD 4nm MJs and almost as conductive as BTB 4nm MJs (Figure 3b, green and purple curves). Consequently, the Ln J value at 0.5 V of a BTB@BTB MJ shifts from the BTB@-CD attenuation plot (blue curve) to that of BTB (Figure 3a, green point).

BTB@BTB 7nm MJs (generated from the BTB 4nm @hole electrode) were also compared with BTB 7nm MJs. The two devices show very similar JV curves (Figure S9). It is important to note that in both systems, the JV curves become asymmetric when the thickness increases from 4 to 7 nm, as already reported. [START_REF] Martin | Organic Electrodes Based on Grafted Oligothiophene Units in Ultrathin, Large-Area Molecular Junctions[END_REF] This behavior, fully analyzed in reference 60, indicates that the dominant transport mechanism has changed from direct non-resonant tunneling to multistep hopping. These almost identical JV curves indicate that BTB wires are deposited during the second diazonium grafting inside the free space in BTB 4nm @hole and that growth can further continue until a BTB@BTB 7nm and a BTB 7nm can no longer be distinguished.

To conclude, we have fabricated and investigated MJs based on mixed BTB@β-CD and BTB@BTB layers, thanks to an original host/guest strategy and compared their transport properties with those based on single-component BTB MJs with the same contacts. We have shown that the β values of these devices in the tunneling regime (thickness less than 5 nm) are similar for all systems. However, the preexponential factor J o changes drastically when BTB@β-CD, BTB@BTB and BTB MJs are compared. This clearly indicates that the host/guest strategy unambiguously evidences a relationship between the density of active BTB wires and J o values in large-area MJs. However, simple calculation suggests that the conductance through partially separated BTB molecules is similar to, or slightly smaller than, that in stacked strongly interacting BTB wires. This indicates either that the host guest strategy developed here is not able to separate the oligo(BTB) wires to strongly modify their cooperative effects or that no or minimal cooperative effects are observed in the investigated transport regime. Additionally, the host/guest strategy reported here can be extended in order to fabricate new functionalized MJs based on two different oligomers.
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Figure 1 .

 1 Figure1. A) Scheme of BTAB, Cyclodextrine and BTAB@-CD host guest complex B) Strategy used to deposit: BTB@β-CD, BTB@hole and BTB@BTB mixed layers on Au electrode.

Figure 2 .

 2 Figure 2. (A) JV curves and (B) Ln J vs V curves for Au 50nm /BTB@β-CD/Ti 2nm /Au 50nm junctions of various thicknesses; (C) Ln J vs V comparison of BTB 2nm (red) and BTB@β-CD 2nm (green)); (D) Ln J vs V comparison of BTB 4nm (orange) and BTB@β-CD 4nm (purple).

Figure 3 .

 3 Figure 3. (A)Attenuation plots for single-component BTB (blue), mixed layer BTB@β-CD (red), and Ln J of a 4.5 nmthick BTB@BTB junction (green point) at 0.5 V applied bias; (B) JV curves of BTB@hole (black), single-component BTB 4nm (purple), BTB@-CD 4nm (orange) and BTB@BTB 4.5nm (green) MJs.BTB@hole and mixed-layer BTB@BTB were used in device fabrication with similar configurations: i.e. Au bottom and Ti/Au top electrodes. All the JV curves of BTB@hole devices behave as short-circuits (Figure3b, black curve). This confirms that holes are created inside the BTB@β-CD layer by β-CD desorption, the metals deposited by evaporation go through these holes and make direct contact with the bottom electrode.Mixed-layer BTB@BTB devices were investigated for two different layer thicknesses, 4.5 nm and 7 nm, both generated from BTB 4nm @hole electrodes. Figure3bcompares JV curves of BTB 4nm , BTB@-CD 4nm and BTB @BTB 4.5nm (generated
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