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Abstract 

 Helicenes attract attention as simple models for screw-shaped biomolecules, such as proteins and 

nucleic acids. Recently, they have been recognized as potential building blocks in nanomaterial sciences 

and the interest in their chemistry and physico-chemical properties has remarkably increased. The 

pioneering synthesis and resolution of hexahelicene was afterward followed by successful photochemistry-

based attempts at the preparation of nearly homologous series of [n]helicenes. Helicenes as unique 3D 

polyaromatic systems are chemically stable, soluble in common organic solvents, and π-conjugated 

materials. This sets them apart from planar polyaromatic systems, which are often insoluable and unstable. 

Thus, helicenes represent an attractive objective for further research in various branches of chemistry and 

nanoscience. [1] For mechanical and electrical simulation of helicenes we used Atomistix ToolKit licensed by 

QuantumWise. It is combining DFT and NEGF for ab initio and semi-empirical calculations of structure and 

electron transport. We simulated molecular mechanics and basic electronic properties of [49]helicene 

structure in standalone and two electrode configuration. Electron density and electron transmisivities of this 

structure has been analyzed. 
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1. INTRODUCTION  

 Helicenes are polycyclic aromatic compounds comprised of ortho-fused benzene rings. The chemistry of 

helicenes has attracted persistent attention due to their unique structural, spectral and optical features. Steric 

repulsion of the terminal benzene rings forces the molecule to adopt a helical non-planar shape. Thus 

helicenes are inherently chiral, while lacking chiral centres. The non-superimposable clockwise and 

counterclockwise helices represent an example of helical chirality. Their twisted shape offers applications in 

nanoscale molecular machinery as ‘springs’ or ‘pawls’. [1] Further applications of helicenes can be found in 

the fields of non-linear optics and circularly polarized luminescence [2]. The unique structure of 

functionalized helicenes make them very stable towards acids, bases as well as being stable at high 

temperature. These type of molecules are considered as potentially useful in new materials such as discotic 

liquid crystals [3] or conjugated polymers [4]. Study of helical compounds is an active field of research in 

supramolecular chemistry due to their self-assembly and physicochemical properties [5]. During the last two 

decades, enormous advancement has been accomplished in understanding of the helicenes chemistry, 

which have been tremendously exploited in a variety of domains. Today, helical core effectively forms a 

design element in the development of chiroptical materials [6], photochromic materials [7], sensors [8], 

molecular level devices [9], organic electronics [10], NLO materials [11] etc. The most astounding feature is 

that helicenes (by virtue of their inherent chirality) are obvious choices for eliciting certain biological activities. 

In particular, investigation of the interactions of nucleic acids with small molecules is an active area of 

research insofar as the drug design in anticancer therapy is concerned [12, 13]. Moreover helicenes 

possessing inherent chirality have attracted attention owing to their extraordinary electronic and optical 

properties [14]. Directional electron transport properties of helicenes and potential charge-trapping properties 

make them ideal molecular components for nano-scale electronic materials. Recently, the theoretical 

formalisms that help in understanding, at an atomistic level, the role of the intermolecular forces in electron 
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transport mechanism and in nonlinear optical response of π-conjugated organic systems under various 

packing densities and different external field conditions have been revisited by several authors [15, 16]. 

2. MODEL AND METHOD 

 We were approaching by the same way as in our previous articles. [17] We used the Atomistix ToolKit 

simulation software with Virtual NanoLab user environment from QuantumWise [18, 19, 20]. We selected the 

proper structure, placed the carbon atoms in the original positions and passivated all the free bonds with 

hydrogen atoms. In order to reach thermodynamical equilibrium of the system, optimized atom positions are 

computed by molecular mechanics technique. We used embedded Brenner`s quick optimizer to optimize 

geometry of the chemical bonds so as the maximal component of interatomic forces was less than 10-5 eV/Å 

after the optimization. For electrical properties calculation we used semi-empirical Extended Hückel self 

consistent field (EH-SCF) method for nanoscale devices [21] in two terminal device mode. The simulated 

system is divided in two electrodes (source and drain) and the central region. Due to the used method, we 

need to extend the electrodes into the structure. In order to consider the electrodes as a bulk region, there is 

also a need to have enough space in the central region for both electrode extensions. In order to shorten 

simulation time, we used only [49]helicene structure shown on Fig. 1 (which is not periodic over assumed 

distance) while the first three and last three turns are considered as a part of respective (source, drain) 

electrodes. We also requested symmetrical structure of central region for invariant analysis. Considering 

periodicity of electrodes this makes two turns ([13]helicene) for effective central region (channel). The 

terminal two hydrogen atoms on both ends are, for purposes of periodic elongation of electrodes, removed 

after molecular mechanics optimization. 

Fig. 1 Stick model of [49]helicene used as channel with two periodically extended electrodes. Figure is  

  depicting result of Brenner's molecular mechanics optimization to maximal energy of interatomic 

forces of 10-5 eV/Å. 

3. NUMERICAL RESULTS 

 The set of results for molecular mechanics (Fig. 1) gives us a chiral structure with constant interpitch 

distance of 2 Å. This value may be disputed because neutral [n]helicene molecule should have interpitch 

distance around 3.75 Å. However, the overall molecular mechanics calculation by these means is giving us a 

rough picture about [49]helicene molecule. While in center are forces pressing atoms closer to each other, 

on edges there are steric repulsive forces pulling ends of molecule out. The complex interaction leads to 

twisting and to fact that single turns do not overlap with each other. 
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 As for the electronic transport properties, we analyzed electron density (Fig. 2) and transmission spectra 

(Fig. 3). The electron density analysis shows that electron density is highest around central helix, formed by 

energy levels associated with inner carbon atoms, and is decreasing as a function of distance from center of 

the structure while shape of isosurfaces follows the shape of helix. The transmission spectra shows high 

transmission peak around Fermi energy level if zero bias voltage applied. For small bias voltage applied (Fig. 

3 right) there is decrease of transmisivity around Fermi energy level and peak splits in two which roughly 

follow energy levels corresponding to applied bias voltage. 

Fig. 2 Electron density isosurface for value 0.79 [-]. 

 The transmission spectrum is disturbed by fact that for simulated 2 Å interpitch distance is presumably 

stronger interaction between particular turns and it creates higher total energy of system. This can be taken 

as a case where helicene molecule is forced to be compressed (e. g. by electrostatic forces or mechanical 

means) in a sensor. The electron density may change during this process and create measurable changes in 

channel (e. g change in current flowing through). 

 Fig. 3 Transmission spectra. Left: Zero bias. Right: Detail for 0, 0.2 and 0.4 V bias voltage. 

4. CONCLUSIONS 

 Based on our results, van der Waals force between particular turns of helicene need to be taken into 

account by more appropriate molecular mechanics method (e. g. DFT-D, dispersion corrected DFT) 

performed to give more reliable values of interpitch distance. Even though the simulated structure contains 

only 299 atoms, the  visible tendency of these larger structures is to have roughly the same stability as 

smaller helicenes. The electronic transport properties exhibit possible dirac point near fermi level similar to 

2D graphene structures. This implies possible utilization for inter-layer vias to connect different layers of (e. 

g.) graphene sheets with specified electronic transport properties (e. g. spin polarization). Moreover, electron 

density is periodic by nature of helicene molecule and therefore it can be used for compilation of oscillators 

for HF applications. The fact that electrons are with high probability localized in helical shape at the center of 

molecule is also interesting considering that there are benzene aromatic rings delocalizing electrons along 
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the whole molecule. The combination of de-localized and localized electrons may imply use in quantum 

computing applications as well. 

 Although this work is only a brief insight into helicene structure and electrical transport properties it shows 

that these molecules are stable and can form greater structures usable in electronics and other branches. 

This implies future use of these structures (e. g. as very sensitive sensors of mechanical strain or 

acceleration). Most important stays to say that there are already developed methods for these structures to 

be prepared by growth from chemical precursors which implies possible study by experimental means. 

ACKNOWLEDGEMENTS 

The work was supported by the student grant of CTU No. SGS 13/207/OHK3/3T/13. 

LITERATURE 

[1]  RULÍŠEK, L., EXNER, O., CWIKLIK, L., JUNGWIRTH, P., STARÝ, I., POSPÍŠIL, L., HAVLAS, Z., On the 

 Convergence of the Physicochemical Properties of [n]Helicenes, J. Phys. Chem. (2007) 

[2] PHILLIPS, K. E. S.; KATZ, T. J.; JOCKUSCH, S.; LOVENGER, A.; TURRO, N. J., Synthesis and properties of 

an aggregating heterocyclic helicene,  J. Am. Chem. Soc., 123, 11899 (2001) 

[3] NUCKOLLS, C., KATZ, T., J., VERBIEST, T., VAN ELSHOCHT, S., KUBALL, H.-G., KIESEWALTER, S., 

LOVINGER, A., J., PERSOONS, A., Circular Dichroism and UV-Visible Absorption Spectra of the Langmuir-

Blodgett Films of an Aggregating Helicene, J. Am. Chem. Soc., 120, 8656-8660 (1998) 

[4] FOX, J., M., LIN, D., ITAKAGI, Y., FUJITA, T., Synthesis of Conjugated Helical Acetylene-Bridged Polymers 

 and Cyclophanes, J. Org. Chem., 63, 2031 (1998) 

[5] PIETERS, G., GAUCHER, A., MARQUE, S., MAUREL, F., LESOT, P., PRIM, D., Regio-defined Amino-[5]oxa- 

 and Thiahelicenes: a Dramatic Impact of the Nature of the Heteroatom on the Helical Shape and Racemization 

 Barriers, J. Org. Chem., 75, 2096-2098 (2010) 

[6]  GRAULE, S., RUDOLPH, M., VANTHUYNE, N., AUTSCHBACH, J.; ROUSSEL, C.; CRASSOUS, J.; REAU, 

 R., Assembly of π-Conjugated Phosphole-Azahelicene Derivatives into Chiral Coordination Complexes: a 

Combined Experimental and Theoretical Study, Chem. Eur. J., 16, 5976-6005 (2010) 

[7]  WIGGLESWORTH, T., J., SUD, D., NORSTEN, T., B., LEKHI, V., S., BRANDA, N., R., Chiral discrimination in 

photochromic helicenes,  J. Am. Chem. Soc., 127, 7272-7273 (2005) 

[8]  LI, M., LU, H., Y., LIU, R., L., CHEN, J., D., CHEN, C., F., Turn-on fluorescent sensor for selective detection of 

Zn(2+), Cd(2+), and Hg(2+) in water,  J. Org. Chem., 77, 3670-3673 (2012) 

[9]  FUCHTER, M., J., SCHAEFER, J., JUDGE, D., K., WARDZINSKI, B., WEIMAR, M., KROSSING, I., [7]-

Helicene: a chiral molecular tweezer for silver(I) salts, Dalton Trans., 41, 8238-8241 (2012) 

[10]  SHI, L., LIU, Z., DONG, G., DUAN, L., QIU, Y., JIA, J., GUO, W., ZHAO, D., CUI, D., TAO, X., Synthesis, 

Structure, Properties, and Application of Carbazole-Based Diaza[7]helicene in a Deep-Blue-Emitting OLED,

 Chem. Eur. J., 18, 8092-8099 (2012) 

[11]  VERBIEST, T., ELSHOCHT, S., V., PERSOONS, A., NUCKOLLS, C., PHILLIPS, K., E., KATZ, T., J., 

 Second-order nonlinear optical properties of highly symmetric chiral thin films, Langmuir 17, 4685-4687 (2001) 

[12]  NEIDLE, S., WARING, M., In Molecular Aspects of Anticancer Drug-DNA Interactions, CRC Press, Boca Raton, 

FL, (1993) 

[13]  D’INCALCI, M., SESSA, C., DNA minor groove binding ligands: a new class of anticancer agents, Expert Opin. 

Invest. Drugs, 6, 875-884 (1997) 

[14] KIM, C., MARKS, T., J., FACCHETTI, A., SCHIAVO, M., BOSSI, A., MAIORANA, S., LICANDRO, E., 

TODESCATO, F., TOFFANIN, S., MUCCINI, M., GRAIFF, C., TIRIPICCHIO, A., Characterization and Transistor 

Response of Tetrathia-[7]-Helicene Precursors and Derivatives, Organic Electronics, 10, 1511-1520 (2009) 

[15]  DATTA, A., PATI, S.K., Dipolar interactions and hydrogen bonding in supramolecular aggregates: 

 understanding cooperative phenomena for 1st hyperpolarizability, Chem. Soc. Rev. 35, 1305-1323 (2006) 



Oct 14th – 16th 2015, Brno, Czech Republic, EU 

 

 

 

[16]  LAKSHMI, S., DUTTA, S., PATI, S.K., Molecular Electronics: Effect of Electric Field,  J. Phys. Chem. C 112, 

14718 (2008)  

[17] ŠMARHÁK, J., VOVES, J., Spin filtering ability of patterned graphene nanoribbons, Nanocon 2013 (2013) 

[18] Atomistix ToolKit version 12.2, QuantumWise A/S (www.quantumwise.com) (2015) 

[19] BRANDBYGE, M., MOZOS, J.-L., ORDEJÓN, P., TAYLOR, J., STOKBRO, K., Density-functional method for 

nonequilibrium electron transport, Phys. Rev. B 65, 165401 (2002) 

[20] SOLER, J. M., ARTACHO, E., GALE, J. D., GARCÍA, A., JUNQUERA, J., ORDEJÓN, P., SÁNCHEZ-PORTAL, 

D., J., The SIESTA method for ab initio order-N materials simulation, Phys. Condens. Matter 14, 2745 (2002) 

[21] STOKBRO, K., PETERSEN, D. E., SMIDSTRUP, S., BLOM ,A., IPSEN, M., KAASBJERG, K., Semiempirical 

model for nanoscale device simulations, Phys. Rev. B 82, 075420 (2010) 

[22] CAI, J., RUFFIEUX, P., JAAFAR, R., BIERRI, M., BRAUN, T., BLANKENBURG, S., MUOTH, M., SEITSONEN, 

A. P., SALEH, M., FENG, X., MÜLLEN, K., FASEL, R., Atomically precise bottom-up fabrication of graphene 

http://www.quantumwise.com/

