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I. Methods 

Synthesis. TLC was carried out with 0.2-mm thick of silica gel 60 F254 (Sigma). Preparative 

column chromatographies were carried out on glass columns with silica gel 60 (particle sizes 0.040-

0.063 mm, Sigma). 5-Hexyl-2-thiophene boronic acid pinacol ester, sodium bicarbonate, n-

butyllithium 2.5 M solution in hexane, palladium(II)chloride dichloromethane complex 

(PdCl2dppf), 1,1′-bis(diphenylphosphino) ferrocene, 1,4,5,8-Naphthalene tetracarboxylic acid, Pd/C 

were purchased from Sigma-Aldrich Co; 1-Bromo-4-nitrobenzene from Carlo Erba. All reagents 

and solvents were used as received. Microwave experiments were carried out in a CEM Discover 

SP-Microwave Synthesizer reactor in a closed vessel (250W, fixed temperature at 80°C, air, high 

stirring rate). All 1H NMR and 13C NMR spectra were recorded on a Varian Mercury-400 

spectrometer equipped with a 5-mm probe. Chemical shifts were calibrated using the internal 

CDCl3 resonance which were referenced to TMS. Mass spectra were collected on a Thermo 

Scientific TRACE 1300 gas chromatograph. 

X-ray diffraction. X-ray diffraction patterns were obtained with CuK radiation in reflection 

mode by means of an X’Pert PANalytical diffractometer equipped with a fast X’Celerator detector, 

step 0.05°, 100s /step.  
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DFT calculations. Density functional theory (DFT) calculations were carried out using the B.01 

revision of the Gaussian 16 program package1 in combination with the M06 or M06-2X global-

hybrid meta-GGA exchange-correlation functionals.2 The Pople 6-31G(d) basis was adopted for all 

the C, N, O and H atoms,3 while the more flexible 6-311G(2d) was chosen for the S atoms.4 All the 

reported structures were fully optimized at the M06 level of theory (with or without symmetry 

constraints), in vacuum or by using the polarizable continuum model (PCM) to simulate 

dimethylformamide solvation effects.5 Frequency calculations were always used to confirm that 

every stationary point found by geometry optimizations was actually a minimum or a transition 

state on the corresponding potential-energy surface. Time-dependent DFT calculations (TD- DFT)6 

were used to simulate the electronic absorption spectra of the investigated molecules in their 

optimized S0 geometry and, in some cases, to optimize the excited states of interest. To investigate 

the electrochemical properties of ThPh-NDI, geometry optimizations and frequency calculations 

were performed at the spin-unrestricted UM06 level of theory, imposing a spin multiplicity of 2 and 

by adding or removing one electron to simulate the reduction or oxidation process, respectively; the 

redox potentials are estimated by comparing the SCF-energy difference of a particular 

electrochemical process to the one of the ferrocene/ferrocenium couple, calculated at the same level 

of theory (for the Fe element, the fully relativistic ECP10MDF Stuttgart/Cologne energy-consistent 

pseudo-potential with multi-electron fit was used to replace the first 10 inner-core electrons of the 

iron metal center, combined with the associated basis set).7 For all the calculations involving the 

ThPh-NDI model dyads and triads, the structures were fully optimized imposing the symmetry 

constraints of the Ci point group. All the pictures showing molecular orbitals and spin-density 

surfaces were created using GaussView 6.8 

(1) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; et al. 

Gaussian 16, Revision B.01, 2016, Gaussian, Inc., Wallingford CT. (2) Zhao, Y.; Truhlar, D. G.; The M06 

Suite of Density Functionals for Main Group Thermochemistry, Thermochemical Kinetics, Non-Covalent 

Interactions, Excited States, and Transition Elements: Two New Functionals and Systematic Testing of Four 
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M06-Class Functionals and 12 Other Functionals., Theor. Chem. Acc. 2008, 120, 215−241. Zhao, Y.; 

Truhlar, D. G. Density Functionals with Broad Applicability in Chemistry, Acc. Chem. Res. 2008, 41, 

157−167. (3) Petersson, G. A.; Bennett, A.; Tensfeldt, T. G.; Al-Laham, M. A.; Shirley, W. A.; Mantzaris, J. 

A Complete Basis Set Model Chemistry. I. The Total Energies of Closed-Shell Atoms and Hydrides of the 

First-Row Atoms, J. Chem. Phys. 1988, 89, 2193–2218. (4) McLean, A. D.; Chandler, G. S. Contracted 

Gaussian Basis Sets for Molecular Calculations. I. Second Row Atoms, Z=11–18, J. Chem. Phys. 1980, 72, 

5639–5648. (5) Tomasi, J.; Persico, M. Molecular-Interactions in Solution - An Overview of Methods Based 

on Continuous Distributions of the Solvent, Chem. Rev. 1994, 94, 2027−2094. J. Tomasi, B. Mennucci, R. 

Cammi, Quantum Mechanical Continuum Solvation Models, Chem. Rev. 2005, 105, 2999−3093. Cramer, C. 

J.; Truhlar, D. G. in: Solvent Effects and Chemical Reactivity – O. Tapia, J. Bertrań, Eds., Springer: 

Netherlands 2002, 17, 1−80. (6) Stratmann, R. E.; Scuseria, G. E.; Frisch, M. J. An Efficient Implementation 

of Time-Dependent Density-Functional Theory for the Calculation of Excitation Energies of Large 

Molecules, J. Chem. Phys. 1998, 109, 8218−8224. Casida, M. E.; Jamorski, C.; Casida, K. C.; Salahub, D. R. 

Molecular Excitation Energies to High-Lying Bound States from Time- Dependent Density-Functional 

Response Theory: Characterization and Correction of the Time-Dependent Local Density Approximation 

Ionization Threshold, J. Chem. Phys. 1998, 108, 4439−4449. Bauernschmitt, R.; Ahlrichs, R. Treatment of 

Electronic Excitations within the Adiabatic Approximation of Time Dependent Density Functional, Theory. 

Chem. Phys. Lett. 1996, 256, 454−464. (7) Dolg, M.; Wedig, U.; Stoll, H.; Preuss, H. Energy‐adjusted ab 

initio pseudopotentials for the first row transition elements, J. Chem. Phys. 1987, 86, 866–872. (8) 

Dennington, R.; Keith, T. A.; Millam, J. M. Gaussview, Version 6, 2016, Semichem Inc.: Shawnee Mission, 

KS, USA. 

 

Photophysical characterization. Absorption spectra were recorded on air equilibrated solutions at 

room temperature with a Agilent Cary 100 UV-Vis spectrophotometer, using quartz cells with path 

length of 1.0 cm. Absorption spectra of films on glass (needles and fibers) were recorded in 

transmission mode at room temperature with a Perkin Elmer Lambda 650 spectrophotometer. 

Emission spectra of solutions and films on glass were recorded on a Perkin Elmer LS50B 

fluorescence spectrofluorometer. Emission lifetime measurements were performed on a Edinburgh 

FLS920 spectrofluorimeter equipped with a TCC900 card for data acquisition in time-correlated 

single-photon counting experiments (0.5 ns time resolution) with a LDH-P-C-405 pulsed diode 

laser. Longer lifetimes were measured by the PerkinElmer LS-50.  

Cyclic Voltammetry. The cyclic voltammetries (CV) were performed with the AMEL 

electrochemical system model 5000 controlled by the software Corrwere 2.9 for Windows using a 

home-made three-compartments cell at room temperature under Ar pressure. The working electrode 

was a Pt disk (⌀ 1 mm), for the experiments in solution, and indium-tin-oxide/glass modified 

electrodes [ITO, Balzers, 23 ohm/square, area (12 x 12) mm2] for the experiments on the fibers or 
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amorphous films. The auxiliary electrode was a Pt wire and the reference electrode was an aqueous 

KCl Saturated Calomel Electrode (SCE) connected to the working compartment with a liquid 

bridge. The supporting electrolytes, purged with Ar before the experiments, were CH 2Cl2 (Aldrich 

HPLC grade, distilled on P2O5 and stored under Ar pressure) 0.1 mol L-1 (C4H9)4NClO4 (Aldrich, 

puriss. vacuum dried) to dissolve the compounds, and propylene carbonate (Aldrich anhydrous, 

stored under Ar pressure) 0.1 mol L-1 (C2H5)4NBF4 (Aldrich, puriss. vacuum dried) for film and 

fibers testing.  

Atomic Force Microscopy (AFM), Kelvin Probe Force Microscopy (KPFM). AFM and KPFM 

measurements were obtained in air by employing a commercial microscope Multimode 8 (Bruker). 

In order to obtain a sufficiently large and detectable mechanical deflection, we used (k = 2.8 N/m) 

Pt/Ir coated cantilever silicon tips (SCM, Bruker) with oscillating frequencies in the range between 

60 - 90 KHz. AFM and KPFM images are acquired in the same measurement; a topographic line 

scan is first obtained by AFM operating in Tapping Mode and then that same line is rescanned in 

Lift Mode with the tip raised to a lift height of 50 nm using the Frequency Modulation (FM) mode. 

KPFM provides a voltage resolution of about 5 mV, while the lateral resolution amounts to a few 

tens of nanometers. Higher lateral resolution is achieved in AFM amounting to few nanometers. 

The issue of the lateral resolution1,2 and the application of AFM/KPFM technique in material 

science for opto-electronics3,4 is comprehensively discussed in literature. 

(1) Liscio, A.; Palermo V.; Samorì, P. Probing Local Surface Potential of Quasi-One-Dimensional Systems: 

A KPFM Study of P3HT Nanofibers. Adv. Funct. Mater. 2008, 18, 907−914. (2) Liscio, A.; Palermo, V.; 

Samorì, P. Nanoscale Quantitative Measurement of the Potential of Charged Nanostructures by Electrostatic 

and Kelvin Probe Force Microscopy: Unraveling Electronic Processes in Complex Materials. Acc. Chem. 

Res. 2010, 43, 541−550. (3) Melitz, W.; Shen, J.; Kummel, A. C.; lee, S. Kelvin probe force microscopy and 

its application. Surf. Sci. Rep. 2011, 66, 1−27. (4) Musumeci, C.; Liscio, A.; Palermo V.; Samorì, P. 

Electronic characterization of supramolecular materials at the nanoscale by Conductive Atomic Force and 

Kelvin Probe Force microscopies. Mater. Today 2014, 17, 504−527. 
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Device fabrication. For bottom-gate, bottom-contact OFETs, heavily n-type doped silicon wafers 

with a thermally grown silicon dioxide layer 200 nm thick (Ci = 17.25 nF cm-2) were used as 

substrates. Gold source-drain interdigitated electrodes with different channel lengths (L = 20, 40 

μm) and nominal widths (W = 11200, 22400 μm) were pre-patterned on the substrates. Before fibers 

formation, gate dielectric was functionalized with a self-assembled monolayer of OTS. In brief, the 

substrates were cleaned by sonication in acetone for 10 min, then in 2-propanol for 10 min, and 

dried in a stream of nitrogen and finally heated at 100 °C for 15 min. After treatment in  air plasma 

cleaner (2 min, 60 W) the substrates were immersed for 15 min in a 1 × 10-3 M OTS toluene 

solution, then thoroughly rinsed with toluene and dried in a stream of nitrogen. ThPh-NDI was 

deposited on the OTS-treated substrates by drop casting 20 μL of a 0.6 g/L DMF solution. After 

solvent evaporation, devices were transferred in a vacuum chamber for electrical characterization.  

 

Electrical characterization. All the electrical measurements were performed in vacuum (10 -5 

mbar), using a Keithley 2612 source measure units. The field effect mobility in the saturation 

regime (μsat) was calculated using the equation IDS = (W/2L)Ciμsat (VG−VT)2, where W and L are 

channel widths and lengths, respectively, Ci is the capacitance of the insulating SiO2 layer, and VT is 

the threshold voltage extracted from the square root of the drain current (IDS
1/2) versus gate voltage 

(VG) characteristics for a fixed drain voltage (VDS). In order to evaluate the field-effect mobility 

values, the effective channel widths were estimated on the basis of optical microscopy images. 
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II. Synthesis of ThPh-NDI 

 

 

Scheme S1. Synthetic scheme of ThPh-NDI: i) Pd(dppf)Cl2, NaHCO3, THF/H2O (2:1), MW 80 °C, 10 min, 

yield 85%. ii) 1 atm. H2, Pd/C 10%, ethanol, r.t., 2 h, quantitative yield. iii) DMF/H2O (5:1), MW 100 °C, 10 

min, yield >90%. 

 

4-(5-hexyl-2-thienyl)aniline (3). A mixture of the 5-Hexyl-2-thiophene boronic acid pinacol ester 

(1) (3 mmol), 1-Bromo-4-nitrobenzene (2) (1 mmol), PdCl2dppf (0.05 mmol) and NaHCO3 (2 

mmol) in THF/water 2:1 (3 mL) was irradiated with microwaves at 80°C for 15 min. The reaction 

mixture was brought to room temperature and the solvent was evaporated under reduced pressure. 

The product was isolated by flash chromatography with increasing amounts of CH2Cl2 in 

cyclohexane as eluent. Yield 85%; ES-MS m/z 289 (M+); 1H NMR (400 MHz, CDCl3, TMS/ppm): 

δ 8.20 (m, 2H), 7.66 (m, 2H), 7.29 (d, 1H, J=3.6 Hz), 6.81 (d, 1H, J=3.6 Hz), 2.84 (t, 2H), 1.75-1.67 

(m, 2H), 1.43-1.31 (m, 6H), 0.9 (t, 3H); 13C NMR (400 MHz, CDCl3, TMS/ppm): δ 149.2, 146.1, 

141.0, 138.8, 126.5, 125.8, 125.3, 124.3, 31.5, 30.3, 28.7, 22.5, 14.1, 14.0.  In a three-necked round-

bottomed flask the purified nitro derivatives (1 mmol) and Pd/C (0.05 mmol) were suspended in 

ethanol (20 mL). The reaction mixture was degassed and backfilled with hydrogen five times. After 

this, the reaction mixture was vigorously stirred under a hydrogen atmosphere for 2 h. The solvent 

was removed under reduced pressure. The crude product was used in the next step without 
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purification. Yield > 99%; ES-MS m/z 259 (M+); 1H NMR (400 MHz, CDCl3, TMS/ppm): δ 7.36 

(m, 2H), 6.95 (d, 1H, J=3.6 Hz), 6.68 (m, 3H), 3.69 (broad, 2H), 2.78 (t, 2H), 1.72-1.64 (m, 2H), 

1.44-1.28 (m, 6H), 0.89 (t, 3H). 13C NMR (400 MHz, CDCl3, TMS/ppm): δ 145.4; 143.9; 142.2; 

126.7; 125.7; 124.7; 120.1; 115.3; 31.6; 30.2; 28.8; 22.6; 14.1, 14.0.  

N,N’-bis [(5-hexyl-2-thienyl)phenyl]-1,4,5,8-naphthalenetetracarboxylic -1,4:5,8-bisimide (ThPh-

NDI) A mixture of 1,4,5,8-Naphthalene tetracarboxylic acid (4) (1 mmol) and 4-(5-hexyl-2-

thienyl)aniline (3) (2 mmol) in DMF/water 5:1 (3 mL) was irradiated with microwaves at 80°C for 

10 min. The reaction mixture was brought to room temperature and the product was isolated by 

filtration. The compound was purified by recrystallization from hot DMSO. Yield > 90%. Pink 

solid, mp > 250°C; ES-MS m/z 750 (M+). 1H NMR (400 MHz, CDCl3, TMS/ppm): δ 8.95 (s, 4H), 

7.77 (m, 4H), 7.33 (m, 4H), 7.21 (d, 2H, J=3.6 Hz), 6.80 (d, 2H, J=3.6 Hz), 2.88 (t, 4H), 1.88 -1.58 

(m, 4H), 1.48-1.30 (m, 12H), 0.91 (t, 6H).13C NMR (CDCl3, 400 MHz, ppm): δ 164.4; 147.3; 

139.7;137.1; 132.7; 131.5; 128.5; 127.2; 126.9; 125.3; 124.1; 31.6; 30.2; 28.8; 22.5; 14.0.  
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III.  Thermal analysis 

 

Figure S1. TGA of polymorph  (blue line) and polymorph red line) 

 

 

Figure S2. DSC of polymorph  (blue line) and polymorph red line) 

 



S–10 

 

IV. Optical Microscopy 

 

 

 

 

 

Polymorph 

 

Figure S3. Optical microscope image of the polymorph  in light transmission (a) and with crossed 

polarizers (b). Scale bar 10 m. 
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Polymorph  

 

 

 

Figure S4. Optical microscope images of the polymorph  in light transmission (a,c) and with 

crossed polarizers (b, d). Scale bar 10 m. 
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V. AFM  

 

Figure S5. AFM image of Polymorph Z-range 600nm 

 

 

Figure S6. AFM image of Polymorph Z-range 60nm 
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VI. Single crystal X-ray Diffraction 

 

Crystal data of polymorph α were collected on an Oxford Xcalibur S instrument with MoK 

radiation (=0.71073 Å) and graphite monochromator at room temperature. See table S1 for 

crystallogphic data. Reflections collected 6784, of which 3336 independent [R(int) = 0.0448]. 

99.9%. completeness to theta = 25.05°. SHELXS97 was used for structure solution and  

SHELXL2008 for refinement based on F2. Non-hydrogen atoms were refined anisotropically. 

Hydrogen atoms were added in calculated positions. The program Mercury was used for all 

graphical representations and for the calculated powder pattern. 

Table S1. Crystallographic data  

crystal dimensions (mm) 0.7 x 0.06 x 0.03 mm3 

 crystal system Monoclinic 

 space group P21/c 

a (Å) 17.017(2) 

b (Å) 5.2780(10) 

c(Å) 21.489(3) 

Β ( deg) 103.010(10)° 

Volume (Å3) 1880.5(5) 

 ρcalc 1.326 Mg/m3 

 scan mode  scan 

 temperature of measurement Room temperature 

Absorption correction Semi-empirical from equivalents 

 min/max transmission 1.00000 and 0.28942 

 number of parameters 245 

 Final R indices [I>2sigma(I)] R1 = 0.0956, wR2 = 0.1646 

 R indices (all data) R1 = 0.1648, wR2 = 0.1933 

Largest diff. peak and hole  0.243 and -0.230 e.Å-3 

 

CCDC 1893085 contains the supplementary crystallographic data for this paper. These data can 

be obtained free of charge from the Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. 



S–14 

 

 

 

Figure S7. ThPh-NDI in polymorph α. The asymmetric unit is only half molecules, the inversion 

centre lies in the middle of the C13-C13(1) bond. Ellipsoids are drawn at 50% of probability.  

 

 

 

 

 

 

 

 

 

Figure S8. Indexed faces of the crystal used for the data collection 
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Figure S9 A) Crystal packing view along b axis; B) crystal packing view along a axis. H atoms 

omitted for sake of clarity. 

 

 

 

Figure S10. Needle crystals laying on the substrate. a) plane (1 0 0) parallel to the substrate, b) 

plane (1 0 -2) parallel to the substrate and c) rotated of 90°. 

 

 

 

  

A B 
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VII. DFT calculations 

Table S2. Relevant structural parameters of the fully optimized structures used to model the 

molecular arrangement of polymorph . Despite the different approaches, all the calculations 

predict a similar slip angle between the ThPh-NDI units.  

Model chemistry a 

Centroid 

distance 
a 

[Å] 

Plane 

distance 
a 

[Å] 

Slip angle 
a 

[°] 

Tilt angle 
a 

[°] 

Dimer in vacuum using 

counterpoise correction (CPC) 
3.852 3.428 62.9 85.5 

Dimer in vacuum (no CPC) 3.832 3.335 60.5 84.2 

Dimer in DMF (no CPC) 3.851 3.356 60.6 83.1 

Trimer in DMF (no CPC) 3.818 3.363 61.7 82.8 

1D polymer in vacuum (no CPC)  3.858 3.362 60.6 79.8 

Mean values  standard deviation 3.84  0.02 3.37  0.03 61  1 83  2 

a All calculations are performed using the M06 density functional, adopting the 6-311G(2d) basis set for the sulfur 

atoms and the 6-31G(d) for all the other elements. If solvent effects are simulated, the polarizable continuum model 

(PCM) is used, within the integral equation formalism variant.  All the optimizations of dimers and trimers have been 

carried out imposing the Ci point-group symmetry and are confirmed to be true minimum-energy structures by 

frequency calculations. 

 

 

 

 

Figure S11. Column of molecules of polymorph .  
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Table S3. Lowest three singlet vertical excitations calculated for complex ThPh-NDI using the 

M06 functional (and the M06-2X one, for the values in square brackets). The polarizable continuum 

model was used to consider the DMF solvation. The molecule is in its minimum-energy 

conformation and adopts a Ci symmetry. The Kohn-Sham orbitals involved in the reported 

excitations are displayed for clarity; isovalue: 0.04 e–1/2 bohr–3/2. 

 

Transition Energy (eV) f Dominant monoexcitation Nature 

S0S1 

(Ag) 

2.37 (522 nm) 

[3.45 (359 nm)] 

0.000 

[0.000] 

     

99%   [94%] 

CT 

S0S2 

(Au) 

2.38 (522 nm) 

[3.45 (359 nm)] 

0.000 

[0.001] 

     

99%   [95%] 

CT 

S0S3 

(Au) 

3.33 (372 nm) 

[3.71 (334 nm)] 

0.746 

[0.879] 

     

94%   [94%] 

π–π* 
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Figure S12. Top – Qualitative picture of the potential energy surfaces of the ground state (S0) and 

of the three lowest-energy excited state (i.e., S1, S2, and S3) of ThPh-NDI, depicted around the 

minimum-energy geometry of S0, which displays a perfect C i symmetry. Bottom – Energy diagram 

along the symmetry-breaking coordinate that allows the full-optimization of the S1 state, starting 

from the corresponding transition state (S1 TS); the adiabatic potential energy surfaces are reported 

as thick line, while the diabatic scenario is shown using thin dashed lines. Pictures are not in scale 

to allow a better evaluation of the PES topologies. 
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Figure S13. Spin-density distribution of the reduced radical anion of ThPh-NDI (left) and of its 

oxidized radical cation (right). Both minima preserve the same Ci point-group symmetry of the 

neutral ThPh-NDI molecule. Calculations are carried out in dimethylformamide (using PCM) at the 

M06/6-31G(d) level of theory, adopting the extended 6-311G(2d) basis for sulfur atoms only. 
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VIII. Photophysical data 

The absorption profile of ThPh-NDI is also compared with the parent compound N,N-dibutyl-

1,4,5,8-naphthalenediimide (db-NDI) and their absorption spectra, recorded in CH2Cl2:CH3OH 

(9:1) for solubility reasons, are reported in Figure S13. The lowest absorption bands of both 

molecules are virtually superimposable and display the same vibronic progression with peaks at 380 

(0-0), 360 (0-1) and 340 nm (0-2), with no solvatochromism (compare Figure S14 and Figure 3B, 

inset); all these findings suggest that this transition is centered on the NDI core. This hypothesis is 

fully corroborated by TD-DFT calculations. In the case of ThPh-NDI, such calculations attribute 

this π–π* transition not to the S0  S1 excitation (as commonly observed in NDI derivatives), but to 

the S0  S3 one, despite no other bands are experimentally observed at lower energy. In fact, other 

two almost isoenergetic transitions are predicted to occur at 522 nm, with an oscillator strength of 

0.000 (Table S3). While the intense S0  S3 excitation is the already-mentioned π–π* transition 

centered on the NDI core, the forbidden S0  S1 (Ag) and S0  S2 (Au) ones are basically charge-

transfer in nature and involve the promotion of one electron from both the thienylphenyl moieties to 

the lowest unoccupied orbital on the NDI core (Table S3). Since it is well known that standard DFT 

functionals tend to underestimate CT transition1, we checked if the same scenario is also 

qualitatively preserved when using the M06-2X functional, which is specifically designed to work 

well with charge transfer excitations having intermediate spatial overlap.2 Indeed, no root-flipping 

was observed and the order of the lowest three excitations is preserved (Table S3). When excited on 

the intense absorption band corresponding to the π–π* transition centered on the NDI core, ThPh-

NDI displays an extremely weak emission with a photoluminescence quantum yield (PLQY) 

around 5·10–5. Such emission is virtually superimposable to the one observed for db-NDI, despite 

this model compound shows a PLQY approx. 40 times higher than the one of ThPh-NDI (i.e., 

2·10–3 vs. 5·10–5, in CH2Cl2:CH3OH (9:1) at 298 K, see Figure S14). The faint luminescence of 

ThPh-NDI can be ascribed to the emission from the S3 excited state, characterized by an extremely 

low PLQY. Despite such finding is against the Kasha's rule, there are many other examples of 

organic molecules in which the emission from lower-lying states is so weak that the radiative 

deactivation from upper-lying states is detected (e.g., azulene-based derivatives).3 The uncommon 

photophysical findings experimentally observed for ThPh-NDI, are supported by TD-DFT 

calculations carried out at the M06 level of theory. Accordingly, the two low-lying CT states of 

ThPh-NDI (i.e., S1 and S2), which are virtually degenerate at the Franck-Condon region (i.e., at 

2.37 and 2.38 eV above the ground-state minimum, see Table S3), upon relaxation, evolve toward 
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the formation of two asymmetric minima, located only 1.59 eV above S0 (i.e., estimated emission at 

780 nm, see Figure S12). The calculated oscillator strength for these transitions to the ground state, 

despite the symmetry breaking, is still extremely week (i.e., f = 0.002); on the contrary, the S3  S0 

emission is estimated at 436 nm, with an oscillator strength of 0.704. As a consequence, the 

emission from the two CT minima is unlikely and only an extremely weak emission from S 3 is 

experimentally observed. Notably, also the M06-2X functional gives the same qualitative excited-

state scenario predicted by the M06 one, despite the CT emission is estimated to occur at 495 nm 

(and the one from S3 at 380 nm).  

(1) Lim, H.-K.; Lee, H.§; Kim, H. A Seamless Grid-Based Interface for Mean-Field QM/MM Coupled with 

Efficient Solvation Free Energy Calculations. J. Chem. Theory Comput. 2016, 12, 4430−4439. Vayá I.; 

Brazard, J.; Huix‐Rotllant, M.; Thazhathveetil, A. K.; Lewis, F. D.; Gustavsson, T.; et al. High‐Energy 

Long‐Lived Mixed Frenkel–Charge‐Transfer Excitons: From Double Stranded (AT)n to Natural DNA. 

Chem. Eur. J. 2016, 22, 4904–4914.; Martínez-Fernández, L.; Pepino, A. J.; Segarra-Martí, J.; Jovaišaitė, J.; 

Vaya, I.; Nenov, A.; et al. Photophysics of Deoxycytidine and 5-Methyldeoxycytidine in Solution: A 

Comprehensive Picture by Quantum Mechanical Calculations and Femtosecond Fluorescence Spectroscopy. 

J. Am. Chem. Soc. 2017, 139, 7780−7791. (2) Li, R.; Zheng, J.; Truhlar, D.G. Density functional 

approximations for charge transfer excitations with intermediate spatial overlap.  Phys. Chem. Chem. Phys. 

2010, 12, 12697–12701. (3) Itoh, T. Fluorescence and Phosphorescence from Higher Excited States of 

Organic Molecules Chem. Rev. 2012, 112, 4541–4568 

 

Figure S14. Absorption and emission spectra of ThPh-NDI and db-NDI in CH2Cl2:CH3OH (9:1), 

at 298 K. All the spectra are recorded in diluted solutions with a concentration approx. 10 µM. The 

emission spectra are scaled relative to the luminescence quantum yield of the sample; λexc = 320 nm. 

In the case of db-NDI, the broad and unstructured emission centered at 656 nm is due to 

aggregation, as widely reported in literature (see J. Photochem. Photobiol. A 1997, 111, 97–104). 
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Figure S15. Emission spectra at increasing concentration of ThPh-NDI dispersed in a PMMA 

matrix. 
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Figure S16. Excitation-emission maps of polymorh  (top) and and  (bottom). 
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IX. Cyclic Voltammetry 

 

 

 

Figure S17. Voltammogram of ThPh-NDI in solution. 

 

 

 

Table S4. 

ThPh-NDI Eox
1/2

 HOMO Erid LUMO Eg 

Solution* 1.5 6.18 -0.97   

   -0.54 4.14 2.04 

Needles   -0.95 3.73  

Fibers   -0.75 3.93  

                                    * in CH2Cl2 0.1 mol L-1 
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X. DFT and TD-DFT optimized geometries  (xyz coordinates) 

 

ThPh-NDI in DMF – S0 minimum (Ci symmetry) 

C   2.844288  -1.295862  -0.270536 

C   1.367595  -1.229353  -0.296478 

C   0.706420  -0.022664   0.016823 

C   1.427917   1.139674   0.363188 

C   2.905465   1.111946   0.405721 

C   0.641875  -2.354281  -0.633603 

C  -0.706420   0.022664  -0.016823 

C  -1.427917  -1.139674  -0.363188 

C  -0.760534  -2.309242  -0.667307 

C  -2.905465  -1.111946  -0.405721 

C  -2.844288   1.295862   0.270536 

C  -1.367595   1.229353   0.296478 

C  -0.641875   2.354281   0.633603 

C   0.760534   2.309242   0.667307 

H   1.338045   3.191559   0.932281 

H  -1.173908   3.272090   0.871935 

H   1.173908  -3.272090  -0.871935 

H  -1.338045  -3.191559  -0.932281 

C  -4.953686   0.154582  -0.103158 

C  -5.609732   0.783725  -1.155038 

C  -5.677121  -0.437877   0.924392 
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C  -6.995888   0.816070  -1.179134 

H  -5.029839   1.237926  -1.956719 

C  -7.063858  -0.397207   0.900629 

H  -5.150174  -0.925092   1.742955 

C  -7.748649   0.230085  -0.149884 

H  -7.505293   1.284943  -2.019255 

H  -7.621597  -0.844611   1.722805 

C   4.953686  -0.154582   0.103158 

C   5.609732  -0.783725   1.155038 

C   5.677121   0.437877  -0.924392 

C   6.995888  -0.816070   1.179134 

H   5.029839  -1.237926   1.956719 

C   7.063858   0.397207  -0.900629 

H   5.150174   0.925092  -1.742955 

C   7.748649  -0.230085   0.149884 

H   7.505293  -1.284943   2.019255 

H   7.621597   0.844611  -1.722805 

N   3.515326  -0.111610   0.079364 

N  -3.515326   0.111610  -0.079364 

C  -9.208712   0.285800  -0.189162 

C -10.012405   1.185840  -0.844949 

S -10.189085  -0.885554   0.646742 

C -11.396549   0.937500  -0.672059 

H  -9.618823   2.022905  -1.417950 
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C -11.664144  -0.151671   0.113451 

H -12.183716   1.548964  -1.109184 

C   9.208712  -0.285800   0.189162 

C  10.012405  -1.185840   0.844949 

S  10.189085   0.885554  -0.646742 

C  11.396549  -0.937500   0.672059 

H   9.618823  -2.022905   1.417950 

C  11.664144   0.151671  -0.113451 

H  12.183716  -1.548964   1.109184 

O  -3.574247  -2.082594  -0.703909 

O  -3.463003   2.308225   0.536456 

O   3.574247   2.082594   0.703909 

O   3.463003  -2.308225  -0.536456 

C  12.990105   0.706364  -0.508142 

H  13.789760   0.106430  -0.058087 

H  13.119904   1.743947  -0.173437 

H  13.134485   0.696041  -1.596476 

C -12.990105  -0.706364   0.508142 

H -13.789760  -0.106430   0.058087 

H -13.134485  -0.696041   1.596476 

H -13.119904  -1.743947   0.173437 

 

ThPh-NDI in DMF – S1 transition state (Ci symmetry) 

Imaginary frequency: 5241 cm–1 
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C   2.823737  -1.301462  -0.243396 

C   1.376557  -1.235428  -0.261348 

C   0.713557  -0.018042   0.011866 

C   1.428114   1.164433   0.308204 

C   2.876555   1.156288   0.341274 

C   0.637703  -2.395403  -0.557993 

C  -0.713557   0.018042  -0.011866 

C  -1.428114  -1.164433  -0.308204 

C  -0.739451  -2.360639  -0.580844 

C  -2.876555  -1.156288  -0.341274 

C  -2.823737   1.301462   0.243396 

C  -1.376557   1.235428   0.261348 

C  -0.637703   2.395403   0.557993 

C   0.739451   2.360639   0.580844 

H   1.321010   3.250945   0.807658 

H  -1.181091   3.314017   0.765788 

H   1.181091  -3.314017  -0.765788 

H  -1.321010  -3.250945  -0.807658 

C  -4.916164   0.127864  -0.095043 

C  -5.572113   0.970727  -0.997171 

C  -5.660887  -0.677778   0.770868 

C  -6.950436   1.008321  -1.034679 

H  -4.987001   1.589677  -1.672197 

C  -7.039811  -0.638600   0.736493 
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H  -5.145522  -1.328270   1.472416 

C  -7.721390   0.204369  -0.166543 

H  -7.440849   1.661972  -1.751689 

H  -7.600727  -1.266850   1.426945 

C   4.916164  -0.127864   0.095043 

C   5.572113  -0.970727   0.997171 

C   5.660887   0.677778  -0.770868 

C   6.950436  -1.008321   1.034679 

H   4.987001  -1.589677   1.672197 

C   7.039811   0.638600  -0.736493 

H   5.145522   1.328270  -1.472416 

C   7.721390  -0.204369   0.166543 

H   7.440849  -1.661972   1.751689 

H   7.600727   1.266850  -1.426945 

N   3.493103  -0.089364   0.061583 

N  -3.493103   0.089364  -0.061583 

C  -9.160266   0.253680  -0.213077 

C  -9.971272   1.053358  -1.012479 

S -10.150402  -0.761508   0.805763 

C -11.338571   0.846828  -0.802003 

H  -9.580607   1.771798  -1.727548 

C -11.608536  -0.111360   0.158235 

H -12.126642   1.377578  -1.330158 

C   9.160266  -0.253680   0.213077 
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C   9.971272  -1.053358   1.012479 

S  10.150402   0.761508  -0.805763 

C  11.338571  -0.846828   0.802003 

H   9.580607  -1.771798   1.727548 

C  11.608536   0.111360  -0.158235 

H  12.126642  -1.377578   1.330158 

O  -3.569627  -2.136179  -0.602594 

O  -3.474376   2.315768   0.481328 

O   3.569627   2.136179   0.602594 

O   3.474376  -2.315768  -0.481328 

C  12.937132   0.578631  -0.628291 

H  13.732171   0.048213  -0.093433 

H  13.069876   1.655415  -0.460367 

H  13.070393   0.402340  -1.703695 

C -12.937132  -0.578631   0.628291 

H -13.732171  -0.048213   0.093433 

H -13.070393  -0.402340   1.703695 

H -13.069876  -1.655415   0.460367 

 

ThPh-NDI in DMF – S1 minimum (C1 symmetry) 

C  -2.811059  -1.319472   0.238775 

C  -1.359240  -1.255284   0.248663 

C  -0.698431  -0.045485  -0.058204 

C  -1.417005   1.125052  -0.387227 
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C  -2.869871   1.108555  -0.416014 

C  -0.619466  -2.405411   0.573020 

C   0.729261  -0.004564  -0.034144 

C   1.444921  -1.178695   0.293746 

C   0.757720  -2.370288   0.595828 

C   2.889166  -1.168754   0.334187 

C   2.829073   1.285934  -0.316420 

C   1.386566   1.209459  -0.337378 

C   0.642918   2.359106  -0.666859 

C  -0.733976   2.315370  -0.690381 

H  -1.320306   3.196225  -0.941305 

H   1.181650   3.274715  -0.898006 

H  -1.162750  -3.318496   0.804909 

H   1.339491  -3.253914   0.846327 

C   4.916330   0.126503   0.073641 

C   5.559517   1.090585   0.869365 

C   5.678362  -0.791493  -0.670958 

C   6.929615   1.133174   0.927812 

H   4.963257   1.786245   1.450541 

C   7.048832  -0.741599  -0.625512 

H   5.174345  -1.523367  -1.293318 

C   7.717827   0.219058   0.177827 

H   7.408386   1.869952   1.565830 

H   7.622195  -1.445984  -1.224836 
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C  -4.913051  -0.159336  -0.104364 

C  -5.587206  -0.792937  -1.142950 

C  -5.629622   0.444258   0.922428 

C  -6.973991  -0.818341  -1.156256 

H  -5.016844  -1.257935  -1.945406 

C  -7.017059   0.411682   0.912403 

H  -5.093004   0.936694   1.731705 

C  -7.715273  -0.219780  -0.126345 

H  -7.493472  -1.291400  -1.988204 

H  -7.565274   0.869036   1.735906 

N  -3.479002  -0.122651  -0.094531 

N   3.505797   0.079043   0.026308 

C   9.134611   0.276218   0.237987 

C   9.934356   1.171990   0.973835 

S  10.148036  -0.834305  -0.657095 

C  11.290149   0.955250   0.808157 

H   9.525453   1.953605   1.605878 

C  11.577444  -0.106125  -0.054016 

H  12.071994   1.536584   1.287458 

C  -9.176525  -0.266968  -0.152919 

C  -9.992728  -1.170742  -0.787293 

S -10.141669   0.925758   0.671051 

C -11.374069  -0.908601  -0.607696 

H  -9.609727  -2.019814  -1.349836 
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C -11.627420   0.194745   0.162080 

H -12.169317  -1.521145  -1.028667 

O   3.589042  -2.132918   0.631157 

O   3.482088   2.290266  -0.585524 

O  -3.562618   2.082445  -0.698709 

O  -3.455949  -2.330927   0.502175 

C -12.945839   0.765311   0.559771 

H -13.753864   0.166783   0.122815 

H -13.069930   1.799931   0.213731 

H -13.082640   0.769219   1.649208 

C  12.917393  -0.596500  -0.445624 

H  13.696690  -0.008745   0.048502 

H  13.061851  -0.526521  -1.531485 

H  13.048505  -1.651844  -0.174060 

 

Oxidized ThPh-NDI in DMF – S0 minimum (Ci symmetry) 

C   2.849308  -1.281730  -0.272398 

C   1.373962  -1.221881  -0.295128 

C   0.706457  -0.017920   0.015143 

C   1.420490   1.150984   0.354998 

C   2.896631   1.135552   0.396742 

C   0.655579  -2.353141  -0.627436 

C  -0.706457   0.017920  -0.015143 

C  -1.420490  -1.150984  -0.354998 
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C  -0.746850  -2.317494  -0.657774 

C  -2.896631  -1.135552  -0.396742 

C  -2.849308   1.281730   0.272398 

C  -1.373962   1.221881   0.295128 

C  -0.655579   2.353141   0.627436 

C   0.746850   2.317494   0.657774 

H   1.318823   3.204567   0.918435 

H  -1.192696   3.268375   0.863823 

H   1.192696  -3.268375  -0.863823 

H  -1.318823  -3.204567  -0.918435 

C  -4.948210   0.126191  -0.106866 

C  -5.598148   0.928783  -1.044187 

C  -5.681930  -0.640336   0.797877 

C  -6.978295   0.967110  -1.076531 

H  -5.013750   1.518007  -1.746808 

C  -7.062360  -0.603795   0.763798 

H  -5.163493  -1.259243   1.526238 

C  -7.744232   0.200700  -0.172301 

H  -7.470175   1.592021  -1.817465 

H  -7.620834  -1.203205   1.481065 

C   4.948210  -0.126191   0.106866 

C   5.598148  -0.928783   1.044187 

C   5.681930   0.640336  -0.797877 

C   6.978295  -0.967110   1.076531 
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H   5.013750  -1.518007   1.746808 

C   7.062360   0.603795  -0.763798 

H   5.163493   1.259243  -1.526238 

C   7.744232  -0.200700   0.172301 

H   7.470175  -1.592021   1.817465 

H   7.620834   1.203205  -1.481065 

N   3.516050  -0.089036   0.074563 

N  -3.516050   0.089036  -0.074563 

C  -9.184328   0.248262  -0.215756 

C  -9.996833   1.025678  -1.040240 

S -10.171014  -0.734402   0.835649 

C -11.360970   0.827539  -0.821570 

H  -9.606281   1.721865  -1.776984 

C -11.630046  -0.102770   0.170480 

H -12.150242   1.342166  -1.363570 

C   9.184328  -0.248262   0.215756 

C   9.996833  -1.025678   1.040240 

S  10.171014   0.734402  -0.835649 

C  11.360970  -0.827539   0.821570 

H   9.606281  -1.721865   1.776984 

C  11.630046   0.102770  -0.170480 

H  12.150242  -1.342166   1.363570 

O  -3.561197  -2.108071  -0.694409 

O  -3.475591   2.287786   0.540023 
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O   3.561197   2.108071   0.694409 

O   3.475591  -2.287786  -0.540023 

C  12.957267   0.553694  -0.656253 

H  13.753478   0.040186  -0.107185 

H  13.089219   1.635551  -0.523011 

H  13.086828   0.344776  -1.726401 

C -12.957267  -0.553694   0.656253 

H -13.753478  -0.040186   0.107185 

H -13.086828  -0.344776   1.726401 

H -13.089219  -1.635551   0.523011 

 

Reduced ThPh-NDI in DMF – S0 minimum (Ci symmetry) 

C   2.821174  -1.307611  -0.265095 

C   1.371269  -1.237073  -0.284985 

C   0.713937  -0.022724   0.014218 

C   1.435134   1.147658   0.340921 

C   2.886334   1.125815   0.377349 

C   0.625554  -2.385927  -0.608597 

C  -0.713937   0.022724  -0.014218 

C  -1.435134  -1.147658  -0.340921 

C  -0.751802  -2.342114  -0.636100 

C  -2.886334  -1.125815  -0.377349 

C  -2.821174   1.307611   0.265095 

C  -1.371269   1.237073   0.284985 
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C  -0.625554   2.385927   0.608597 

C   0.751802   2.342114   0.636100 

H   1.338521   3.223858   0.884728 

H  -1.164952   3.303151   0.834979 

H   1.164952  -3.303151  -0.834979 

H  -1.338521  -3.223858  -0.884728 

C  -4.925054   0.155689  -0.092110 

C  -5.585658   0.797553  -1.134682 

C  -5.656732  -0.448077   0.924179 

C  -6.972004   0.831310  -1.162385 

H  -5.004409   1.262637  -1.929221 

C  -7.043803  -0.407354   0.900064 

H  -5.131545  -0.947333   1.736743 

C  -7.727626   0.232857  -0.142874 

H  -7.479955   1.310992  -1.997719 

H  -7.603200  -0.865116   1.715858 

C   4.925054  -0.155689   0.092110 

C   5.585658  -0.797553   1.134682 

C   5.656732   0.448077  -0.924179 

C   6.972004  -0.831310   1.162385 

H   5.004409  -1.262637   1.929221 

C   7.043803   0.407354  -0.900064 

H   5.131545   0.947333  -1.736743 

C   7.727626  -0.232857   0.142874 



S–38 

 

H   7.479955  -1.310992   1.997719 

H   7.603200   0.865116  -1.715858 

N   3.492151  -0.111263   0.067988 

N  -3.492151   0.111263  -0.067988 

C  -9.188175   0.289511  -0.184545 

C  -9.991788   1.200601  -0.824526 

S -10.169884  -0.899681   0.624974 

C -11.376689   0.946815  -0.660701 

H  -9.597293   2.048987  -1.380097 

C -11.645505  -0.157245   0.102700 

H -12.163344   1.565930  -1.088162 

C   9.188175  -0.289511   0.184545 

C   9.991788  -1.200601   0.824526 

S   10.169884   0.899681  -0.624974 

C   11.376689  -0.946815   0.660701 

H   9.597293  -2.048987   1.380097 

C  11.645505   0.157245  -0.102700 

H  12.163344  -1.565930   1.088162 

O  -3.584612  -2.098042  -0.657543 

O  -3.466488   2.322642   0.519341 

O   3.584612   2.098042   0.657543 

O   3.466488  -2.322642  -0.519341 

C  12.971802   0.720362  -0.484530 

H  13.771207   0.114210  -0.042215 



S–39 

 

H  13.099690   1.752537  -0.132564 

H  13.119661   0.728197  -1.572505 

C -12.971802  -0.720362   0.484530 

H -13.771207  -0.114210   0.042215 

H -13.119661  -0.728197   1.572505 

H -13.099690  -1.752537   0.132564 

 

ThPh-NDI dimer in vacuum using PCM corrections – S0 minimum 

C   3.011166   2.512653  -1.132632 

C   1.529175   2.487729  -1.090167 

C   0.855951   1.933677   0.017186 

C   1.570381   1.372516   1.094681 

C   3.051302   1.341099   1.076520 

C   0.808000   3.024975  -2.138322 

C  -0.557504   1.929318   0.043652 

C  -1.275175   2.485346  -1.034489 

C  -0.596787   3.025231  -2.109757 

C  -2.757349   2.518010  -1.013363 

C  -2.706633   1.301033   1.171120 

C  -1.227159   1.355491   1.142735 

C  -0.508589   0.815435   2.191579 

C   0.894740   0.826265   2.168686 

H   1.474711   0.398742   2.984463 

H  -1.054971   0.377370   3.024570 



S–40 

 

H   1.353879   3.449725  -2.978228 

H  -1.175668   3.453100  -2.925696 

C  -4.821603   2.002205   0.192707 

C  -5.404280   2.623339   1.293897 

C  -5.619617   1.454669  -0.804371 

C  -6.782544   2.668241   1.411464 

H  -4.774428   3.065838   2.062984 

C  -6.999957   1.503982  -0.679881 

H  -5.160919   0.959605  -1.655429 

C  -7.608812   2.093138   0.434682 

H  -7.228646   3.171740   2.267478 

H  -7.612557   1.024430  -1.444184 

C   5.123180   1.923855  -0.063143 

C   5.799647   1.277935  -1.092591 

C   5.831434   2.551398   0.954866 

C   7.184947   1.253960  -1.092240 

H   5.235572   0.765318  -1.868775 

C   7.216578   2.519048   0.950526 

H   5.296988   3.057870   1.755672 

C   7.922598   1.864833  -0.068255 

H   7.703069   0.706898  -1.878871 

H   7.758140   3.024772   1.749653 

N   3.681582   1.927982  -0.034251 

N  -3.383086   1.930866   0.110585 



S–41 

 

C  -9.057168   2.085954   0.620307 

C  -9.765835   2.248894   1.786297 

S -10.151090   1.822874  -0.703990 

C -11.167914   2.168558   1.611051 

H  -9.288390   2.397624   2.752787 

C -11.541384   1.940855   0.314156 

H -11.890523   2.268358   2.419301 

C   9.382093   1.798874  -0.060750 

C  10.236699   1.439328  -1.072348 

S  10.294773   2.183038   1.372329 

C  11.602267   1.483102  -0.702630 

H   9.895534   1.158037  -2.065965 

C  11.807206   1.874512   0.592042 

H  12.421457   1.231301  -1.375123 

O  -3.403399   3.028922  -1.901352 

O  -3.304537   0.739010   2.068460 

O   3.684729   0.830611   1.979476 

O   3.620436   3.013102  -2.051786 

C  13.100044   2.053427   1.312767 

H  13.931745   1.752230   0.663130 

H  13.155118   1.449302   2.229260 

H  13.270363   3.098736   1.604692 

C -12.915757   1.798320  -0.241927 

H -13.650866   1.813754   0.572501 



S–42 

 

H -13.036451   0.850942  -0.785603 

H -13.170589   2.610435  -0.936432 

C   2.706597  -1.301135  -1.171144 

C   1.227124  -1.355627  -1.142753 

C   0.557487  -1.929457  -0.043661 

C   1.275179  -2.485484   1.034466 

C   2.757352  -2.518175   1.013300 

C   0.508536  -0.815598  -2.191601 

C  -0.855968  -1.933828  -0.017178 

C  -1.570416  -1.372691  -1.094672 

C  -0.894792  -0.826447  -2.168692 

C  -3.051340  -1.341287  -1.076494 

C  -3.011164  -2.512859   1.132647 

C  -1.529173  -2.487885   1.090184 

C  -0.807978  -3.025116   2.138332 

C   0.596809  -3.025368   2.109747 

H   1.175702  -3.453244   2.925674 

H  -1.353842  -3.449878   2.978243 

H   1.054904  -0.377541  -3.024605 

H  -1.474778  -0.398942  -2.984469 

C  -5.123201  -1.924071   0.063185 

C  -5.799655  -1.278048   1.092578 

C  -5.831461  -2.551670  -0.954786 

C  -7.184952  -1.253987   1.092189 



S–43 

 

H  -5.235560  -0.765346   1.868690 

C  -7.216603  -2.519262  -0.950469 

H  -5.297019  -3.058219  -1.755546 

C  -7.922606  -1.864902   0.068230 

H  -7.703066  -0.706774   1.878721 

H  -7.758188  -3.025013  -1.749563 

C   4.821593  -2.002274  -0.192746 

C   5.404325  -2.623338  -1.293949 

C   5.619571  -1.454774   0.804377 

C   6.782594  -2.668209  -1.411476 

H   4.774520  -3.065801  -2.063093 

C   6.999913  -1.504057   0.679923 

H   5.160847  -0.959737   1.655435 

C   7.608831  -2.093169  -0.434631 

H   7.228693  -3.171631  -2.267536 

H   7.612464  -1.024520   1.444275 

N   3.383073  -1.930982  -0.110635 

N  -3.681601  -1.928199   0.034276 

C  -9.382093  -1.798756   0.060597 

C -10.236750  -1.439226   1.072156 

S -10.294671  -2.182616  -1.372626 

C -11.602281  -1.482723   0.702277 

H  -9.895629  -1.158102   2.065837 

C -11.807141  -1.873908  -0.592474 



S–44 

 

H -12.421506  -1.230855   1.374702 

C   9.057199  -2.085992  -0.620133 

C   9.766008  -2.249128  -1.786010 

S  10.150967  -1.822516   0.704218 

C  11.168067  -2.168740  -1.610616 

H   9.288716  -2.398090  -2.752539 

C  11.541389  -1.940797  -0.313719 

H  11.890766  -2.268733  -2.418762 

O  -3.684780  -0.830813  -1.979449 

O  -3.620410  -3.013240   2.051855 

O   3.403424  -3.029016   1.901313 

O   3.304479  -0.739081  -2.068482 

C  12.915687  -1.798159   0.242522 

H  13.650915  -1.813825  -0.571796 

H  13.170403  -2.610101   0.937276 

H  13.036326  -0.850638   0.785967 

C -13.099924  -2.052438  -1.313391 

H -13.931642  -1.751170  -0.663808 

H -13.270431  -3.097662  -1.605515 

H -13.154754  -1.448144  -2.229789 

 

ThPh-NDI dimer in vacuum – S0 minimum (Ci symmetry) 

C  -2.514005   3.087657  -1.110659 

C  -2.505194   1.605067  -1.066777 



S–45 

 

C  -1.922402   0.927036   0.022907 

C  -1.331652   1.637169   1.087460 

C  -1.305045   3.118489   1.076165 

C  -3.076791   0.888144  -2.099653 

C  -1.918614  -0.486563   0.044113 

C  -2.513903  -1.200148  -1.015885 

C  -3.086185  -0.516985  -2.071510 

C  -2.557920  -2.681929  -0.992063 

C  -1.212482  -2.638360   1.113311 

C  -1.295886  -1.160253   1.113894 

C  -0.728816  -0.446432   2.151990 

C  -0.752912   0.957155   2.142005 

H  -0.306827   1.533869   2.950237 

H  -0.255074  -0.994883   2.963893 

H  -3.521836   1.437414  -2.926723 

H  -3.545987  -1.091921  -2.872770 

C  -1.999525  -4.748900   0.195542 

C  -2.574326  -5.314546   1.330208 

C  -1.509667  -5.561400  -0.820268 

C  -2.630344  -6.691233   1.462801 

H  -2.972362  -4.671692   2.113134 

C  -1.568039  -6.940298  -0.679808 

H  -1.052237  -5.116204  -1.698957 

C  -2.111358  -7.531972   0.467292 



S–46 

 

H  -3.098743  -7.124903   2.344801 

H  -1.130221  -7.565960  -1.458467 

C  -1.869198   5.193761  -0.062830 

C  -1.208830   5.851584  -1.096158 

C  -2.480632   5.918197   0.953111 

C  -1.157964   7.236761  -1.100478 

H  -0.704214   5.273143  -1.868156 

C  -2.420966   7.302502   0.943544 

H  -2.995803   5.396239   1.756628 

C  -1.754240   7.990746  -0.078919 

H  -0.599862   7.741683  -1.888313 

H  -2.915243   7.857350   1.740704 

N  -1.901720   3.752721  -0.024412 

N  -1.920692  -3.311157   0.103108 

C  -2.109963  -8.978733   0.666909 

C  -2.194520  -9.673608   1.849763 

S  -1.960546 -10.087906  -0.661137 

C  -2.142833 -11.078582   1.683466 

H  -2.263601  -9.183820   2.819307 

C  -2.016920 -11.466906   0.376769 

H  -2.187302 -11.792504   2.504389 

C  -1.662935   9.449178  -0.078177 

C  -1.296984  10.293240  -1.096527 

S  -2.014352  10.373887   1.355398 



S–47 

 

C  -1.307552  11.661117  -0.729804 

H  -1.028038   9.943935  -2.090945 

C  -1.684295  11.877901   0.567707 

H  -1.046581  12.473061  -1.407783 

O  -3.115643  -3.326216  -1.852467 

O  -0.565881  -3.237920   1.952270 

O  -0.786232   3.746504   1.979313 

O  -3.026053   3.701813  -2.019688 

C  -1.837164  13.176285   1.284873 

H  -1.507651  13.998762   0.637086 

H  -1.241175  13.217388   2.207330 

H  -2.880854  13.373409   1.565739 

C  -1.926605 -12.847539  -0.174880 

H  -1.879253 -13.574502   0.645882 

H  -1.025211 -12.977440  -0.790099 

H  -2.792559 -13.105061  -0.799773 

C   1.212482   2.638360  -1.113311 

C   1.295886   1.160253  -1.113894 

C   1.918614   0.486563  -0.044113 

C   2.513903   1.200148   1.015885 

C   2.557920   2.681929   0.992063 

C   0.728816   0.446432  -2.151990 

C   1.922402  -0.927036  -0.022907 

C   1.331652  -1.637169  -1.087460 



S–48 

 

C   0.752912  -0.957155  -2.142005 

C   1.305045  -3.118489  -1.076165 

C   2.514005  -3.087657   1.110659 

C   2.505194  -1.605067   1.066777 

C   3.076791  -0.888144   2.099653 

C   3.086185   0.516985   2.071510 

H   3.545987   1.091921   2.872770 

H   3.521836  -1.437414   2.926723 

H   0.255074   0.994883  -2.963893 

H   0.306827  -1.533869  -2.950237 

C   1.869198  -5.193761   0.062830 

C   1.208830  -5.851584   1.096158 

C   2.480632  -5.918197  -0.953111 

C   1.157964  -7.236761   1.100478 

H   0.704214  -5.273143   1.868156 

C   2.420966  -7.302502  -0.943544 

H   2.995803  -5.396239  -1.756628 

C   1.754240  -7.990746   0.078919 

H   0.599862  -7.741683   1.888313 

H   2.915243  -7.857350  -1.740704 

C   1.999525   4.748900  -0.195542 

C   2.574326   5.314546  -1.330208 

C   1.509667   5.561400   0.820268 

C   2.630344   6.691233  -1.462801 



S–49 

 

H   2.972362   4.671692  -2.113134 

C   1.568039   6.940298   0.679808 

H   1.052237   5.116204   1.698957 

C   2.111358   7.531972  -0.467292 

H   3.098743   7.124903  -2.344801 

H   1.130221   7.565960   1.458467 

N   1.920692   3.311157  -0.103108 

N   1.901720  -3.752721   0.024412 

C   1.662935  -9.449178   0.078177 

C   1.296984 -10.293240   1.096527 

S   2.014352 -10.373887  -1.355398 

C   1.307552 -11.661117   0.729804 

H   1.028038  -9.943935   2.090945 

C   1.684295 -11.877901  -0.567707 

H   1.046581 -12.473061   1.407783 

C   2.109963   8.978733  -0.666909 

C   2.194520   9.673608  -1.849763 

S   1.960546  10.087906   0.661137 

C   2.142833  11.078582  -1.683466 

H   2.263601   9.183820  -2.819307 

C   2.016920  11.466906  -0.376769 

H   2.187302  11.792504  -2.504389 

O   0.786232  -3.746504  -1.979313 

O   3.026053  -3.701813   2.019688 



S–50 

 

O   3.115643   3.326216   1.852467 

O   0.565881   3.237920  -1.952270 

C   1.926605  12.847539   0.174880 

H   1.879253  13.574502  -0.645882 

H   2.792559  13.105061   0.799773 

H   1.025211  12.977440   0.790099 

C   1.837164 -13.176285  -1.284873 

H   1.507651 -13.998762  -0.637086 

H   2.880854 -13.373409  -1.565739 

H   1.241175 -13.217388  -2.207330 

 

ThPh-NDI dimer in DMF – S0 minimum (Ci symmetry) 

C  -2.541465   3.104110  -1.042047 

C  -2.533939   1.624798  -0.999176 

C  -1.925568   0.948747   0.078331 

C  -1.312730   1.659016   1.130764 

C  -1.297129   3.138142   1.121435 

C  -3.129553   0.908050  -2.018442 

C  -1.920664  -0.464460   0.099833 

C  -2.547146  -1.177506  -0.943087 

C  -3.143254  -0.496341  -1.986407 

C  -2.599917  -2.655806  -0.908294 

C  -1.179140  -2.613112   1.144140 

C  -1.268551  -1.137345   1.152961 



S–51 

 

C  -0.678633  -0.423754   2.178657 

C  -0.709121   0.979533   2.171993 

H  -0.246251   1.548636   2.975239 

H  -0.184155  -0.964018   2.982838 

H  -3.593126   1.447728  -2.840602 

H  -3.625156  -1.063320  -2.779170 

C  -1.994287  -4.723176   0.244262 

C  -2.549402  -5.294928   1.386068 

C  -1.529668  -5.531885  -0.786650 

C  -2.606947  -6.673739   1.509465 

H  -2.933675  -4.657256   2.179999 

C  -1.592123  -6.911652  -0.658187 

H  -1.086864  -5.080350  -1.669625 

C  -2.112287  -7.510477   0.496901 

H  -3.054537  -7.109378   2.401058 

H  -1.176350  -7.531742  -1.453312 

C  -1.882989   5.211009  -0.015733 

C  -1.218436   5.865801  -1.048905 

C  -2.507281   5.940466   0.989313 

C  -1.173250   7.251037  -1.066303 

H  -0.703949   5.282770  -1.810904 

C  -2.450887   7.326294   0.970077 

H  -3.032173   5.422832   1.789497 

C  -1.777994   8.010400  -0.052536 



S–52 

 

H  -0.613811   7.751009  -1.856273 

H  -2.952090   7.882984   1.761628 

N  -1.908538   3.770438   0.026453 

N  -1.912700  -3.286159   0.151012 

C  -2.111976  -8.959217   0.682888 

C  -2.195460  -9.666149   1.858668 

S  -1.955787 -10.058611  -0.656885 

C  -2.138750 -11.070196   1.679537 

H  -2.267094  -9.188069   2.833728 

C  -2.010220 -11.449061   0.370105 

H  -2.177999 -11.790838   2.494561 

C  -1.686659   9.468846  -0.063505 

C  -1.305335  10.302340  -1.085504 

S  -2.047370  10.409341   1.359800 

C  -1.310520  11.674013  -0.730872 

H  -1.026122   9.944264  -2.074190 

C  -1.697833  11.905924   0.561181 

H  -1.033893  12.478288  -1.411405 

O  -3.203238  -3.305813  -1.738132 

O  -0.501438  -3.219557   1.954748 

O  -0.772052   3.776680   2.015244 

O  -3.069208   3.724498  -1.943141 

C  -1.842156  13.210878   1.267697 

H  -1.497344  14.023283   0.615968 



S–53 

 

H  -1.253204  13.249684   2.194117 

H  -2.885628  13.419751   1.539461 

C  -1.913518 -12.824342  -0.193639 

H  -1.851921 -13.555944   0.621379 

H  -1.017552 -12.941620  -0.818581 

H  -2.782525 -13.082631  -0.813552 

C   1.179140   2.613112  -1.144140 

C   1.268551   1.137345  -1.152961 

C   1.920664   0.464460  -0.099833 

C   2.547146   1.177506   0.943087 

C   2.599917   2.655806   0.908294 

C   0.678633   0.423754  -2.178657 

C   1.925568  -0.948747  -0.078331 

C   1.312730  -1.659016  -1.130764 

C   0.709121  -0.979533  -2.171993 

C   1.297129  -3.138142  -1.121435 

C   2.541465  -3.104110   1.042047 

C   2.533939  -1.624798   0.999176 

C   3.129553  -0.908050   2.018442 

C   3.143254   0.496341   1.986407 

H   3.625156   1.063320   2.779170 

H   3.593126  -1.447728   2.840602 

H   0.184155   0.964018  -2.982838 

H   0.246251  -1.548636  -2.975239 



S–54 

 

C   1.882989  -5.211009   0.015733 

C   1.218436  -5.865801   1.048905 

C   2.507281  -5.940466  -0.989313 

C   1.173250  -7.251037   1.066303 

H   0.703949  -5.282770   1.810904 

C   2.450887  -7.326294  -0.970077 

H   3.032173  -5.422832  -1.789497 

C   1.777994  -8.010400   0.052536 

H   0.613811  -7.751009   1.856273 

H   2.952090  -7.882984  -1.761628 

C   1.994287   4.723176  -0.244262 

C   2.549402   5.294928  -1.386068 

C   1.529668   5.531885   0.786650 

C   2.606947   6.673739  -1.509465 

H   2.933675   4.657256  -2.179999 

C   1.592123   6.911652   0.658187 

H   1.086864   5.080350   1.669625 

C   2.112287   7.510477  -0.496901 

H   3.054537   7.109378  -2.401058 

H   1.176350   7.531742   1.453312 

N   1.912700   3.286159  -0.151012 

N   1.908538  -3.770438  -0.026453 

C   1.686659  -9.468846   0.063505 

C   1.305335 -10.302340   1.085504 



S–55 

 

S   2.047370 -10.409341  -1.359800 

C   1.310520 -11.674013   0.730872 

H   1.026122  -9.944264   2.074190 

C   1.697833 -11.905924  -0.561181 

H   1.033893 -12.478288   1.411405 

C   2.111976   8.959217  -0.682888 

C   2.195460   9.666149  -1.858668 

S   1.955787  10.058611   0.656885 

C   2.138750  11.070196  -1.679537 

H   2.267094   9.188069  -2.833728 

C   2.010220  11.449061  -0.370105 

H   2.177999  11.790838  -2.494561 

O   0.772052  -3.776680  -2.015244 

O   3.069208  -3.724498   1.943141 

O   3.203238   3.305813   1.738132 

O   0.501438   3.219557  -1.954748 

C   1.913518  12.824342   0.193639 

H   1.851921  13.555944  -0.621379 

H   2.782525  13.082631   0.813552 

H   1.017552  12.941620   0.818581 

C   1.842156 -13.210878  -1.267697 

H   1.497344 -14.023283  -0.615968 

H   2.885628 -13.419751  -1.539461 

H   1.253204 -13.249684  -2.194117 



S–56 

 

ThPh-NDI trimer in DMF – S0 minimum (Ci symmetry) 

C  -4.338284  -1.519057  -3.192844 

C  -4.290422  -1.474392  -1.713730 

C  -3.824677  -0.318718  -1.053212 

C  -3.401703   0.814377  -1.777740 

C  -3.455160   0.814990  -3.255818 

C  -4.707508  -2.568682  -0.981561 

C  -3.775178  -0.296152   0.359151 

C  -4.225172  -1.416000   1.088534 

C  -4.685135  -2.535503   0.422836 

C  -4.247883  -1.380681   2.567880 

C  -3.114025   0.841701   2.486071 

C  -3.254906   0.838616   1.014283 

C  -2.843543   1.938638   0.286658 

C  -2.929703   1.931079  -1.114242 

H  -2.615248   2.796193  -1.694138 

H  -2.448589   2.804348   0.813420 

H  -5.062265  -3.450834  -1.508931 

H  -5.032766  -3.387515   1.002010 

C  -3.760335  -0.141007   4.617583 

C  -4.444024   0.926200   5.194333 

C  -3.147163  -1.094780   5.422429 

C  -4.480748   1.059548   6.572848 

H  -4.943653   1.656218   4.560171 



S–57 

 

C  -3.193464  -0.958595   6.802037 

H  -2.600876  -1.918047   4.969532 

C  -3.838472   0.129441   7.404833 

H  -5.025995   1.893436   7.011474 

H  -2.666884  -1.688482   7.417529 

C  -3.939932  -0.390879  -5.314639 

C  -3.128187  -1.278493  -6.014651 

C  -4.773258   0.485826  -5.999316 

C  -3.146246  -1.277543  -7.400620 

H  -2.457397  -1.938183  -5.467360 

C  -4.782488   0.484755  -7.386476 

H  -5.410630   1.172321  -5.445767 

C  -3.966321  -0.391618  -8.116449 

H  -2.477549  -1.949594  -7.936948 

H  -5.447782   1.173549  -7.906742 

N  -3.904133  -0.363602  -3.873246 

N  -3.700022  -0.232542   3.179169 

C  -3.813968   0.335006   8.850679 

C  -4.037833   1.497286   9.549510 

S  -3.413097  -0.948810   9.954532 

C  -3.889100   1.352278  10.950707 

H  -4.275296   2.443244   9.066732 

C  -3.548929   0.083021  11.335775 

H  -4.013968   2.165014  11.664145 



S–58 

 

C  -3.949687  -0.383348  -9.577734 

C  -3.385658  -1.291160 -10.439853 

S  -4.666662   0.921652 -10.484310 

C  -3.537356  -0.946696 -11.805642 

H  -2.874830  -2.192011 -10.107020 

C  -4.216642   0.225053 -12.004314 

H  -3.153701  -1.546574 -12.629881 

O  -4.716342  -2.282018   3.233367 

O  -2.519031   1.729165   3.071349 

O  -3.118811   1.787030  -3.906760 

O  -4.737092  -2.491785  -3.801048 

C  -4.578259   0.883170 -13.292373 

H  -4.162746   0.309055 -14.129772 

H  -4.186898   1.907426 -13.359732 

H  -5.665620   0.942627 -13.434460 

C  -3.272202  -0.428102  12.707161 

H  -3.430187   0.372460  13.440108 

H  -2.230199  -0.767417  12.801419 

H  -3.921230  -1.270337  12.980486 

C  -0.631137  -1.090289  -2.871721 

C   3.114025  -0.841701  -2.486071 

C  -0.508356  -1.120615  -1.396915 

C   3.254906  -0.838616  -1.014283 

C  -0.021552   0.007519  -0.706390 



S–59 

 

C   3.775178   0.296152  -0.359151 

C   0.406114   1.156329  -1.402534 

C   4.225172   1.416000  -1.088534 

C   0.409682   1.173545  -2.883274 

C   4.247883   1.380681  -2.567880 

C  -0.911502  -2.242936  -0.698264 

C   2.843543  -1.938638  -0.286658 

C   0.021552  -0.007519   0.706390 

C   3.824677   0.318718   1.053212 

C  -0.406114  -1.156329   1.402534 

C   3.401703  -0.814377   1.777740 

C  -0.857814  -2.261812   0.705466 

C   2.929703  -1.931079   1.114242 

C  -0.409682  -1.173545   2.883274 

C   3.455160  -0.814990   3.255818 

C   0.631137   1.090289   2.871721 

C   4.338284   1.519057   3.192844 

C   0.508356   1.120615   1.396915 

C   4.290422   1.474392   1.713730 

C   0.911502   2.242936   0.698264 

C   4.707508   2.568682   0.981561 

C   0.857814   2.261812  -0.705466 

C   4.685135   2.535503  -0.422836 

H   1.185562   3.138503  -1.259941 



S–60 

 

H   5.032766   3.387515  -1.002010 

H   1.285136   3.103110   1.249271 

H   5.062265   3.450834   1.508931 

H  -1.285136  -3.103110  -1.249271 

H   2.448589  -2.804348  -0.813420 

H  -1.185562  -3.138503   1.259941 

H   2.615248  -2.796193   1.694138 

C   0.067553   0.000095   4.978293 

C   3.939932   0.390879   5.314639 

C  -0.618207   1.028084   5.621898 

C   3.128187   1.278493   6.014651 

C   0.707062  -0.986289   5.720209 

C   4.773258  -0.485826   5.999316 

C  -0.633649   1.081846   7.006091 

C   3.146246   1.277543   7.400620 

H  -1.164664   1.763253   5.033480 

H   2.457397   1.938183   5.467360 

C   0.677906  -0.929336   7.105416 

C   4.782488  -0.484755   7.386476 

H   1.250754  -1.780241   5.216476 

H   5.410630  -1.172321   5.445767 

C   0.021174   0.109360   7.779035 

C   3.966321   0.391618   8.116449 

H  -1.194873   1.877222   7.495073 



S–61 

 

H   2.477549   1.949594   7.936948 

H   1.216586  -1.692240   7.668656 

H   5.447782  -1.173549   7.906742 

C  -0.067553  -0.000095  -4.978293 

C   3.760335   0.141007  -4.617583 

C   0.618207  -1.028084  -5.621898 

C   4.444024  -0.926200  -5.194333 

C  -0.707062   0.986289  -5.720209 

C   3.147163   1.094780  -5.422429 

C   0.633649  -1.081846  -7.006091 

C   4.480748  -1.059548  -6.572848 

H   1.164664  -1.763253  -5.033480 

H   4.943653  -1.656218  -4.560171 

C  -0.677906   0.929336  -7.105416 

C   3.193464   0.958595  -6.802037 

H  -1.250754   1.780241  -5.216476 

H   2.600876   1.918047  -4.969532 

C  -0.021174  -0.109360  -7.779035 

C   3.838472  -0.129441  -7.404833 

H   1.194873  -1.877222  -7.495073 

H   5.025995  -1.893436  -7.011474 

H  -1.216586   1.692240  -7.668656 

H   2.666884   1.688482  -7.417529 

N  -0.100939   0.033908  -3.533511 



S–62 

 

N   3.700022   0.232542  -3.179169 

N   0.100939  -0.033908   3.533511 

N   3.904133   0.363602   3.873246 

C   0.024171   0.198885   9.236898 

C   3.949687   0.383348   9.577734 

C  -0.403276   1.229689  10.038083 

C   3.385658   1.291160  10.439853 

S   0.624524  -1.103236  10.226769 

S   4.666662  -0.921652  10.484310 

C  -0.248273   0.973945  11.423002 

C   3.537356   0.946696  11.805642 

H  -0.824823   2.153850   9.648167 

H   2.874830   2.192011  10.107020 

C   0.301593  -0.249580  11.695864 

C   4.216642  -0.225053  12.004314 

H  -0.537117   1.673248  12.206803 

H   3.153701   1.546574  12.629881 

C  -0.024171  -0.198885  -9.236898 

C   3.813968  -0.335006  -8.850679 

C   0.403276  -1.229689 -10.038083 

C   4.037833  -1.497286  -9.549510 

S  -0.624524   1.103236 -10.226769 

S   3.413097   0.948810  -9.954532 

C   0.248273  -0.973945 -11.423002 



S–63 

 

C   3.889100  -1.352278 -10.950707 

H   0.824823  -2.153850  -9.648167 

H   4.275296  -2.443244  -9.066732 

C  -0.301593   0.249580 -11.695864 

C   3.548929  -0.083021 -11.335775 

H   0.537117  -1.673248 -12.206803 

H   4.013968  -2.165014 -11.664145 

O  -0.840060  -2.124522   3.507961 

O   3.118811  -1.787030   3.906760 

O   1.178841   1.988850   3.483208 

O   4.737092   2.491785   3.801048 

O   0.840060   2.124522  -3.507961 

O   4.716342   2.282018  -3.233367 

O  -1.178841  -1.988850  -3.483208 

O   2.519031  -1.729165  -3.071349 

C  -0.648031   0.839486 -13.019430 

C   3.272202   0.428102 -12.707161 

H  -0.299958   0.178659 -13.823355 

H   3.430187  -0.372460 -13.440108 

H  -0.191257   1.826850 -13.171635 

H   3.921230   1.270337 -12.980486 

H  -1.735836   0.959428 -13.129839 

H   2.230199   0.767417 -12.801419 

C   0.648031  -0.839486  13.019430 



S–64 

 

C   4.578259  -0.883170  13.292373 

H   0.299958  -0.178659  13.823355 

H   4.162746  -0.309055  14.129772 

H   1.735836  -0.959428  13.129839 

H   5.665620  -0.942627  13.434460 

H   0.191257  -1.826850  13.171635 

H   4.186898  -1.907426  13.359732 

 

ThPh-NDI 1D polymer in vacuum – S0 minimum 

Translation vector:   3.675037  -0.913084   0.740251 

C  -0.429550   3.106506   0.124278 

C  -0.293054   1.769051  -0.500537 

C  -0.030063   0.639487   0.299080 

C   0.154705   0.765762   1.689899 

C   0.126796   2.102359   2.332424 

C  -0.464839   1.626784  -1.863631 

C   0.030534  -0.639479  -0.299114 

C  -0.154256  -0.765757  -1.689928 

C  -0.391825   0.356837  -2.460328 

C  -0.126399  -2.102356  -2.332446 

C   0.430047  -3.106494  -0.124324 

C   0.293547  -1.769043   0.500498 

C   0.465340  -1.626775   1.863589 

C   0.392288  -0.356832   2.460294 



S–65 

 

H   0.538050  -0.229561   3.531735 

H   0.674544  -2.514365   2.457164 

H  -0.674027   2.514378  -2.457207 

H  -0.537599   0.229560  -3.531767 

C   0.018744  -4.534322  -2.057344 

C  -0.905652  -5.426257  -1.519467 

C   0.825827  -4.914442  -3.122018 

C  -0.993197  -6.710474  -2.027779 

H  -1.570462  -5.099394  -0.722460 

C   0.726987  -6.203183  -3.624616 

H   1.548566  -4.219062  -3.538649 

C  -0.166600  -7.133347  -3.080062 

H  -1.738482  -7.389084  -1.615328 

H   1.394428  -6.496820  -4.434829 

C  -0.018348   4.534321   2.057336 

C   0.906083   5.426263   1.519530 

C  -0.825488   4.914430   3.121966 

C   0.993624   6.710467   2.027874 

H   1.570985   5.099369   0.722614 

C  -0.726657   6.203163   3.624594 

H  -1.548219   4.219037   3.538585 

C   0.166991   7.133322   3.080135 

H   1.738980   7.389047   1.615513 

H  -1.394169   6.496814   4.434740 



S–66 

 

N  -0.108951   3.205634   1.491181 

N   0.109391  -3.205630  -1.491210 

C  -0.229878  -8.508866  -3.565673 

C  -0.935375  -9.569085  -3.054947 

S   0.673221  -9.016193  -4.973442 

C  -0.753791 -10.773632  -3.779668 

H  -1.574706  -9.491887  -2.178830 

C   0.092816 -10.647515  -4.845601 

H  -1.237782 -11.715528  -3.525036 

C   0.230307   8.508806   3.565838 

C   0.935823   9.569044   3.055180 

S  -0.672746   9.016053   4.973668 

C   0.754336  10.773531   3.780032 

H   1.575188   9.491876   2.179084 

C  -0.092264  10.647365   4.845961 

H   1.238334  11.715437   3.525445 

O  -0.309441  -2.231137  -3.525408 

O   0.814732  -4.065091   0.515846 

O   0.309758   2.231143   3.525398 

O  -0.814101   4.065126  -0.515936 

C  -0.547093  11.698965   5.797395 

H   0.014852  12.626107   5.625132 

H  -0.401337  11.406686   6.846666 

H  -1.615574  11.922570   5.661692 



S–67 

 

C   0.547628 -11.699188  -5.796946 

H  -0.014237 -12.626347  -5.624517 

H   1.616133 -11.922695  -5.661299 

H   0.401779 -11.407064  -6.846251 

 


