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Abstract: Aggregation of gold nanoclusters (GNCs) with desired properties requires detailed knowledge about the inter-
cluster interface and its properties. The stability of [Au6]2 dimeric cluster configuration has been confirmed based on 
molecular dynamic simulation at 298 K temperature, 1 atm pressure, and water as solvent. The structural and electronic 
properties of series of monomeric and dimeric [Au6]2, [Au6H]2, [Au6CH3]2, [Au6C2H5]2, [Au6C5H9]2, [Au6C6H11]2, 
[Au6C6H5]2, [Au6C6H4CH3]2, [Au6C6H4CH3]2, [Au6C2H]2, [Au6C2CH3]2 and [Au6C2C6H5]2 clusters were studied using 
three different functionals in density functional theoretical methods by considering three different interfaces. The 
dimerization was found to alter the highest occupied molecular orbital-lowest unoccupied molecular orbital (HOMO-
LUMO) gap depending upon the interface between the clusters. The computation predicts that the presence of ligand-
ligand (ML-LM) and ligand-metal (ML-ML) interfaces in ligated cluster dimers were found to decrease the HOMO-
LUMO gap while the metal-metal (LM-ML) interface leads to larger cluster formations. The change in electronic 
structures is found to be the reflection of symmetry in the eigenfunctions. The vertical plane of symmetry at the ML-
LM interface leads to a smaller HOMO-LUMO gap as a result of degenerate orbitals between the monomeric units. The 
distortion from the reflection symmetry at the ML-ML interface removes the degeneracy by splitting the orbitals which 
increases the HOMO-LUMO gap in the ligated clusters. Among the studied ligated nanoclusters, experimentally realized 
[Au6C2C6H5]2 possesses a small HOMO-LUMO gap. All the interfaces are found to behave similarly in the presence 
of various uniform electric fields. The consequences of HOMO-LUMO gaps were observed in redox parameters, and 
absorption properties and have been explained using molecular orbital plots.
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1. Introduction
“Interface” refers to the region where the surfaces of the two clusters meet and interact [1-6]. This interface can 

significantly impact the properties and behavior of the nanoclusters, such as their stability, size, shape, and electronic 
structure [2-8]. Interactions at the interface can also affect the properties of the individual clusters, such as their 
electronic and optical properties [9-11]. Creating an interface between two clusters makes it possible to stabilize the 
structure compared to individual units [12-15]. It can also facilitate the dimerization of metal nanoclusters, forming new 
configurations with unique electronic, optical, catalytic, and redox properties [16-21]. By making the different interfaces 
between nanoclusters, it is possible to generate properties that do not exist in either of the individual clusters [7, 9, 22, 
23]. Carefully controlling the orientations, and types of the interface, and understanding of the chemical nature of the 
interface between two nanoclusters lead scientists to design and synthesize new materials with tailored properties for 
various applications [24-27]. Researchers are using computational methods to explore and understand the interface at 
the atomic and molecular level, providing insights into the interactions and behavior of the nanoclusters [28-31].

Gold nanoclusters [32] are widely used with ligation and solvation environments for biological [12], optical 
[30], catalytic [13], and sensing applications [33, 34]. Hence, the integration of building blocks of gold nanoclusters 
with desired electronic, electrochemical, and magnetic properties into bulk materials become highly challenging for 
an experimentalist to realize their application due to the possibility of numerous interfaces [17, 35-38]. Further, the 
microstructural features of the GNCs are key designing factors in self-assembly that control the macroscopic properties 
such as hardness, toughness, ductility, corrosion, etching, transport, light reflection, scattering, catalysis, sensing, and 
drug delivery [28, 29, 39-41]. The right geometric configuration of the GNCs at the nanoscale is crucial to designing 
these materials that require detailed knowledge about the fundamental structure-property relationship [42-45]. The 
influence of van der Waals interaction between the neighboring clusters towards the chiro-optical properties of the 
dimeric gold bipyramid plasmonic nanoparticles has been studied using advanced spectroscopic and thermal imaging 
techniques [43, 44]. The effect of neighboring cluster orientation towards the bulk properties proves to be important for 
their stability [46-50]. The interface is found to exist either through metal or ligand channels. For example, versatile 
alkynyl ligands were used by Gorman et al. as the triple bond of an alkynyl ligand coordinates to metal centers in σ or/
and π modes [51-54].

Au6 clusters have been chosen in order to study the various channels of the interface. Au6 is a known two-
dimensional experimentally realized nanocluster with a pyramidal geometry in all three oxidation states and various 
ligated forms [30, 55]. Earlier work on these clusters provides evidence that the ligation can tune the electronic, 
electrochemical, and optical properties by passivating the cluster or by integrating it with a metal core [3, 56]. The 
passivation can occur via a wide range of ligands without disturbing the structure of the metal, which has been studied 
to a larger extent by various research groups [21, 57-60]. The passivated cluster can come near to each other in various 
orientation that opens upon various possible non-covalent channel. Herein, the non-polar ligand models have been used 
in order to understand their effect on nanocluster structure and properties. Further, this work aims to understand the 
various possible non-covalent interactions of the various size non-polar ligands such as hydrogen, alkyl group, cyclic, 
and aromatic groups. Moreover, the studies will address the influence of interface on various electronic, electrochemical, 
and optical properties.

2. Computational method
The dimeric form of various [Au6] dimers was generated for density functional theory (DFT) computation using 

molecular dynamics. Three interfaces were generated as in Figure 1, which are ML-LM (Ligand-Ligand, Orientation-I), 
LM-LM (Metal-Ligand, Orientation-II), and LM-ML (Metal-Metal-Orientation-III). The AMBER99 force fields 
[61] are used to model the neutral metal atoms which are modeled as lennard-jones (LJ) particles. The LJ parameters 
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are taken from the literature for gold atoms [62]. These parameters are already used to study the interaction between 
ligand and metal clusters, which shows the reliability of the parameters. The transferable intermolecular potential 
three-point (TIP3P) model is considered for water solvents. The molecular dynamics (MD) simulation is performed 
using the GROMACS-5.1.1 MD package [63] in an initial cubic water box of length 10 Å at room temperature (298 
K) and constant atmospheric pressure (1 atm). Initially, the high-energy contacts between the monomers in the initial 
conformations are removed by minimizing the energy using the steepest decent method. Following that, NPT and NVT 
simulations are carried out using a leap-frog algorithm for integrating Newton’s equation of motion for 1.0 ns at constant 
temperature and pressure. The periodic boundary condition is applied in all three directions. Electrostatic interactions 
are calculated with the particle mesh ewald (PME) method. The time step for the MD simulation is 1.5 fs. Atomic 
coordinates are recorded for every 7.5 ps for trajectory analysis. The final geometry obtained from the simulation was 
used for the DFT computation.

The DFT calculations are carried out with CAM-B3LYP long-range, wB97XD, and M06-HF dispersion corrected 
functional, LANL2DZ pseudopotential for Au, and 6-31 + G(d) basis set for all other atoms. Natural charges have 
been calculated using Natural charge analysis to check the charge distribution in the dimer. All the geometries were 
considered the lowest energy by performing a scan along with the coordinates method (Coordinates are given in 
Appendix). The basis set superposition error (BSSE) in interaction energy value is attuned using the Boys and Bernardi 
counterpoise correction method as set in the Gaussian 09 package [64]. Time-dependent density functional theory has 
been calculated using the same level of theory for all the aggregations. All minimized dimer models were studied in 
a uniform electric field (-F) of different strengths were applied and the HOMO-LUMO energy gaps were monitored. 
The artifact of functional and basis sets has been taken care of by computing the electronic parameters at three different 
functional and 6-31 + g(d) basis sets using the Gaussian 09 package [64]. All methods were found to show a similar 
trend, hence the CAM-B3LYP results are used for the discussion below (Table S2).

Figure 1. Schematic representation of all the orientations of dimer (monomer [Au6L]-monomer [Au6L]) interactions studied, where L = H, CH4, C2H6, 
C5H10, C6H12, C6H6, C7H8, C2H2, C2HCH3 and C2HC6H6

The vertical ionization potential (VIP), vertical electron affinity (VEA), dimers interaction energies (DIE) are 
calculated using the equations given below.
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VIP = E(N + 1) (cation at optimized neutral geometry) – E(N) (optimized neutral)

VEA = E(N) (optimized neutral) – E(N – 1) (anion at optimized neutral geometry)

Basis set superimposition error (BSSE) corrections are carried out using the Boys and Bernardi counterpoise 
correction method as implemented in the Gaussian 09 package at the same level of theory using the equation,

IE = [E(dimer) – (E(monomer1) + E(monomer2))] + BSSE.

Charging energy (Uc) is calculated using the formula, [57]

UC = VEA + VIP = E(N + 1) – 2E(N) + E(N – 1).

3. Result and discussion
[Au6]2 dimeric clusters have been considered for MD simulation to study the structural integrity of the cluster. 

The computed root mean square deviation (RMSD) data in Figure 2 provides evidence for the minimal change in the 
structure from the initial coordinates that show the stability of the clusters. Further, the computed energy plot shows at 
20 ps of NPT and NVT simulations, the dimeric structure reached the equilibrium. The MD simulations only support the 
structural integrity for two monomeric units for the longer time scales. Hence, the electronic structure and its properties 
were studied using the DFT methods.

Figure 2. RMSD plot relative to the energy minimized structure after 1 ns (a) NVT and (b) NPT simulation (c) Potential energy plot of energy 
minimization for 1 ns
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Table 1. Computed BSSE corrected binding energy (in kcal mol-1) for singlet and triplet spin states for the orientation 1 at CAMB3LYP level theory 
for all ligated dimeric clusters

Au6-dimer
∆ (Triplet) ∆ (singlet) BE

⍺ β Singlet Triplet

[Au6]2 - - 4.21 -6.81 2.12

[Au6H]2 3.082 2.625 4.357 -33.07 7.55

[Au6CH3]2 4.596 4.145 1.569 -4.44 3.01

[Au6C2H5]2 5.244 4.176 1.005 -42.60 2.66

[Au6C5H9]2 4.924 4.306 0.787 -44.01 11.89

[Au6C6H11]2 4.659 4.517 0.637 -34.13 0.86

[Au6C6H5]2 4.851 4.275 0.578 -34.45 -1.68

[Au6C6H4CH3]2 4.833 4.292 0.502 -35.15 -1.82

[Au6C2H]2 5.004 2.649 0.794 -33.79 4.11

[Au6C2CH3]2 4.966 2.654 0.762 -36.23 -4.42

[Au6C2C6H5]2 4.621 2.704 0.533 -42.63 -8.24

We have calculated the attractive and repulsive force between the dimers as a function of inter-cluster distance 
(Figure 3). We have stabilized the dimeric clusters in the singlet and triplet spin states. 

Figure 3. The relative electronic energy with respect to inter cluster distance for all the geometries studies for orientation I

The singlet state refers to a state where the total spin of the electrons in the dimeric system is zero, while the triplet 
state refers to a state where the total spin is one. The singlet state is more stable with negative binding energy, while the 
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triplet state has positive binding energy (Table 1). The lesser stability of triplet states might be the effect of spin pairing 
and the strength of the exchange interaction between the two monomers. The [Au6]2 dimeric bare clusters show the 
equilibrium inter-cluster distances of 2.8 Å at the singlet state (Figure 4). 

Figure 4. Computed lowest energy geometries of all the ligated cluster of orientation I at CAMB3LYP level theory, inter-cluster distances are given in Å

The ligation leads to three orientations: I, II, and III. In orientations I and II, ligand-ligand and ligand-metal 
interfaces exist with an inter-nuclear distance of 1.6 to 2.1 Å. At the same time, the optimization of orientation-III 
leads to a cluster with [Au12L2] unit in all ligated forms. The interaction and interaction distance of dimer [Au6C6H5]2 
are given in Figure 5 to show the stability of different orientations. Similar studies have been carried out for the other 
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ligated clusters of [Au6H]2, [Au6CH3]2, [Au6C2H5]2, [Au6C5H9]2, [Au6C6H11]2, [Au6C6H5]2, [Au6C6H4CH3]2, [Au6C2H]2, 
[Au6C2CH3]2 and [Au6C2C6H5]2 in three different orientations. We have observed a comparable pattern in all the chosen 
models, and the inter-cluster distance given in Figures 3 and 4, is found to follow the same trend. The van der Waals 
interaction dominates the interface, where the inter-cluster distances are proportional to ligand size, shape, and the 
electron cloud’s polarizability. Herein, the distance between clusters is typically minimal, leading to a significant 
increase in interactions reflected in binding energy.

Figure 5. Optimized geometry of different orientations of [Au6C6H5]2 models. Note that orientation-III leads to the Au12(C6H5)2

The computed negative binding energies show the larger stabilization of the cluster in the monomer-ligated form 
(Table 1). Among the clusters [Au6C2C6H5]2 has the highest negative values with larger binding affinity, and others 
exist in the following order [Au6C2C6H5]2 > [Au6C5H9]2 > [Au6C2H5]2 > [Au6C2CH3]2 > [Au6C6H4CH3]2 > [Au6C6H5]2 
> [Au6C6H11]2 > [Au6C2H]2 > [Au6H]2 > [Au6]2 > [Au6CH3]2. The molecular electrostatic potential maps simulated to 
understand the types of interactions between the clusters in all three orientations of [Au6C2C6H5]2 and [Au6C6H5]2 as 
shown in Figure 6; The MEP plots exhibit a symmetric pattern, wherein ML-LM displays vertical reflection symmetry, 
a feature absent in the other two orientations. The three interfaces demonstrate distinct distribution patterns:

(i) Orientation I, molecular electrostatic potential (MEP) plot shows a symmetric charge distribution, where both 
monomers have the same charge distribution pattern. 

(ii) In Orientation II, the charge is wholly delocalized over the entire system. 
(iii) In orientation III, the dipole is generated as in a ligated monomeric cluster, where the positive polarization is 

at the central metal cluster and the ligands are negatively polarized at the terminal. The delocalization at the interface 
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provide evidence for the formation of a larger cluster via chemical bond.

Figure 6. The molecular electrostatic potential for [Au6C2C6H5]2 and [Au6C6H5]2 models in all three orientations

Figure 7. Orbital plots of all the dimers [Au6C2H5]2 in three different orientations plotted at the CAM-B3LYP level with an isocontour value of 0.02 Å-3
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Figure 8. Computed HOMO and LUMO energies in eV plotted for orientation I, orientation II, and orientation III

Table 2. Computed E(HOMO), E(LUMO), ∆(HOMO-LUMO), VEA, VIP and electronic properties, charging energy Uc as VEA + VIP = E(N + 1) – 2E(N) + E(N – 1) 
in eV and λmax in nm of various ligated dimers at CAMB3LYP theory for orientations I and II and Alkynyl ligated dimers (in Bold font [48-51])

Models E(HOMO) E(LUMO) ∆ (eV) VEA VIP Uc (eV) λmax (nm)

[Au6]2 -7.515 -3.305 4.21 3.025 -7.786 4.761 496

[Au6H]2
I
II

-7.389
-7.110

-3.032
-4.447

4.357
2.663

2.731
2.812

-7.636
-7.421

4.905
4.609

462
565

[Au6CH3]2
I
II

-6.134
-6.445

-4.565
-4.193

1.569
2.252

4.297
4.321

-6.411
-5.878

2.114
1.557

1,086
1,176

[Au6C2H5]2
I
II

-5.964
-6.023

-4.959
-4.774

1.005
1.249

4.847
5.216

-6.074
-6.457

1.227
1.241

952
1,012

[Au6C5H9]2
I
II

-5.434
-5.455

-4.647
-4.202

0.787
1.253

4.705
4.122

-5.652
-4.989

0.947
0.867

5,612
6,357

[Au6C6H11]2
I
II

-5.361
-5.404

-4.723
-4.377

0.637
1.027

4.500
4.763

-5.671
-5.788

1.171
1.025

7,600
8,012

[Au6C6H5]2
I
II

-5.757
-5.875

-5.179
-5.051

0.578
0.824

4.895
5.231

-6.064
-6.121

1.169
0.890

14,122
15,014

[Au6C6H4CH3]2
I
II

-5.669
-5.702

-5.167
-4.914

0.502
0.788

4.902
4.895

-5.888
-5.723

0.986
0.828

23,295
22,123

[Au6C2H]2
I
II

-6.748
-6.568

-5.954
-5.731

0.794
0.807

5.907
5.612

-6.064
-5.981

0.156
0.369

17,211
18,321

[Au6C2CH3]2
I
II

-6.600
-6.654

-5.838
-5.723

0.762
0.931

5.855
5.642

-5.824
-5.762

0.031
0.120

16,685
16,754

[Au6C2C6H5]2
I
II

-6.428
-6.571

-5.895
-5.678

0.533
0.893

5.864
5.324

-5.657
-5.581

0.206
0.257

18,665
19,012
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Moreover, the computed dipole moment analysis shows that ligated clusters are more polarized than bare clusters, 
and the dipole moment points towards the ligand plane (Table S1). The order of polarization for the ligated dimeric 
nanoclusters follows alkane ligated < aromatic ligated < cycloalkane ligated, and concerning orientation follows 
orientation II > orientation I > orientation III (Table 1). The more significant polarization in the charges at the computed 
orientations II and I is due to the distortion in reflection symmetry between the monomeric clusters in dimeric form 
(Figure 1).

We have plotted and analyzed the fermi-level molecular orbitals to understand the charge distribution pattern. 
Irrespective of orientations, the computed eigenfunctions in Figure 7 show the significant contribution of ligands 
and metal at the fermi level (HOMO and LUMO). This provides evidence for the charge polarization at the dimeric 
cluster, as observed in the ligated monomeric cluster. The ligand 2p and gold 3d orbitals were found to be dominant 
at the HOMO and LUMO (Figures S1 in Appendix). The overlapping between the atomic orbitals leads to a dominant 
σ-bond between ligands and metal clusters in all models except in the alkynyl ligand-coordinated ML-ML and ML-LM 
dimers. The alkynyl group shows the π bonding modes (with back bonding features). Note that the σ, π, and extended 
conjugation were found to support the decrease in HOMO-LUMO gaps (Figure S1 and Table 2 and Table S3 in 
Appendix) in orientations I and II.

Moreover, the symmetry of the ligand was also found to play a role as a higher rigid (aromatic ring) containing 
[Au6C6H4CH3]2, [Au6C2C6H5]2, and [Au6C6H5]2 models having lower HOMO-LUMO gap. The computed eigenvalues 
in Figure 8 show that in orientations I and II, LUMO orbitals are more stabilized than in orientation III owing to the 
delocalization of electron density distribution. The eigenfunctions of HOMO and LUMO have similar distribution 
patterns, and the gap occurs due to the dimer’s symmetry breaking. In Figure 8 and Table 2, we have given the 
computed HOMO-LUMO gaps (∆) for all three orientations. Orientations I and II were found to decrease the ∆ values, 
while orientation III showed a similar trend as monomeric ligated clusters. The degeneracy between the orbitals of 
monomeric units was apparent from the HOMO-LUMO plots of LM-ML interface clusters. Hence the [Au12L2] and 
[Au6L2] were found to follow a similar trend in the properties. The polarization of the ligand triggers the stabilization 
and destabilization factors when compared to bare [Au6]2 dimers. Among the model studied here the [Au6C6H4CH3]2 
[Au6C2C6H5]2 and [Au6C6H5]2 models have the lowest ∆ values of 0.502, 0.533, and 0.578 eV, respectively. The effect 
of functional in the HOMO-LUMO gaps was analyzed by choosing wB97XD and M06HF functional, which follow the 
same trend as CAM-B3LYP (Figure 9 and Table S2 in Appendix).

Figure 9. Computed HOMO and LUMO energies in eV plotted for all the aggregations studied with the Functional CAM-B3LYP, CAM-B3LYP (PCM, 
H20), wB97XD, M06-HF

Further, we have considered the implicit solvent media to understand the effect of solvent for orientation I. The 
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water dielectric medium destabilizes the LUMO; as a result, the ∆ value increased by 1.5 eV on [Au6C6H4CH3]2, 
[Au6C2C6H5]2, and [Au6C6H5]2 models (Table S2 in Appendix). This strongly suggests the importance of the first 
neighbor and its orientations. In extension of this, we have introduced the external uniform electric field to see the 
effect on HOMO and LUMO energies and eigenfunctions. The polarization effects of an electric field are shown by the 
increasing dipole moments and charge localization on the gold clusters with an increase in field strength (Table 3). The 
presence of a uniform electric field does not alter the eigenvalues and eigenfunctions due to the complete delocalization 
of charges in the dimer [Au6C2C6H5]2 and [Au6C6H5]2 (Figure 5).

Table 3. Computed E(HOMO), E(LUMO), ∆(HOMO-LUMO) in eV and Charge of a single unit in the dimer in e for different electric field applied for 
various ligated dimers in orientation I

Au6-dimer
Electric field (4 × 10-4) Electric field (8 × 10-4) Electric field (1 × 10-3)

E(HOMO) E(LUMO) ∆ (eV) Charge E(HOMO) E(LUMO) ∆ (eV) Charge E(HOMO) E(LUMO) ∆ (eV) Charge

[Au6]2 -7.606 -3.397 4.209 0.016 -7.695 -3.491 4.204 0.027 -7.738 -3.538 4.2 0.032

[Au6H]2 -7.376 -2.999 4.377 0.070 -7.371 -3.003 4.368 0.089 -7.367 -3.006 4.361 0.099

[Au6CH3]2 -6.134 -4.563 1.571 0.043 -6.135 -4.561 1.574 0.102 -6.136 -4.560 1.576 0.131

[Au6C2H5]2 -5.957 -4.951 1.006 0.045 -5.948 -4.941 1.007 0.114 -5.943 -4.936 1.007 0.148

[Au6C5H9]2 -5.438 -4.651 0.787 0.119 -5.441 -4.654 0.787 0.201 -5.442 -4.655 0.787 0.242

[Au6C6H11]2 -5.356 -4.718 0.638 0.097 -5.352 -4.714 0.638 0.191 -5.351 -4.712 0.639 0.238

[Au6C6H5]2 -5.754 -5.155 0.599 0.102 -5.751 -5.172 0.579 0.200 -5.750 -5.171 0.579 0.249

[Au6C6H4CH3]2 -5.665 -5.162 0.503 0.115 -5.662 -5.159 0.503 0.224 -5.661 -5.158 0.503 0.279

[Au6C2H]2 -6.748 -5.950 0.798 0.079 -6.750 -5.947 0.803 0.162 -6.752 -5.945 0.807 0.202

[Au6C2CH3]2 -6.599 -5.835 0.764 0.018 -6.602 -5.832 0.77 0.107 -6.604 -5.830 0.774 0.151

[Au6C2C6H5]2 -6.426 -5.892 0.534 0.114 -6.427 -5.887 0.54 0.232 -6.428 -5.884 0.544 0.291

Further, the influence of the electrochemical properties, the charging energies (Uc), were computed by vertically 
oxidizing and reducing the cluster (Table 2). The computed results show that the addition of electrons requires lower 
energy than the removal of an electron as a characteristic of the gold clusters. As expected, orientation III follows 
a similar trend as [Au6L]. Further, the computed charging energy for orientations I and II decreased as the result of 
interface interactions from bare [Au6]: 4.76 eV to ligated [Au6C6H4CH3]2: 0.98 eV in the series (Table 2). The ligated 
clusters [Au6C5H9]2 and [Au6C2CH3]2 in orientations I and II have 0.03 eV which is smaller than the measured Uc of 
the larger size Au55 cluster (0.3-0.5 eV) [57, 65]. This suggests that the orderly arranged smaller cluster can mimic the 
larger size cluster properties. The electron density difference between the neutral and charged clusters was plotted to 
understand the influence of ligands in charging and discharging. The complete delocalized electron density pattern 
shows that the electrons are added and removed from both the units of the metal cluster (Figure 10 and Figure S2 in SI). 
The larger extent of delocalization might be the reason for the lowering of Uc in orientations I and II.

The absorption wavelength is inversely proportional to the HOMO-LUMO gaps. The delocalized nature of the 
orbitals results in HOMO to LUMO excitation in all three orientations. The change in ∆ value reflected in the red-shift 
by λmax 450 to 23,300 nm during the ligation (Table 2) of orientations I and II. However, in the orientation-III is found 
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to have an absorption maximum between 450 to 700 nm.

Figure 10. Computed plots of electron density difference between the neutral and charged clusters, where (a) [Au6] (b) [Au6H]2, (c) [Au6CH3]2, (d) 
[Au6C2H5]2, plotted with a contour value of 0.02 Å-3

4. Conclusion
The work concludes that self-assembly, and interface is a controlling parameter and plays a vital role in tuning the 

HOMO-LUMO gap. Three dominant interfaces are possible while dimerizing the ligated clusters. The M-M interface 
leads to the formation of the larger single cluster as in orientation III. The formation of larger clusters shifts the 
absorption to a larger wavelength, where the ligand plays a major role. The ML-ML and ML-LM interfaces can tune the 
electronic properties effectively. The computations suggest at the microscopic level, the interface symmetry was found 
to alter the degeneracy between the monomeric unit which influences the electronic structure of the dimeric unit. The 
removal of degeneracy decreases the HOMO-LUMO gap by increasing the polarization. Especially, [Au6C6H4CH3]2 
dimeric clusters in ML-ML and ML-LM interface had very low (0.5 eV) HOMO-LUMO gap that consequently makes 
the Uc smaller which might make them ideal candidates for single electron transistor. Further, the computations 
show that the smaller-size clusters can also be self-assembled with appropriate orientations to mimic the bulk cluster 
properties. The interface properties of ligand-protected clusters and the understanding of ligand effects are essential for 
the control of charge transfer and redox properties in small arrays in view of Nanoelectronics applications.
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Appendix
Method and software

The ligated dimeric metal clusters were considered with [Au6L]2 configurations for the present study. The 
AMBER99 force-fields are used to model ligands/solvents and the neutral metal atoms are modeled as Lennard-Jones 
(LJ) particles. The LJ parameters are taken from literature for gold atoms. These parameters are already used to study 
the interaction between ligand and metal clusters, which shows the reliability of the parameters. The transferable 
intermolecular potential three point (TIP3P) model is considered for water solvent. The MD simulation is performed 
using the GROMACS-5.1.1 MD package in an initial cubic water box of length 10 Å at room temperature (298 K) 
and constant atmospheric pressure (1 atm). Initially, the high energy contacts between the monomers in the initial 
conformations are removed by minimizing the energy using the steepest descent method. Following that, NPT and 
NVT simulations are carried out using a leap-frog algorithm for integrating Newton’s equation of motion for 1.0 ns 
at constant temperature and pressure. The periodic boundary condition is applied in all three directions. Electrostatic 
interactions are calculated with the Particle Mesh Ewald (PME) method. The time step for the MD simulation is 1.5 fs. 
Atomic coordinates are recorded for every 7.5 ps for trajectory analysis.

DFT calculations are carried out with CAM-B3LYP long-range, wB97XD, and M06-HF dispersion corrected 
functional, LANL2DZ pseudopotential for Au, and 6-31 + G(d) basis set for all other atoms. Natural charges have 
been calculated using Natural charge analysis to check the charge distribution in the dimer. All the geometries were 
considered the lowest energy by performing a scan along with the coordinates method. The basis set superposition error 
(BSSE) in interaction energy value is attuned using the Boys and Bernardi counterpoise correction method as set in 
Gaussian 09 package. Time-dependent density functional theory has been calculated using the same level of theory for 
all the aggregations.

Table S1. Computed dipole moment for singlet states of all three orientations of all the ligated dimeric clusters at CAM-B3LYP level theory
 

Au6-dimer
dipole moment (Debye)

Orientation I Orientation II Orientation III

[Au6]2 0.537 - -

[Au6H]2 0.125 2.590 0.295

[Au6CH3]2 0.053 4.615 0.435

[Au6C2H5]2 1.574 13.536 1.364

[Au6C5H9]2 1.512 16.265 1.601

[Au6C6H11]2 0.485 11.829 0.491

[Au6C6H5]2 0.684 1.315 0.395

[Au6C6H4CH3]2 0.568 7.714 0.269

[Au6C2H]2 1.360 5.184 2.558

[Au6C2CH3]2 1.198 2.306 1.201

[Au6C2C6H5]2 1.207 8.211 1.609
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Figure S1. Orbital plots of all the dimers in orientation I studied with CAM-B3LYP functional, plotted with an isocontour value of 0.02 Å-3. (a) [Au6] 
and orientation 1 of (b) [Au6H]2, (c) [Au6CH3]2, (d) [Au6C2H5]2, (e) [Au6C5H9]2, (f) [Au6C6H11]2, (g) [Au6C6H5]2 and (h) [Au6C6H4CH3]2, (i) [Au6C2H]2, (j) 
[Au6C2CH3]2, and (k) [Au6C2C6H5]2

Table S2. Computed E(HOMO), E(LUMO), ∆(HOMO-LUMO) in eV for dimeric models at the CAM-B3LYP functional 

Dimer E(HOMO) E(LUMO) ∆ (eV)

[Au6]2 -7.97 -2.337 5.633

[Au6H]2 -7.409 -2.448 4.961

[Au6CH3]2 -7.068 -2.284 4.784

[Au6C2H5]2 -7.222 -1.970 5.252

[Au6C5H9]2 -6.887 -1.972 4.915

[Au6C6H11]2 -6.735 -2.083 4.652

[Au6C6H5]2 -7.182 -2.306 4.876

[Au6C6H4CH3]2 -7.132 -2.271 4.861

[Au6C2H]2 -7.458 -2.269 5.189

[Au6C2CH3]2 -7.354 -2.256 5.098

[Au6C2C6H5]2 -7.050 -2.102 4.948

LUMO

LUMO

LUMO LUMO

LUMO

HOMO

(a)

(e)
(f)

(i)

(k)

(j)

(g)
(h)
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HOMO

HOMO HOMO
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Figure S2. Computed plots of electron density difference between the neutral and charged clusters, where (e) [Au6C5H9]2, (f) [Au6C6H11]2, (g) [Au6C6H5]2 
and (h) [Au6C6H4CH3]2, plotted with a contour value of 0.02 Å-3

Table S3. Computed E(HOMO), E(LUMO), ∆(HOMO-LUMO), VEA, and VIP in eV at CAM-B3LYP, wB97XD, and M06-HF functional for all the ligated dimeric 
clusters 

Models E(HOMO) E(LUMO) ∆ (eV) VEA VIP

[Au6]2

CAMB3LYP
PCM

-7.515/
-6.936

-3.305/
-2.553

4.21/
4.38 -3.025 -7.786

wB97XD -7.938 -2.701 5.237 -2.905 -7.714

M06HF -8.806 -2.306 6.50 -3.102 -7.726

[Au6H]2

CAMB3LYP
PCM

-7.389/
-7.260

-3.032/
-1.893

4.357/
4.367 -2.731 -7.636

wB97XD -7.817 -2.427 5.39 -2.638 -7.594

M06HF -8.716 -2.189 6.527 -2.818 -7.684

[Au6CH3]2

CAMB3LYP
PCM

-6.134/
-5.805

-4.565/
-3.736

1.569/
2.069 -4.297 -6.411

wB97XD -6.398 -4.152 2.246 -4.324 -6.221

M06HF -6.664 -4.267 2.397 -4.798 -5.839

[Au6C2H5]2

CAMB3LYP
PCM

-5.964/
-5.78

-4.959/
-4.054

1.005/
1.726 -4.847 -6.074

wB97XD -6.186 -4.644 1.542 -4.907 -5.555

M06HF -6.401 -4.869 1.532 -5.769 -5.480

Anion

Cation

Cation

Anion

(e)

(g) (h)

(f)
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[Au6C5H9]2

CAMB3LYP
PCM

-5.434/
-5.429

-4.647/
-3.844

0.787/
1.585 -4.705 -5.652

wB97XD -5.589 -4.373 1.216 -4.606 -5.129

M06HF -5.85 -4.616 1.234 -5.394 -4.854

[Au6C6H11]2

CAMB3LYP
PCM

-5.36/
-5.498

-4.723/
-3.674

0.637/
1.824 -4.500 -5.671

wB97XD -5.46 -4.473 0.987 -4.725 -5.223

M06HF -5.644 -4.668 0.976 -5.576 -4.753

[Au6C6H5]2

CAMB3LYP
PCM

-5.757/
-5.954

-5.179/
-3.899

0.578/
2.055 -4.895 -6.064

wB97XD -5.841 -4.945 0.896 -5.205 -5.611

M06HF -6.055 -5.183 0.872 -6.171 -5.087

[Au6C6H4CH3]2

CAMB3LYP
PCM

-5.669/
-5.929

-5.167/
-3.901

0.502/
2.028 -4.902 -5.888

wB97XD -5.732 -4.955 0.777 -5.211 -5.499

M06HF -5.952 -5.192 0.76 -6.188 -4.996

(1) [Au6]2

Au  -0.64035969 2.74691165 0.79701086
Au  -1.33586728 0.20929036 0.28786773
Au  1.38431106 1.09976250 0.18683300
Au  -1.82397304 -2.36962963 -0.25445769
Au  0.75149490 -1.63728369 -0.37539816
Au  3.26326701 -0.70483964 -0.44271962
Au  9.30123397 3.52038666 -0.22571200
Au   7.59720657 1.45447427 -0.32951928
Au  10.43190640 1.11221198 -0.55279544
Au  6.06301177 -0.73935674 -0.45814363
Au  8.69997967 -1.16660614 -0.67689120
Au  11.36424067 -1.37985074 -0.87493978

(2) [Au6H]2

Au  -3.85977369 1.20175970 -0.08147238
Au  -3.98518739 -1.46244957 -0.34365499
Au  -1.49599899 -0.04783658 -0.27064768
Au  -3.89663016 -4.12766197 -0.61196982
Au  -1.51540809 -2.89866585 -0.55415735
Au  0.75863555 -1.48254713 -0.47468096
Au  8.00161518 3.47728012 -0.26435357
Au  6.29758778 1.41136773 -0.36816085
Au  9.13228761 1.06910544 -0.59143701
Au  4.76339298 -0.78246328 -0.49678520
Au  7.40036088 -1.20971268 -0.71553277
Au  10.06462188 -1.42295728 -0.91358135
H  3.25355820 -1.42194352 -0.46416658
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H  2.39800189 -1.48926231 -0.51976864

(3) [Au6CH3]2

Au  -3.88914833 1.19735088 -0.08567868
Au  -4.01456203 -1.46685839 -0.34786129
Au  -1.52537363 -0.05224540 -0.27485398
Au  -3.92600480 -4.13207079 -0.61617612
Au  -1.54478273 -2.90307467 -0.55836365
Au  0.72926091 -1.48695595 -0.47888726
Au  10.48722109 4.21244602 -0.54866527
Au  8.88411136 2.07019620 -0.39607362
Au  11.73569163 1.84058412 -0.53130328
Au  7.45710096 -0.19365563 -0.24839608
Au  10.11508684 -0.51647724 -0.37041871
Au  12.78990255 -0.62337415 -0.50048463
H  3.12437237 -1.84270286 0.33258378
H  3.07898212 -2.08316803 -1.28196968
H  3.10167724 -0.56415067 -0.68302239
H  5.65918169 -1.84564202 0.49995362
H  4.95382379 -0.40123441 0.21216281
H  5.33882023 -1.38451324 -1.03347243
C  5.61781256 -1.06765317 -0.12696100
C  2.76847270 -1.49530898 -0.53497194

(4) [Au6C2H5]2

Au  -7.80334134 0.26153377 -1.16794740
Au  -7.92889495 -2.40215561 -1.43529457
Au  -5.43963174 -0.98781951 -1.35952581
Au  -7.84047764 -5.06684764 -1.70877421
Au  -5.45919052 -3.83809285 -1.64856089
Au  -3.18507204 -2.42225209 -1.56632183
Au  9.37883053 4.88126909 -1.40561436
Au  8.12443559 2.51376665 -1.46810302
Au  10.97922481 2.73467931 -1.53051221
Au  7.06291943 0.05382461 -1.53924415
Au  9.74067948 0.15225504 -1.60173280
Au  12.40175550 0.46658186 -1.65517652
C  0.37264089 -1.61824192 -1.43711178
C  -1.12349316 -1.97780930 -1.49951528
H  -0.96143892 -2.79745866 -0.83107429
C  5.01137835 -0.43189993 -1.45350688
H  5.15603704 -0.87269699 -0.48931197
C  3.51404350 -0.78640263 -1.39092759
H  2.93801599 0.02938362 -1.77509565
H  0.80628445 -2.04756644 -0.55817280
H  3.23400192 -0.97369754 -0.37535025
H  0.48278857 -0.55438117 -1.40600230
H  0.86837136 -2.00294886 -2.30380196
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H  3.32975654 -1.66120431 -1.97885646
H  5.11575799 -1.02847860 -2.33560595
H  -1.04518918 -2.15020117  -2.55262949

(5) [Au6C5H9]2

Au  -3.47368067 -2.81918363 -0.16314633
Au  -1.14671918 -1.15998239 -0.34974830
Au  -3.17365257 -5.44276968 -0.62137301
Au  -0.93762554 -3.97830712 -0.82018157
Au  1.17837496 -2.34026397 -0.96964626
Au  15.99868905 5.52258393 -1.67406099
Au  14.74450768 3.15486853 -1.73264578
Au  17.59930716 3.37588927 -1.79419726
Au  13.68321618 0.69471266 -1.79962267
Au  16.36099614 0.79323721 -1.86110170
Au  19.02207111 1.10767350 -1.91395030
C  3.16352835 -1.80609296 -1.44496444
C  4.10409839 -0.66287232 -1.09222326
C  4.00987912 -2.98675137 -1.89958681
H  2.45933920 -1.49539031 -2.25735072
C  5.52226382 -1.10257383 -1.42618524
H  4.02055770 -0.41240002 -0.00455360
H  3.83350962 0.25981144 -1.66395893
C  5.47048908 -2.56058523 -1.85970266
H  3.72115335 -3.29821457 -2.93487481
H  3.84203496 -3.86897154 -1.23209754
H  5.94327881 -0.46784610 -2.24624976
H  6.19179974 -0.97956800 -0.53846549
H  5.94421746 -2.68755664 -2.86529469
H  6.04336100 -3.20104618 -1.14275032
C  11.63957553 0.19213432 -1.64780725
C  11.44262900 -1.29538063 -1.90189991
C  10.27891488 0.79907754 -1.33608951
H  12.08987473 0.68505369 -2.54594482
C  9.94984068 -1.58651067 -1.84816429
H  11.98421422 -1.89675449 -1.12874038
H  11.86393328 -1.58357276 -2.89733615
C  9.23813120 -0.30739882 -1.43132171
H  10.04357046 1.62100216 -2.05806323
H  10.27668879 1.25034170 -0.31218437
H  9.58362968 -1.92652060 -2.84962397
H  9.73541705 -2.41047236 -1.12251646
H  12.08987473 0.68505369 -2.54594482
C  9.94984068 -1.58651067 -1.84816429
H  11.98421422 -1.89675449 -1.12874038
H  11.86393328 -1.58357276 -2.89733615
C  9.23813120 -0.30739882 -1.43132171
H  10.04357046 1.62100216 -2.05806323
H  10.27668879 1.25034170 -0.31218437
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H  9.58362968 -1.92652060 -2.84962397
H  9.73541705 -2.41047236 -1.12251646
H  8.44660727 -0.03904761 -2.17511813
H  8.72865919 -0.44845840 -0.44494775

(6) [Au6C6H11]2

Au  -8.28224349 0.16056759 -1.15193805
Au  -8.40774380 -2.50261826 -1.42428000
Au  -5.91853613 -1.08827446 -1.34684838
Au  -8.31927564 -5.16678192 -1.70284369
Au  -5.93803909 -3.93799630 -1.64127498
Au  -3.66397359 -2.52217339 -1.55728236
Au  12.40212399 4.63362588 -1.79928370
Au  11.14794262 2.26591048 -1.85786850
Au  14.00274209 2.48693122 -1.91941998
Au  10.08665111 -0.19424539 -1.92484539
Au  12.76443107 -0.09572084 -1.98632442
Au  15.42550604 0.21871545 -2.03917302
C  -1.60239471 -2.07773060 -1.49047581
C  -0.94029318 -2.90042207 -0.40393577
C  -0.97926341 -2.35291595 -2.84418315
H  -1.50001149 -0.98746459 -1.24756212
C  0.55754526 -2.67408813 -0.37566635
H  -1.14942201 -3.98824099 -0.58079445
H  -1.37948393 -2.63052846 0.59150438
C  0.51847769 -2.12578721 -2.81610141
H  -1.19021347 -3.41334725 -3.14306843
H  -1.44580777 -1.68625793 -3.61512085
C  1.18123742 -2.94708051 -1.72905588
H  1.02386506 -3.34199701 0.39435247
H  0.76869900 -1.61421644 -0.07489277
H  0.95775540 -2.39610691 -3.81134422
H  0.72687070 -1.03763152 -2.64014772
H  2.27596764 -2.70863201 -1.69294629
H  1.08154258 -4.03759177 -1.97235005
C  8.04120974 -0.71120419 -1.95683302
C  7.47215812 -1.28365719 -3.23911488
C  7.62601785 -1.53634003 -0.75545478
H  7.68155794 0.34331718 -1.82720043
C  5.96532533 -1.42121493 -3.16114682
H  7.92860821 -2.28994274 -3.43252265
H  7.74431695 -0.61929691 -4.10003714
C  6.11912504 -1.67320273 -0.67705117
H  8.09003599 -2.55528299 -0.82465947
H  8.00861980  -1.05467238 0.18159032
C  5.54908170 -2.24436728 -1.95933926
H  5.58330166 -1.90426787 -4.09773808
H  5.50104909 -0.40224252 -3.09390500
H  5.84695529 -2.33791350 0.18354694
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H  5.66340366 -0.66671716 -0.48269323
H  4.43042846 -2.27290637 -1.89303464
H  5.90621200 -3.29986988 -2.08863789

(7) [Au6C6H5]2

Au  -8.02650137 0.20621465 -1.16991607
Au  -8.15205498 -2.45747473 -1.43726324
Au  -5.66279177 -1.04313863 -1.36149448
Au  -8.06363767 -5.12216676 -1.71074288
Au  -5.68235055 -3.89341197 -1.65052956
Au  -3.40823207 -2.47757121 -1.56829050
Au  12.87133100 4.81101130 -1.74267909
Au  11.61693606 2.44350886 -1.80516775
Au  14.47172528 2.66442152 -1.86757694
Au  10.55541990 -0.01643318 -1.87630888
Au  13.23317995 0.08199725 -1.93879753
Au  15.89425597 0.39632407 -1.99224125
C  -1.34665319 -2.03312842 -1.50148395
C  -0.62329496 -3.22144408 -1.60698374
C  -0.67919166 -0.80837106 -1.49793035
C  0.76725893 -3.18494517 -1.70822326
H  -1.14974732 -4.18688994 -1.60898184
C  0.71170913 -0.77164480 -1.60018525
H  -1.24916829 0.12831069 -1.41496673
C  1.43499541 -1.95965528 -1.70518560
H  1.33753247 -4.12157412 -1.79075086
H  1.23767218 0.19418711 -1.59777073
C  8.50387882 -0.50215772 -1.79057161
C  7.54636638 0.51026789 -1.85865773
C  8.10400387 -1.83640344 -1.71683878
C  6.18930105 0.18846773 -1.85232602
H  7.86193725 1.56210836 -1.91600255
C  6.74657357 -2.15852801 -1.71148920
H  8.85854181 -2.63448893 -1.66334986
C  5.78922990 -1.14637098 -1.77907820
H  5.43451551 0.98645460 -1.90535666
H  6.43158948 -3.21063384 -1.65376080
H  2.50180664 -1.93189435 -1.78292312
H  4.74805632 -1.39301782 -1.77429227

(8) [Au6C6H4CH3]2

Au  -8.07025948 0.19571706 -1.17008421
Au  -8.19581309 -2.46797232 -1.43743138
Au  -5.70654988 -1.05363622 -1.36166262
Au  -8.10739578 -5.13266435 -1.71091102
Au  -5.72610866 -3.90390956 -1.65069770
Au  -3.45199018 -2.48806880 -1.56845864
Au  15.03886744 5.48001577 -1.67596794
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Au  13.78447250 3.11251333 -1.73845660
Au  16.63926172 3.33342599 -1.80086579
Au  12.72295634 0.65257129 -1.80959773
Au  15.40071639 0.75100172 -1.87208638
Au  18.06179241 1.06532854 -1.92553010
C  -1.39041130 -2.04362601 -1.50165209
C  -0.66705307 -3.23194167 -1.60715188
C  -0.72294977 -0.81886865 -1.49809849
C  0.72350082 -3.19544276 -1.70839140
H  -1.19350543 -4.19738753 -1.60914998
C  0.66795102 -0.78214239 -1.60035339
H  -1.29292640 0.11781310 -1.41513487
C  1.39123730 -1.97015287 -1.70535374
H  1.29377436 -4.13207171 -1.79091900
H  1.19391407 0.18368952 -1.59793887
C  10.67141526 0.16684675 -1.72386046
C  9.71390282 1.17927236 -1.79194658
C  10.27154031 -1.16739897 -1.65012763
C  8.35683749 0.85747220 -1.78561487
H  10.02947369 2.23111283 -1.84929140
C  8.91411001 -1.48952354 -1.64477805
H  11.02607825 -1.96548446 -1.59663871
C  7.95676634 -0.47736651 -1.71236705
H  7.60205195 1.65545907 -1.83864551
H  8.59912592 -2.54162937 -1.58704965
C  2.92664786 -1.93019789 -1.81723764
H  3.34257796 -2.78335499 -1.32324865
H  3.20950805 -1.94244036 -2.84910015
H  3.29466837 -1.03703737 -1.35710159
C  6.45825483 -0.83235355 -1.70547889
H  6.02214584 -0.52071676 -0.77941655
H  5.96964751 -0.33279742 -2.51579152
H  6.34179800 -1.89019326 -1.81644268

(9) [Au6C2H]2

Au  -8.35085798 2.73408585 0.67444811
Au  -8.97361623 0.17959841 0.15555951
Au  -6.28995092 1.16512811 -0.01529293
Au  -9.38876470 -2.40858629 -0.40313911
Au  -6.84481577 -1.58588716 -0.59150643
Au  -4.36977081  -0.56602822 -0.72198025
Au  10.13017858 3.70568449 -0.24846647
Au  8.42615118 1.63977210 -0.35227375
Au  11.26085101 1.29750981 -0.57554991
Au  6.89195638 -0.55405891 -0.48089810
Au  9.52892428 -0.98130831 -0.69964567
Au  12.19318528 -1.19455291 -0.89769425
C  -2.28385151 -0.34712126 -0.49150158
C  4.80027399 -0.35792309 -0.28469535
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C  -0.76142716 -0.18734464 -0.32328886
C  3.27364249 -0.21477231 -0.14150274
H  0.29636055 -0.07632820 -0.20640981
H  2.21293124 -0.11530622 -0.04201358

(10) [Au6C2CH3]2

Au  -9.82827494 2.63820664 0.64061890
Au  -10.45103319 0.08371920 0.12173030
Au  -7.76736788 1.06924890 -0.04912214
Au  -10.86618166 -2.50446550 -0.43696832
Au  -8.32223273 -1.68176637 -0.62533564
Au  -5.84718777 -0.66190743 -0.75580946
Au  10.56743827 3.71488392 -0.21463726
Au  8.86341087 1.64897153 -0.31844454
Au  11.69811070 1.30670924 -0.54172070
Au  7.32921607 -0.54485948 -0.44706889
Au  9.96618397 -0.97210888 -0.66581646
Au  12.63044497 -1.18535348 -0.86386504
C  -3.76126847 -0.44300047 -0.52533079
C  5.23753368 -0.34872366 -0.25086614
C  -2.23884412 -0.28322385 -0.35711807
C  3.71090218 -0.20557288 -0.10767353
C  -0.71642082 -0.12344320 -0.18889964
H  -0.22103915 -0.98226009 -0.59130559
H  -0.39013322 0.75285210 -0.70903709
H  -0.48030293 -0.02990521 0.85052278
C  2.18427101 -0.06241608 0.03551648
H  1.81105843 0.57157909 -0.74144072
H  1.72692185 -1.02675658 -0.04050424
H  1.95412193 0.36739532 0.98798358

(11) [Au6C2C6H5]2

Au  -12.43211250 2.78449881 0.44419315
Au  -13.05443465 0.23087876 -0.07946615
Au  -10.37101242 1.21730307 -0.24896842
Au  -13.46914792 -2.35631817 -0.64304171
Au  -10.92541113 -1.53272017 -0.83034289
Au  -8.45060837 -0.51208830 -0.95935889
Au  15.02516615 3.99313259 -0.14015861
Au  13.32149294 1.92671758 -0.23968713
Au  16.15621424 1.58453733 -0.46281643
Au  11.78767095 -0.26763293 -0.36381743
Au  14.42467648 -0.69482705 -0.58221911
Au  17.08894021 -0.90797205 -0.78033812
C  -6.36468907 -0.29318134 -0.72888025
C  9.69598856 -0.07149708 -0.16761466
C  -4.84226472 -0.13340471 -0.56066754
C  8.16935706 0.07165370 -0.02442204
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C  -3.31984142 0.02637594 -0.39244911
C  -2.56318737 0.60993046 -1.40901696
C  -2.69738533 -0.41218151 0.77620992
C  -1.18429857 0.75424075 -1.25715538
H  -3.05411012 0.95487837 -2.33056326
C  -1.31822450 -0.26700394 0.92868537
H  -3.29362044 -0.87197395 1.57759849
C  -0.56162063 0.31596980 -0.08779346
H  -0.58774096 1.21362424 -2.05864296
H  -0.82777641 -0.61250617 1.85040284
H  0.52558897 0.42991217 0.03174218
C  6.64272589 0.21481050 0.11876797
C  6.05021862 0.13873222 1.37956877
C  5.85235839 0.42063550 -1.01194129
C  4.66757832 0.26778647 1.50946314
H  6.67352571 -0.02431211 2.27071781
C  4.46938407 0.55073420 -0.88207116
H  6.31920049 0.48080039 -2.00570568
C  3.87689985 0.47421130 0.37834294
H  4.20042087 0.20720487 2.50313828
H  0.52558897 0.42991217 0.03174218
C  6.64272589 0.21481050 0.11876797
C  6.05021862 0.13873222 1.37956877
H  3.84650936 0.71342193 -1.77371796
H  2.78676450 0.57599515 0.48101377
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