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1. Materials and Methods 
 
Reagents and Instrumentation. Sigma Aldrich supplied molybdenum disulphide (99%, 90 nm powder), Cucurbit[8]uril, and 
Melatonin (MLT) (99%). Deuterium oxide, ethanol absolute (EtOH) (99%), and phosphoric acid were purchased from Scharlau 
(Barcelona, Spain). All reagents used were of analytical reagent grade. Milli-Q water was purified with a Milli Ro Milli Q Plus 185 
apparatus from Millipore (Waters, Milford, USA). 
Electrochemical measurements were performed with a µ-Autolab Type III potentiostat employing Gpes software (both from Metrohm 
Autolab, Utrecht, Netherlands). A conventional three-electrode system was employed, with a glassy carbon electrode (GC; 3 mm in 
surface diameter) as the working electrode (bare or modified either with MoS2 nanosheets (GC/MoS2) or with both materials (GC/ 
MoS2/CB[8]), an Ag/AgCl/KCl (3M) as the reference electrode, and a coiled platinum wire as the counter one. 
1H-NMR spectra (2.0 mM MLT and increasing concentrations of CB[8]) were recorded using a Bruker Avance-300 spectrometer (300 
MHz). The solutions of MLT and MLT with increasing concentration of CB[8] were prepared in D2O. The solution of CB[8] was subjected 
to ultrasound.  
Atomic Force Microscopy characterization was done with a Nanoscope IIIa system (Veeco). The images were analyzed with the 
Gwyddion free-software package. [1] 
 
Calculations. The internal energy and geometry of the MLT and CB[8] complexes have been calculated with a QM/MM approach. In 
the QM region we used the Fireball DFT[2] method with BLYP exchange-correlation functional[3] with D3 corrections[4] and norm-
conserving pseudopotentials. We employed a basis set of optimized numerical atomic-like orbitals (NAOs) [5] with a 1s orbital for H and 
sp3 orbitals for C, N and O atoms. The water molecules were included in the MM region, and they were modelled with the TIP3P 
approach. [6] This methodology has been used previously with successful results. [7,8] The interaction energy was calculated using 
MMPBSA. [9] Geometric optimizations of CB[8] in graphene and MoS2 surfaces have been calculated with Fireball DFT. The calculation 
of oxidation energy variation of MLT have been performed with Gaussian16 software at the B3LYP/6-31G* level of theory [10], with D3BJ 
empirical dispersion[4] and inclusion of the water solvent effect through the polarizable continuum model. [11] The effect of complexation 
on MLT electronic properties is included by modeling CB[8] with partial electrostatic charges provided from a Fireball calculation of 
CB[8] on MoS2. 
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2. Procedures 
 
Nanomaterials synthesis. MoS2 nanosheets were prepared by liquid exfoliation following a procedure previously reported. [12] Briefly 
described: 75 mg of MoS2 are exfoliated in 10 mL of EtOH/H2O (45/55, v/v) by ultrasonication during 2 h. The suspension was kept 24 
h at 4ºC and next centrifuged at 4000 rpm for 45 minutes. Finally, the supernatant is separated and stored at 4ºC. 0.3 mM CB[8] 
suspensions are prepared in ultrapure water.  
Sensor preparation. The electrode surface was layer by layer modified by drop-casting procedure with first, 6 µL of the MoS2 
synthetized 2D material, followed by 6 µL of the CB[8] suspension (GC/MoS2/CB[8] system). After each modification step, the 
corresponding electrode surface was let drying at 40ºC. For comparison, the same procedure was carried out only with the MoS2 
suspension (GC/ MoS2).  
Electrochemical measurements. Differential pulse voltammetry (DPV) scans were carried out from 0.25 to 0.95 V, in 0.2 M 
phosphate buffer pH 7 as supporting electrolyte at a scan rate of 30 mV/s.  
Atomic Force Microscopic (AFM) measurements. The AFM measurements were done operating in the dynamic mode using 
silicon cantilevers with a nominal force constant in the 1-5 N/m range, and nominal radius of curvature of 8 nm. The images consisted 
of 512 x 512 pixels. 
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3. Further DFT and QM/MM MD calculations 
 
3.1. Can be two MLT molecules inside the CB[8] cage? 

To understand the interaction of MLT and CB[8] in water, we perform QM/MM [7] molecular dynamics in water, taking into account all 
the possible species, namely MLT and CB[8] free in solution along with the supramolecular complex including 1 or 2 MLT in CB[8].  
From this simulation, we calculated the internal energy and the solvation energy of the different systems (Figure S1). The internal 
energy of the complexes has been calculated with a QM/MM approach from the last 20 ps of a QM/MM Molecular Dynamics of 40 ps 
for each system, with MLT and/or CB[8] in the QM region and the water molecules in the MM region.  
To determine the most stable structure geometry of both complexes, we consider different initial configurations, and we compare their 
formation energies. In Figure S1 it is represented the most stable complex including two (Fig S1a) or one (Fig S1b) MLT molecules. 
To calculate which complex is more stable at different MLT/CB[8] amount ratios, we compare two different cases.  
 
First, we consider the case of MLT and CB[8] in a relation 1/1 and we compare the difference in energy between the complex of 2 
MLTs in one CB[8] (2MLT/CB[8]) + CB[8] alone vs twice one MLT in CB[8]): 
2MLT/CB[8] +CB[8] > 2*(1MLT/CB[8])     relation 1 MLT per 1 CB[8] 
-1265014 > -1265068 (Δ=54 kcal/mol), Best 1 Melatonin inside the cucurbituril 
 
The second case is when there is an excess of melatonin, therefore we considered 2 MLTs per CB[8]. In this case the comparison is 
between 2 melatonin in one CB[8] (2MLT/CB[8]) vs one melatonin in CB[8] (1MLT/CB[8]) plus MLT alone): 
2MLT/CB[8] < 1MLT/CB[8]+MLT relation 2 melatonin per 1 CB[8] 
-716988 > -717019 (Δ=31 kcal/mol), Best 1 Melatonin inside the cucurbituril 
 
From this calculation we can conclude that the case of one melatonin inside CB[8] (1MLT/CB[8] complex) is the most favourable in 
water. We observe that the complex including two MLT inside CB[8] (2MLT/CB[8]) is stable in water and even if it is not the most 
favourable it will be more relevant at high MLT concentration. 
 

 
 

Figure S1: Calculation of Internal and solvation energy for the complex in water with two MLT and CB[8] (2MLT/CB[8]) (a), one melatonin and CB[8] 
(1MLT/CB[8]) (b) CB[8] (c) and MLT (d), in water. 

The interactions in orange on Figure 2 represents the most stable interactions found during the molecular dynamic. To show the 
stability we plot the evolution of distance and angle during the last 20 ps of the MD in Figure S2 where we can observe that these three 
interactions are stable during the last steps of the MD. We can also observe that H1 and H3 create a hydrogen bond with CB[8] and 
the angle is stable around 160º. 
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Figure S2: Distances a) and angles b) of the stabilizing interactions during the molecular dynamic of 1MLT/CB[8] complex. In the distance  labels the O or N at 
the right corresponds to Oxigen or N of cucurbituril. In the case of the label for the evolution of the angles the atom at the left correspond to the bonded atom to 

the H and at the right to the atom in CB[8].  c) Scheme with the three hydrogens involved in the interactions.  

 
 
 3.2. Cucurbituril MoS2 interface. 
To see the effect of MoS2 surface in CB[8] we calculated the electrostatic potential of the relaxed structure, see Figure S3. We can 
observe in Figure S3 that the polarization of CB[8] is not visible. Therefore we suggest that MoS2 surface will not create a shift in the 
oxidation energy of MLT when is inside CB[8].  

 
Figure S3. Electrostatic potential calculated with DFT from the low energy relaxed structure of CB[8] on MoS2 surface. 

 
 

 3.3. Estimation of the oxidation energy variation 

The shift of the oxidation potential upon MLT complexation with CB[8] can be due to different factors. To rationalize the change in the 
oxidation potential experimentally determined in Figure S4, we have compared the electronic structure of MLT adsorbed on MoS2 in 
different geometries and environments, to account for the electrochemical experimental conditions. We performed a relaxation of MLT 
on MoS2 surfaces using Fireball DFT code, [2] starting from different initial geometries. The lowest energy structure is displayed in 
Figure S5 for MoS2 (MLT/MoS2). On the other side, MLT can be complexed inside CB[8], when CB[8] is absorbed on MoS2 with open 
receptor portals (Figure 3A). To calculate this structure we have considered the relaxed geometry obtained with QM/MM for MLT inside 
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CB[8] in water (MLT/CB[8]), see Figure S1b. From the obtained MLT geometries MLT/MoS2 and MLT/CB[8], a geometry optimization 
of neutral MLT has been performed at the B3LYP-D3BJ/6-31G* level of theory and, at the fixed neutral equilibrium geometry, the 
absolute energy of the neutral and cation molecule has been computed. The total energy difference between the neutral and cation 
molecule computed in solution can be taken as a measure of the oxidation energy of the molecule in solution, [13] which is directly 
related to the highest occupied molecular orbital eigenvalue (HOMO) of the molecule in solution. Our calculations (Table S1) allow us 
to conclude that the formation of the supramolecular complex slightly affects the oxidation potential, causing a small increase in the 
oxidation potential (shift of ca. 0.02 eV), consistent with the experimental results (shift of ca. 0.06 V, see Figure S4).  
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Figure S4. Differential Pulse Voltammograms of 1× 10-5M MLT in phosphate buffer pH = 7 recorded with a GC/MoS2 electrode (a) and with a GC/MoS2/CB[8] 
electrode (b) 

 

 
Figure S5. Structure of melatonin in a MoS2 surface (MLT/MoS2). 

 

 
 
Table S1. Computed absolute energy difference of MLT. 

 
 ΔEabs  / eV 

MLT/MoS2 5.32 

MLT/ MoS2/CB[8] 5.34 
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4. CB[8] on graphite by AFM 

 

 
Figure S6. Structure CB[8] on graphite depicted by AFM. 

The upper part of Fig. S6 shows two AFM images of CB[8] deposited on graphite following the same protocol than in Fig. 3. The images 
have been recorded with different field of view (3 µm and 1 µm, for left and right images, respectively). These images clearly show that 
the molecules aggregate laterally in molecular islands that nucleate from the steps. The height of the molecular layer was estimated by 
a height-histogram. It shows that the distance from more intense peak, corresponding to the graphite substrate level, and the second 
peak, corresponding to the molecular layer, is about 0.6 nm, in good agreement with the calculations summarized in Fig. 3B. 
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