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Table S1. Experimentally measured and computed drift hole mobilities (in em’V™'s™) for several different single-
molecule semiconductor assemblies of S- and Se-containing m-conjugated cores. See Scheme S1 for the

molecular structures, corresponding to the acronyms and Chart S1 for the types and notations of crystal packing.

Core Packing Experiment Theory
type Conditions * /s Method ? jT
QTH (R=H) D Bare SiO,/Si rt | SC' 0.002 MD-+kMC* 0.022
HDMS/Si0,/Si rt | FET? 0.011 Dimer DFT’ 0.021
OTS/SiO,/Sirt | FET® 0.23
QTH A Bare SiO,/Si rt | FET® 0.14
(R=CgHi7)
QTH A Bare SiO,/Si rt | FET’ 0.03
(R=peptide)
Bp-BTT D OTS/SiO,/Si rt | TFT® 0.19 Dimer DFT’ 0.007
BBTT C OTS/SiO,/Si rt | TFT® 0.022 Dimer DFT’ 0.28
C OTS/SiO,/Ag 30°C" 0.008
BDT C Bare SiO,/Sirt | TFT"' 0.02-0.05 Dimer DFT" 0.23
FPP-DTT B OTS/SiO,/Si 1t | TFT" 0.15

' J. H. Schén, C. Kloc, B. Batlogg, Charge Transport in Oligothiophene Single Crystals. Synth. Met. 2000, 115, 75.
* A. Facchetti, M. Mushrush, M.-H. Yoon, G. R. Hutchison, M. A. Ratner, T. J. Marks, Building Blocks for n-Type
Molecular and Polymeric Electronics. Perfluoroalkyl- versus Alkyl-Functionalized Oligothiophenes (nT; n=2-6). Systematics
of Thin Film Microstructure, Semiconductor Performance, and Modeling of Majority Charge Injection in Field-Effect
Transistors. J. Am. Chem. Soc., 2004, 126, 13859.
? C. Reese, M. E. Roberts, S. R. Parkin, Z. Bao, Tuning Crystalline Solid-State Order and Charge Transport via Building-
Block Modification of Oligothiophenes. Adv. Mater., 2009, 21, 3678.
*1. Yavus, B. N. Martin, J. Park, K. N. Houk, Theoretical Study of the Molecular Ordering, Paracrystallinity, And Charge
Mobilities of Oligomers in Different Crystalline Phases. J. Am. Chem. Soc. 2015, 137, 2856.
°X. Yang, L. Wang, C. Wang, W. Long, Z. Shuai, Influences of Crystal Structures and Molecular Sizes on the Charge
Mobility of Organic Semiconductors: Oligothiophenes. Chem. Mater., 2008, 20, 3205.
%K. Nakano, H. Iino, T. Usui, J.-I. Hanna, Bulk Mobility of Polycrystalline Thin Films of Quaterthiophene Derivatives.
Appl. Phys. Lett., 2011, 98, 103302.
"B. D. Wall, S. R. Diegelmann, S. Zhang, T. J. Dawidczyk, W L. Wilson, H. E. Katt, H.-Q. Mao, J. D. Tovar, Aligned
Macroscopic Domains of Optoelectronic Nanostructures Prepared via Shear-Flow Assembly of Peptide Hydrogels. Adv.
Mater., 2011, 23, 5009.
¥J. Youn, P.-Y. Huang, S. Zhang, C.-W. Liu, S. Vegiraju, K. Prabakaran, C. Stern, C. Kim, M.-C. Chen, A. Facchetti, T. J.
Marks, Functionalized Benzothieno[3,2-B]thiophenes (BTTs) for High Performance Organic Thin-Film Transistors
(OTFTs). J. Mater. Chem. C, 2014, 2, 7599.
L. Wang, T. Li, Y. Shen, Y. Song, A Theoretical Study of the Electronic Structure and Charge Transport Properties of
Thieno[2,3-b]benzothiophene Based Derivatives. Phys. Chem. Chem. Phys., 2016, 18, 8401.
'"P-Y. Huang, L.-H. Chen, Y.-Y. Chen, W.-J. Chang, J.-J. Wang, K.-H. Lii, J.-Y. Yan, J.-C. Ho, C.-C. Lee, C. Kim, M.-C.
Chen, Enhanced Performance of Benzothieno[3,2-b]Jthiophene (BTT)-Based Bottom-Contact Thin-Film Transistors. Chem.
Eur. J, 2013,19, 3721.
"X.-C. Li, H. Sirringhaus, F. Garnier, A. B. Holmes, S. C. Moratti, N. Feeder, W. Clegg, S. J. Teat, R. H. Friend, A Highly
n-Stacked Organic Semiconductor for Thin Film Transistors Based on Fused Thiophenes. J. Am. Chem. Soc., 1998, 120,
2206.
"2P. Li, Y. Cui, C. Song, H. Zhang, Electronic and Charge Transport Properties of Dimers Of Dithienothiophenes Effect of
Structural Symmetry and Linking Mode. RSC A4dv., 2015, 5, 50212.
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FPP-BDTT B OTS/Si0y/Si tt | TFT" 0.0020
DP-DTT D OTS/Si0y/Si tt | TFT" 0.20
DP-BDTT D OTS/Si0y/Si tt | TFT" 0.0026
Sickle BBTT A OTS/SiO,/Sirt | FET" 0.20-0.60 MD+kMC" 0.55
DBTDT C OTS/Si0,/Si rt | FET' 4.7-6.9 MD+kMC" 5.61
(R=C¢H,3) C OTS/Si0,/Sirt | FET" 8.5

B OTS/Si0,/Si rt | FET" 18.9
DBTBT D OTS/Si0y/Si tt | FET"® 1.8 MD+kMC* 0.1
(R=H)
DITT B HMDS/SiO,/Si | FET " 0.0001 MD-+kMC* 0.0023
BTBT D Bare SiO,/Si rt | FET 0.44-1.71  Dimer DFT”' 0.031-0.11
(R=C/,H>s)
BSBS C HMDS/SiO,/Si rt 0.23 Dimer DFT?' 0.011-0.66
(R=C\5Has) | FET* (R=H)
BTBT (R=Ph) D Bare SiO,/Si rt | FET® 0.19-0.22

OTS/SiO,/Si rt | FET* 0.36-0.46

BSBS (R=Ph) D Bare SiO,/Si rt | FET* 0.19-0.20
DNTT D OTS/Si0,/Si rt | FET? 1.6-1.8 MD-+kMC* 0.91

' M.-C. Chen, S. Vegiraju, C.-M. Huang, P.-Y. Huang, K. Prabakaran, S. L. Yau, W.-C. Chen, W.-T. Peng, 1. Chao, C. Kim,
Y.-T. Tao, Asymmetric Fused Thiophenes for Field-Effect Transistors Crystal Structure — Film Microstructure — Transistor
Performance Correlations. J. Mater. Chem. C, 2014, 2, 8892.
“R.Li, H. Dong, X. Zhan, Y. He, H. Li, W. Hu, Single Crystal Ribbons and Transistors of a Solution Processed Sickle-Like
Fused-Ring Thienoacene. J. Mater. Chem. 2010, 20, 6014.
'>'S. Canola, C. Pecoraro, F. Negri, Modeling p-Type Charge Transport in Thienoacene Analogs of Pentacene. Theor. Chem.
Acc., 2016, 135, 33.
'°Y. Miyata, E. Yoshikawa, T. Minari, K. Tsukagoshi, S. Yamaguchi, High-Performance Organic Field-Effect Transistors
Based on Dihexyl-Substituted Dibenzo[d,d’]Jthieno[3,2-b;4,5-b’]dithiophene. J. Mater. Chem., 2012, 22, 7715.
7p, He, Z. Tu, G. Zhao, Y. Zhen, H. Geng, Y. Yi, Z. Wang, H. Zhang, C. Xu, J. Liu, X. Lu, X. Fu, Q. Zhao, X. Zhang, D. Ji,
L. Jiang, H. Dong, W. Hu, Tuning the Crystal Polymorphs of Alkyl Thienoacene via Solution Self-Assembly Toward Air-
Stable and High-Performance Organic Field-Effect Transistors. Adv. Mater., 2015, 27, 825.
BR. Li, L. Jiang, Q. Meng, J. Gao, H. Li, Q. Tang, M. He, W. Hu, Y. Liu, D. Zhu, Micrometer-Sized Organic Single
Crystals, Anisotropic Transport, and Field-Effect Transistors of a Fused-Ring Thienoacene. Adv. Mater., 2009, 21, 4492.
1. Afonina, P. J. Skabara, F. Vilela, A. L. Kanibolotsky, J. C. Forgie, A. K. Bansal, G. A. Turnbull, I. D. W. Samuel, J. G.
Labram, T. D. Anthropoulos, S. J. Coles, M. B. Hursthouse, Synthesis and Characterisation of New
Diindenodithienothiophene (DITT) Based Materials. J. Mater. Chem., 2010, 20, 1112.
“"H. Ebata, T. Izawa, E. Miyazaki, K. Takimiya, M. Ikeda, H. Kuwabara, T. Yui, Highly Soluble [1]Benzothieno[3,2-
b]benzothiophene (BTBT) Derivatives for High-Performance, Solution-Processed Organic Field-Effect Transistors. J. Am.
Chem. Soc., 2007, 129, 15732.
1 J.-D. Huang, S. Chai, H. Ma, B. Dong, Impact of Edge-Core Structures and Substituent Effects on the Electronic and
Charge-Transport Properties of Heteroaromatic Ring-Fused Oligomers. J. Phys. Chem. C, 2015, 119, 33.
**T. Izawa, E. Miyazaki, K. Takimiya, Solution-Processible Organic Semiconductors Based on Selenophene-Containing
Heteroarenes, 2,7-Dialkyl[1]benzoselenopheno[3,2-b][1]benzoselenophenes (Cn-BSBSs) Syntheses, Properties, Molecular
Arrangements, and Field-Effect Transistor Characteristics. Chem. Mater., 2009, 21, 903.
» H. Ebata, K. Sakamoto, T. Izawa, T. Otsubo, Y. Kunugi, 2,7-Diphenyl[1]benzothieno[3,2-b]benzothiophene, A New
Organic Semiconductor for Air-Stable Organic Field-Effect Transistors with Mobilities up to 2.0 cm® V™' s™'. J. Am. Chem.
Soc., 2006, 128, 12604.
** K. Takimiya, Y. Kunugi, Y. Konda, H. Ebata, Y. Toyoshima, T. Otsubo, 2,7-Diphenyl[l]benzoselenopheno[3,2-
b][1]benzoselenophene as a Stable Organic Semiconductor for a High-Performance Field-Effect Transistor. J. Am. Chem.
Soc., 2006, 128, 3044.
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D Cytop/SiO,/Si rt | FET* 8.3 Static DFT*' ~2.37
Static DET/MD* 1.8

DNSS D OTS/SiO,/Si rt | FET® 0.99-1.9

PTA C Bare SiO,/Si rt | FET® 0.0043 MD-+kMC* 0.032
Static DFT? 0.89
with QNT 3.15

HexaTA C Bare SiO,/Si rt | FET* 0.0022

“ OTS — octadecyltrichlorosilane, HMDS — hexamethyldisilazane, rt — room temperature, SC — single crystal. ”
‘Dimer DFT’ methods refers to mobilities, computed on model molecular dimers or clusters using density
functional theory (DFT); ‘MD’ refers to the use of classical molecular dynamics simulations for the optimisation
of molecular assembly; ‘kMC stands for the computations of transport properties using kinetic Monte Carlo
simulations; ‘QNT’ refers to the inclusion of the full quantum nuclear tunnelling effects in the transfer rate.
Detailed discussion of the different methods is given in the manuscript.

»® T. Yamamoto, K. Takimiya, Facile Synthesis of Highly n-Extended Heteroarenes, Dinaphtho[2,3-52',3'-

flchalcogenopheno[3,2-b]chalcogenophenes, and Their Application to Field-Effect Transistors. J. Am. Chem. Soc., 2007,
129, 2224,
'S Haas, Y. Takahashi, K. Takimiya, T. Hasegawa, High-performance Dinaphtho-thieno-thiophene Single Crystal Field-
Effect Transistors. Appl. Phys. Lett., 2009, 95, 022111.
*"R. S. Sanchez-Carrera, S. Atahan, J. Schrier, A. Aspuru-Guzik, Theoretical Characterization of the Air-Stable, High-
Mobility Dinaphtho[2,3-52'3'-f]thieno[3,2-b]-thiophene Organic Semiconductor. J. Phys. Chem. C, 2010, 114, 2334.
* K. Xiao, Y. Liu, T. Qi, W. Zhang, F. Wang, J. Gao, W. Qiu, Y. Ma, G. Cui, S. Chen, X. Zhan, G. Yu, J. Qin, W. Hu, D. A
Zhu, Highly n-Stacked Organic Semiconductor for Field-Effect Transistors Based on Linearly Condensed Pentathienoacene.
J. Am. Chem. Soc., 2005, 127, 13281.
¥X. Zhang, X. Yang, H. Geng, G. Nan, X. Sun, J. Xi, X. Xu, Theoretical Comparative Studies on Transport Properties of
Pentacene, Pentathienoacene, and 6,13-Dichloropentacene. J. Comput. Chem., 2015, 36, 891.
Y. Liu, X. Sun, C. Di. Y. Liu, C. Du, K. Lu, S. Ye, G. Yu, Hexathienoacene Synthesis, Characterization, and Thin-Film
Transistors. Chem. Asian J., 2010, 5, 1550.
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Chart S1. Types of crystal packing.
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Scheme S1. Various m-conjugated cores, containing O, S or Se heteroatoms, relevant to organic electronics
applications.
Abbreviations:

QTH - 2,2":5',2":5" 2" -quaterthiophene;

QTH(O) — 2,2":5',2":5",2"-quaterfuran;

BTTT — 2,5-di(thiophen-2-yl)thieno[3,2-b]thiophene;

BTTT(O) — 2,5-di(furan-2-yl)furo[3,2-b]furan;

TTT - 2,2":5',2"-terthieno[3,2-b]thiophene;

BTBT — [1]benzothieno[3,2-b][1]benzothiophene;

BSBS — [1]benzoselenopheno[3,2-b][1]benzoselenophene;

DNTT - [2,3-b:2’,3’-f]thieno[3,2-b]thiophene; DSTT — [2,3-:2°,3-f]selenopheno[3,2-b]selenophene;
PTA — thieno[2',3":4,5]thieno[3,2-b]thieno[2',3":4,5]thieno[2,3-d]thiophene;

PTA(O) — furo[2',3":4,5]furo[3,2-b]furo[2',3":4,5]furo[2,3-d]furan;

HTA — thieno[2",3":4',5"thieno[2',3":4,5]thieno[3,2-b]thieno[2",3":4",5']thieno[2',3":4,5]thieno[2,3-d]thiophene;
HTA(O) — furo[2",3":4",5'|furo[2',3":4,5]furo[3,2-b]furo[2",3":4',5"furo[2',3":4,5]furo[ 2,3-d]furan;
Sickle BBTT — bis(benzo[4,5]-thieno)[2,3-5:3°,2°-d]thiophene;

DBTBT - dibenzo[d,d']thieno[3,2-b;4,5-b']dithiophene;

Bp BTT - 2-([1,1'-biphenyl]-4-yl)benzo[b]thieno[2,3-dthiophene;

BBTT — a,0'-bis(dithieno[3,2-5:2’,3’-d]thiophene;

DTT — 2-methyl-6-phenyldithieno[3,2-b:2',3'-d]thiophene.
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Table S2. HOMO energies and HOMO-LUMO gaps (eV) of the investigated cores, computed at the
PBEO0/def2SVP level of theory.

Core Enomo HLG
QTH -5.43 3.47
QTH(O) -4.97 3.67
TTT -5.48 3.44
PTA -5.75 4.18
PTA(O) -5.37 4.39
HTA -5.58 3.75
HTA(O) -5.18 3.90

Table S3. Vertical and adiabatic ionisation potentials and electron affinities, as well as the reorganisation

energies (all in eV), corresponding to the hole and electron transfer, computed from the PBE0/def2SVP electronic

energies.
iy EA
Core vertical adiabatic Ao vertical adiabatic A
E,

QTH 6.63 6.44 0.34 -0.78 -0.94 0.29
QTH(O) 6.47 6.34 0.28 -0.14 -0.28 0.29
TTT 6.58 6.39 0.33 -0.95 -1.12 0.30
PTA 7.08 6.92 0.31 -0.25 -0.38 0.27
PTA(O) 6.89 6.74 0.30 0.50 0.30 0.46
HTA 6.73 6.59 0.28 -0.68 -0.79 0.23
HTA(O) 6.51 6.37 0.29 0.01 -0.17 0.39
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Table S4. Computed effective transfer integrals (electronic couplings) V' (PBE0-dDsC/DZP, in eV), hopping rates
k (in s™), mobilities ¢ (in cm*V's™"), DORI compactness indices (isovalue @=0.96, PBE0-dDsC/DZP densities),
interplanar distances d, longitudal and transversal shifts (all in A) in the PBE0-dDsC/def2SVP optimised cofacial

and antifacial dimer geometries.

DORI shift
Core v V- ke ke He index “ long.  trans.
cofacial
QTH 0.11 0.12  1.4x10°  24x10” 0307 0510 075 331 141 0.84
QTH(O) 0.02 0.09 9.1x10" 1.7x10" 0.019 0344 054 326 136  0.55
TTT 0.19 0.04 43x10"  3.0x10 0.922 0.064 0.93 3.33 144  0.66
PTA 0.29 0.00 1.3x10" 2.8x10" 2.653 0.001 069 328 1.88  0.04
PTA(O) 0.16 0.12  4.6x10"  4.0x10” 0906 0.079 048 3.18 1.58  0.03
HTA 0.33 0.02 2.3x10" 1.1x10"” 4778 0.024 097 328 182 0.2
HTA(O) 0.20 0.10  7.8x10"°  6.7x10” 1.524 0.131 067 317 127  0.02
antifacial
QTH 0.22 0.09 54x10" 1.3x10” 1.181 0.285 n/a 337 020 1.39
QTH(O) 0.03 033 1.7x107%  2.1x10"™ 0.033 3978  0.61 3.16  0.07 1.03
TTT 0.05 0.11  2.5x10%  1.9x10" 0.053 0.420 n/a 334 1.3 0.24
PTA 0.37 0.03 22x10" 1.7x10" 4.679 0.037  0.69 333 029  0.04
PTA(O) 0.17 0.11  52x10"  3.7x10" 1.031 0.075 048 321 075 0.22
HTA 0.40 0.04 3.4x10" 7.1x10” 7.173 0.152 098 331 014  0.05
HTA(O) 0.22 0.12  8.9x10" 82x10" 1.762 0.163 0.66 3.19  0.62 0.09

“ In several species, the intermolecular DORI domains with 0.95 isovalue are merged with the intramolecular S—S
domains, hence the compactness indices for these domains cannot be compared to the rest of the systems and

therefore are not reported.

S9



-o-QTH
0.5 - =@-QTH(0)

©
~

Transfer integral, eV
o
w

0.2
0.1
0.0 T T T T T T 1
0.0 0.5 1.0 1.5 2.0 25 3.0 35
Longitudal displacement, A
0.6
0.5 =@=PTA

=@~ PTA(O)

o
~

Transfer integral, eV
o
w

0.2
0.1
0.0 , : , , . , ‘
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Longitudal displacement, A
0.6
=@= HTA
0.5 _
=@ HTA(O)

o
S
1

Transfer integral, eV
=} o
N w
L 1

°
=

0.0 ‘ T ‘ .
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5
Longitudal displacement, A

T T 1
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Including peptide side chains in the reorganisation energies and electronic couplings

The reorganisation energies, computed according to Eq. 4 of the manuscript using the PBEO/def2-

SVP method for PTA cores with different substituents, are:

- with H atoms instead of the side chains 1:=0.31 eV;

- with CHj3 groups instead of the side chains 1,=0.30 eV;

- with monopeptide side chains, in which the chains beyond their first methylene group (directly
bound to the PTA core) were frozen to mimic the constrain within the lateral H-bonding
network of the fibril, 1,=0.30 eV;

- with monopeptide side chains (fully optimised) 4:=0.39 eV. This value is higher due to
geometrical changes (Figure S2A).

It is thus evident that the bare core yields the lower limit estimate of the reorganisation energy, i.e. the
upper limit of the charge mobility. This estimate is likely to be realistic provided the species are
reasonably constrained within the nanofibril. A more accurate determination of the reorganisation
energy within the nanofibril (e.g. tetramer, as opposed to the isolated monomer) is challenging in terms

of unambiguous choice of the system size and technical implementation.

Figure S2. (A) PBEO/def2-SVP optimised geometries of the neutral and cation radical PTA cores with
monopeptide side chains. (B) PBE0/def2-SVP HOMO plots of fully relaxed neutral PTA cores with R=H (top)
and R=monopeptide (bottom).

Geometry of the PTA dimer bearing monopeptide side chains (in their extended conformations)
was optimised using the PBE0-dDsC/def2SVP method. This optimised geometry was then used to
generate the geometries of two analogues with —H and —CHj3 groups instead of the H-bonding side
chains, which were not re-optimised so as to keep the relative alignment of the cores identical in all
three systems. The hole transfer integrals for these three dimers were computed at the PBE0O-dDsC/DZP
level as implemented in ADF’' and compared to that of a fully relaxed PTA dimer (R=H). These

3 ADF2014, SCM, Theoretical Chemistry, Vrije Universiteit, Amsterdam, The Netherlands, http://www.scm.com. E. J.
Baerends, T. Ziegler, J. Autschbach, D. Bashford, A. Bérces, F. M. Bickelhaupt, C. Bo, P. M. Boerrigter, L. Cavallo, D. P.
Chong, L. Deng, R. M. Dickson, D. E. Ellis, M. van Faassen, L. Fan, T. H. Fischer, C. Fonseca Guerra, M. Franchini, A.
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computations rely upon monomer orbitals treated as charge localised states and thus lack polarisation by
the partner monomer and environment. To validate the applicability of this assumption to selected
system (PTA), we have employed the Frozen Density Embedding (FDE) scheme® at the PW91/TZP

level, as implemented in ADF.’!

Table S5. Computed charge transport and geometry parameters of the PTA cores with different side chains (using

2.=0.31 eV).

Core Level of VeV ks ,u+,2 n d, shift, A
theory cm“V''s A long. trans.

opt. R=H PBE(0/DZP 0.29 1.3x10"*  2.65 3.28 1.88 0.04
fde R=H PW91/TZP 0.27 1.1x10"*  2.29 3.28 1.88 0.04
fr. R=H PBE(0/DZP 0.27 1.2x10"*  2.54 3.34 2.66 0.18
fr. R=CH;  PBE0/DZP 0.28 1.2x10"*  2.58 3.34 2.66 0.18
opt. R=pept PBE0/DZP 0.28 1.3x10"*  2.70 3.34 2.66 0.18
opt. R=pept  PBE0/TZP 0.28 1.2x10"*  2.62 3.34 2.66 0.18
opt. R=pept PW91/DZP 0.25 9.4x10"%  2.03 3.34 2.66 0.18
opt. R=pept PW91/TZP 0.24 9.2x10" 1.99 3.34 2.66 0.18
fde R=pept PW91/TZP 0.21 6.8x10" 1.47 3.34 2.66 0.18

“ ‘opt.” stands for fully optimised dimer, ‘fde’ stands for FDE scheme used to compute the electronic couplings
for the dimer in its fully optimised geometry, ‘fr.” refers to the frozen alignment of the cores, taken from the
optimised geometry of the dimer with the monopeptide side chains.

The transfer integrals are relatively similar for all investigated dimer systems, despite fairly
different longitudinal shifts in the dimers with no and with H-bonding side chains. This feature is likely
to be system-dependent (see Figure S1). The similarity between the transfer integrals of the bare and
peptide-flanked core dimers is in agreement with the fact that the corresponding monomer orbitals are
nearly identical (Figure S2B). The difference between the results, obtained using localised monomer
orbitals and the FDE numbers can potentially be attributed to the influence of the level of theory (PBEO
vs. PWO1).

Ghysels, A. Giammona, S. J. A. van Gisbergen, A. W. Gotz, J. A. Groeneveld, O. V. Gritsenko, M. Griining, S. Gusarov, F.
E. Harris, P. van den Hoek, C. R. Jacob, H. Jacobsen, L. Jensen, J. W. Kaminski, G. van Kessel, F. Kootstra, A. Kovalenko,
M. V. Krykunov, E. van Lenthe, D. A. McCormack, A. Michalak, M. Mitoraj, S. M. Morton, J. Neugebauer, V. P. Nicu, L.
Noodleman, V. P. Osinga, S. Patchkovskii, M. Pavanello, P. H. T. Philipsen, D. Post, C. C. Pye, W. Ravenek, J. L
Rodriguez, P. Ros, P. R. T. Schipper, G. Schreckenbach, J. S. Seldenthuis, M. Seth, J. G. Snijders, M. Sola, M. Swart, D.
Swerhone, G. te Velde, P. Vernooijs, L. Versluis, L. Visscher, O. Visser, F. Wang, T. A. Wesolowski, E. M. van Wezenbeek,
G. Wiesenekker, S. K. Wolff, T. K. Woo, A. L. Yakovlev.

> M. Pavanello, J. Neugebauer. Modelling Charge Transfer Reactions with the Frozen Density Embedding Formalism. J.
Chem. Phys., 2011, 135, 234103. (b) M. Pavanello, T. Van Voorhis, L. Visscher, J. Neugebauer. An Accurate and Linear-
Scaling Method for Calculating Charge-Transfer Excitation Energies and Diabatic Couplings. J. Chem. Phys., 2013, 138,
054101.
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Energy decomposition analysis

The energy decomposition analysis of selected dimers for a range of longitudinal displacement
values (0.0-3.5 A, step = 0.25 A) at fixed intermolecular distances (equal to those in the optimised
PBEO0-dDsC/def2SVP geometries) was performed using the simplest truncation of the symmetry-
adapted perturbation theory” (SAPTO0) with the jun-cc-pVDZ basis set employing the density fitting
algorithm (DF-SAPT),** implemented in the Psi4-Beta5 code.” For the distributed multipole analyses
(DMA),*® the atom-centered multipoles up to the 8™ order were generated using Molpro®’ at the HF/6-
311G** level. The interaction energies between these multipoles were computed up to the 5™ order
using an in-house program of the Sherrill research group (Georgia Institute of Technology). The
difference between the SAPTO electrostatic energy and the DMA interaction energy was used to

elucidate the effect of ‘charge penetration’.*®

As seen in Figure S3 below, there is a pronounced minimum of the longitudinal shift of the HTA
dimer around 1.5-2.5 A, at which the interaction energy is at its lowest due to minimised exchange and
electrostatic components. In turn, the extremum in electrostatic energy with the lateral shift arises
primarily from the charge penetration effect, indicative of maximised orbital rather than through-space
Coulombic interaction at this shift. In contrast, the interaction energy profile of the oxygen analogue,
HTA(O), is much flatter (1-3 A), and the charge penetration is gradually decreasing with the decreasing
spatial overlap between the cores (increasing shift). The absence of an extremum in this profile indicates

attenuated orbital interaction compared to HTA.

3 B. Jeziorski, R. Moszynski, K. Szalewicz, Perturbation Theory Approach to Intermolecular Potential Energy Surfaces of
van der Waals Complexes, Chem. Rev., 1994, 94, 1887.
**(a) E. G. Hohenstein, R. M. Parrish, C. D. Sherrill, J. M. Turney, H. F. Schaefer, Large-scale Symmetry-adapted
Perturbation Theory Computations via Density Fitting and Laplace Transformation Techniques Investigating the
Fundamental Forces of DNA-Intercalator Interactions, J. Chem. Phys., 2011, 135, 174017. (b) E. G. Hohenstein, C. D.
Sherrill, Density Fitting and Cholesky Decomposition Approximations in Symmetry-Adapted Perturbation Theory
Implementation and Application to Probe the Nature of n-n Interactions in Linear Acenes, J. Chem. Phys., 2010, 132,
184111.
M. Turney, A. C. Simmonett, R. M. Parrish, E. G. Hohenstein, F. Evangelista, J. T. Fermann, B. J. Mintz, L. A. Burns, J.
J. Wilke, M. L. Abrams, N. J. Russ, M. L. Leininger, C. L. Janssen, E. T. Seidl, W. D. Allen, H. F. Schaefer, R. A. King, E.
F. Valeev, C. D. Sherrill, and T. D. Crawford, PSI4: An Open-Source Ab Initio Electronic Structure Program. WIREs
Comput. Mol. Sci., 2012, 2, 556.
3 A. J. Stone, M. Alderton, Distributed Multipole Analysis. Mol. Phys., 1985, 56, 1047.
37 Molpro 2012.1, H.-J. Werner, P. J. Knowles, G. Knizia, F. R. Manby, M. Schiitz, P. Celani, W. Gyorffy, D. Kats, T.
Korona, R. Lindh, A. Mitrushenkov, G. Rauhut, K. R. Shamasundar, T. B. Adler, R. D. Amos, A. Bernhardsson, A. Berning,
D. L. Cooper, M. J. O. Deegan, A. J. Dobbyn, F. Eckert, E. Goll, C. Hampel, A. Hesselmann, G. Hetzer, T. Hrenar, G.
Jansen, C. Koppl, Y. Liu, A. W. Lloyd, R. A. Mata, A. J. May, S. J. McNicholas, W. Meyer, M. E. Mura, A. Nickla$3, D. P.
O'Neill, P. Palmieri, D. Peng, K. Pfliiger, R. Pitzer, M. Reiher, T. Shiozaki, H. Stoll, A. J. Stone, R. Tarroni, T.
Thorsteinsson, M. Wang.
* E. G. Hohenstein, J. Duan, C. D. Sherrill, Origin of the Surprising Enhancement of Electrostatic Energies by Electron-
Donating Substituents in Substituted Sandwich Benzene Dimers, J. Am. Chem. Soc., 2011, 133, 13244.
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Table S6. Computed electronic energies (at the PBE0-D3BJ/def2SVP level, all in Hartrees) for the neutral, cation

radical and anion radical cores in the optimised and ‘frozen’ geometries.

geometry 0,1 0,1 +1,2 +1,2 0,1 -1,2 -1,2
charge, 0.1 +1.2 +1.2 0.1 12 12 0.1
multipl.
Core E.

QTH 12206.32702 -2206.08354 -2206.09028 -2206.32142 -2206.35563 -2206.36166 -2206.32224
QTH(O)  -914.90779 -914.66990 -914.67495 -914.90264 -914.91297 -914.91826 -914.90250
BTTT  -2129.05265 -2128.80208 -2128.80935 -2129.04700 -2129.07418 -2129.08076 -2129.04770
BTTT(O) -837.61112 -837.36889 -837.37408 -837.60595 -837.61251 -837.61826 -837.60541
TTT 13077.08355 -3076.84168 -3076.84855 -3077.07820 -3077.11837 -3077.12465 -3077.07885
PTA 12448.52019 -2448.26012 244826579 -2448.51463 -2448.52925 -2448.53414 -2448.51529
PTA(O)  -834.15392 -833.90060 -833.90609 -834.14848 -834.13573 -834.14295 -834.14432
HTA 13396.55125 -3396.30384 -3396.30903 -3396.54613 -3396.57612 -3396.58042 -3396.54693
HTA(O) -1136.43013 -1136.19080 -1136.19613 -1136.42486 -1136.42975 -1136.43655 -1136.42269
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Modelling of the nanofibrils and MD simulations

Constructing the nanofibrils. The strategy used to generate helical shape nanofibrils is

summarised in Figure S4, and the details are given below.

Monomers: mt-stacked cores flanked with oligopeptides comprised of four alanine (ALA) residues
were built manually using a combination of Avogadro®” and VMD®, constraining ALA residues onto a
beta-sheet configuration in the Ramachandran dihedral space to form the H-bond aggregators. Then,
monomer structures were roughly optimised with the UFF force-field*' before being used as an input

into AmberTools14** and the antechamber command.

Dodecamers: From a monomer, dodecameric structures were generated by replicating monomers
along the perpendicular axis of the core at a distance of 0.5 nm. Then, an energy minimisation, an NPT
equilibration and finally an MD run of 10 ns were performed to relax the dodecameric structure in

explicit solvent. Parameters for each run were the same as the ones described in the main text.

Fibrils: In order to generate the nanofibrils, the most representative dimer structure was extracted
from the MD run of the corresponding dodecamer structure. Then, dimers were replicated and rotated
along the axis formed by the centre of mass of each core of the dodecamer (which also corresponds to
the direction of the H-bond aggregators) to reproduce a helical shape. Four MD runs of 10 ns were
performed to relax the nanofibrils (made of central cores with S atoms), with initial configurations
corresponding to helical structures with a periodicity P of 30, 60, 90 and 120 nm (Table S7). This
sampling of periodicity leads to unit cells with different box parameters and different numbers of
monomers to get one turn (Table S8). The turn was chosen to be a left turn by default. The radius
between the center of mass of each core for all the fibrils was chosen to be zero, initially. It means that
the long axis of the nanofibril is completely straight and oriented along the z-axis at t = 0. However, as
shown in Figure S4 for the case of PTA cores with P = 30 nm, the radius is strongly relaxed during the

MD run.

**M. D. Hanwell, D. E. Curtis, D. C. Lonie, T. Vandermeersch, E. Zurek, G. R. Hutchison, Avogadro: An Advanced
Semantic Chemical Editor, Visualization, and Analysis Platform. J. Cheminform. 2012, 4.
*'W. Humphrey, A. Dalke, K. Schulten, VMD - Visual Molecular Dynamics. J. Molec. Graphics 1996, 14, 33.
*I' A. K. Rappe, C. J. Casewit, K. S. Colwell, W. A. Goddard III, W. M. Skiff, UFF, a Full Periodic Table Force Field for
Molecular Mechanics and Molecular Dynamics Simulations. J. Am. Chem. Soc. 1992, 114, 10024.
“2D. A. Case, V. Babin, J. T. Berryman, R. M. Betz, Q. Cai, D. S. Cerutti, T. E. Cheatham, III, T. A. Darden, R. E. Duke, H.
Gohlke, A. W. Goetz, S. Gusarov, N. Homeyer, P. Janowski, J. Kaus, I. Kolossvary, A. Kovalenko, T. S. Lee, S. LeGrand, T.
Luchko, R. Luo, B. Madej, K. M. Merz, F. Paesani, D. R. Roe, A. Roitberg, C. Sagui, R. Salomon-Ferrer, G. Seabra, C. L.
Simmerling, W. Smith, J. Swails, R. C. Walker, J. Wang, R. M. Wolf, X. Wu, P. A. Kollman 2014, AMBER 2014,
University of California, San Francisco.
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monomer

Figure S4. Modelling strategy used in the present work to generate the nanofibrils. Atomic structures at the
different stages of the process are shown in VDW representation. For the dodecamer and the nanofibril structures,
left panels represent the initial configuration and right panels correspond to structures relaxed after 10 ns MD
simulations.
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Table S7. MD simulations of the nanofibrils and their corresponding structural stabilities. S and B correspond to

stable and broken nanofibrils, respectively. * corresponds to MD runs of the nanofibrils that were selected for CT

calculations.

PTA HTA QTH TTT PTA(O) HTA(O) QTH(O)

P=30nm S* B B B S* S* B
P=60nm S S* B S* - S B
P=90 nm B B B S - - B
P=120nm B B S* B - - B
P=45nm - - - - - - B
P= 75nm - - - - - - S*
P=105nm - - - - - - B

Table S8. MD simulations parameters of the nanofibrils used for CT calculations. P represents the periodicity of
the nanofibril; L,, L, and L. represent the simulation box parameters; N,, represents the number of monomers per
turn and the number in parenthesis corresponds to the number of atoms per monomer; N, represents the number of

solvent molecules and N,,, represents the total number of atoms in the simulation box.

P(nnm) L,=L,(innm) L.(in nm) N, N, Ny
PTA 30 16.1 29.6 70 (181) 38215 318 390
HTA 60 16.5 59.2 134 (187) 84927 704 474
QTH 120 16.4 118.4 248 (190) 170410 1410400
TTT 60 16.7 59.5 132 (192) 88981 737192
PTA(O) 30 15.6 29.5 66 (181) 38238 317850
HTA(O) 30 16.0 29.6 68 (187) 39979 332548
QTH(O) 75 16.3 74.0 156 (190) 104828 868 264

For central cores with O atoms, only two periodicities were tested: the same as the one obtained for
the sulfur case, and a smaller one. For example, for the case of HTA(O), the periodicity of 60 nm was
tested first, leading to a stable structure. Then, the periodicity of 30 nm was tested and the most stable
nanofibril was selected. For the case of QTH(O), it was more complicated due to the fact that
periodicities of 30, 60, 90 and 120 nm led to broken fibrils. Therefore, a larger sampling was performed,
with intermediate values of P: 45, 75 and 105 nm. Finally, only P = 75 nm led to a stable structure (see

Table S7 for a complete summary of the sampling).

Estimation of the relative alignment of m-stacked cores. The interplanar distance d and the

longitudinal and transversal shifts between the consecutive cores (shown in Figure 3 of the manuscript)
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have been extracted from the MD simulations as explained in the previous work™. Values in Table 1 of
the manuscript correspond to the most representative configurations, i.e. the global minimum of the

free-energy profiles and surfaces.

Structural stability of nanofibrils. The global stability of each nanofibril during MD simulations
was established using two distinct criteria. First, to estimate if a structure was broken or not during the
MD simulations, we computed the distances between N atoms of the first alanine residues of the left and
of the right side chain of two consecutive residues, as depicted in Figure S5A. These distances represent
the “quality” of the H-bond aggregation between the oligopeptides. As shown in Figure S5B for the case
of PTA nanofibrils, structures with periodicities of 90 and 120 nm are broken during the MD runs, with
distances between consecutive monomers as large as 20 A. On the opposite, fibrils with a periodicity of
30 or 60 nm show relatively constant distances as a function of time, around 4-5 A, reflecting a strong
interaction between the aggregators. Therefore, to differentiate between the two former cases, another
criterion was required. Root-Mean Square Deviation (RMSD) for all the heavy atoms (all atoms except
H atoms) was computed for the nanofibrils to validate the previous criterion (Figure S5C). The
nanofibril showing the lowest deformation during its MD run (in the case of PTA cores, P = 30 nm) was
selected as the “best case” nanofibril and was then used to compute the CT properties. The MD

relaxation of these selected nanofibrils for each core is shown in Figure S6.

Influence of the periodicity on CT mobilities. In order to test the influence of the periodicity on
the CT mobilities, MD simulations of the nanofibrils with 2 turns were performed. Two different cores
(one with S and one with O atoms, both with a periodicity of 30 nm) were tested, i.e. PTA and HTA(O).
As shown in Figure S7, adding a second turn to the CT calculations (from 30 to 60 nm length), which
increases the number of consecutive monomers by a factor of two, does not change significantly the CT
properties. In fact, the widths and heights of the distribution P(u) are very similar, showing that the
disorder is quantitatively the same. In addition, the average mobilities went from 1.9-2.0 to 2.2, which

corresponds to the same order of magnitude.

* A. Nicolai, H. Liu, R. Petraglia, C. Corminboeuf, Exploiting Dispersion-Driven Aggregators as a Route to New One-
Dimensional Organic Nanowires. J. Phys. Chem. Lett., 2015, 6, 4422.
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Figure SS. Structural stability of nanofibrils during the MD simulations. (A) Schematic representation of the
distance between N atoms of two consecutive monomers used to characterise the stability of the H-bond network
between aggregators. (B) Distances as a function of time and dimer positions during MD simulations of the PTA
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Figure S8. Distributions of site energy differences (energetic disorder, A) and transfer integrals (configurational

disorder, B) for the neighbour pairs in the PTA (most stable) and QTH (least stable) fibrils.
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Comparison of ZINDO and DFT transfer integrals

The transfer integrals between all the neighbouring sites were computed with a semiempirical
ZINDO method and a more time-demanding DFT method (PBE(O/def2-SVP) for a single snapshot of the
pentathienoacene nanofibril. ZINDO values are evaluated with VOTCA software™ based on the HOMO
orbitals computed using Gaussian 09,* while the DFT values were computed with VOTCA coupled to
Turbomole 6.5.%° The comparison of transfer integrals is given in Figure S9.
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Figure S9. Distribution of transfer integrals computed with ZINDO and PBE0/def2-SVP methods.

There is a good agreement between the ZINDO and PBEO values with a slight underestimation of
the transfer integrals when ZINDO is used. The agreement is somewhat deteriorated for the smaller
transfer integrals, which has also been reported in ref 44. Overall, the computed hole mobilities (with all
other parameters fixed, as detailed in the Computational Details section of the manuscript) are 8.7 % 10™

em®V's™ from ZINDO and one order of magnitude larger, 4.8X 10 cm” V''s™' with PBEO.

H Riihle, V. Lukyanov, A. May, F. Schrader, M. Vehoff, T. Kirkpatrick, J. Baumeier, B. Andrienko, D. Microscopic
Simulations of Charge Transport in Disordered Organic Semiconductors, J. Chem. Theory Comput., 2011, 7, 3335.

45 Gaussian 09, Revision D.01, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G.
Scalmani, V. Barone, B. Mennucci, G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P. Hratchian, A. F. Izmaylov, J.
Bloino, G. Zheng, J. L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y.
Honda, O. Kitao, H. Nakai, T. Vreven, J. A. Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers,
K. N. Kudin, V. N. Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J. C. Burant, S. S. Iyengar, J.
Tomasi, M. Cossi, N. Rega, J. M. Millam, M. Klene, J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R.
Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, R. L. Martin, K. Morokuma, V.
G. Zakrzewski, G. A. Voth, P. Salvador, J. J. Dannenberg, S. Dapprich, A. D. Daniels, O. Farkas, J. B. Foresman, J. V. Ortiz,
J. Cioslowski, and D. J. Fox, Gaussian, Inc., Wallingford CT, 2009.

*F. Furche, R. Ahlrichs, C. Hittig, W. Klopper, M. Sierka, F. Weigend Turbomole, WIREs Comput. Mol. Sci., 2014, 4, 91.
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APPENDIX 1

Optimised geometries of all monomers (PBE0/def2-SVP) and dimers (PBE0-dDsC/def2-SVP) in the

form of Cartesian coordinates.

QTH

01

S 0.3745735907 1.0505417077 5.8211417645
C 0.0357319064 -0.1262152742 4.592272548
C -0.2160220585 -1.3592999409 5.1603217752
C -0.1417042187 -1.3437710224 6.5768991608
C 0.1635855497 -0.103599943 7.074449754

C 0.0468303371 0.2428497667 3.1958367903
C 0.0332223816 1.5022649511 2.6292516581
C 0.0392913686 1.4793857533 1.2173081192
C 0.0569007612 0.2013113109 0.6920109053
S 0.0896295938 -0.9782534601 1.9645963325
C 0.0570704523 -0.2109204021 -0.6891773514
S 0.3457929748 0.9420502294 -1.953778216
C 0.163891186 -0.2604604923 -3.190615159

C -0.0843443496 -1.498204935 -2.6304987869
C -0.1443129357 -1.4708701575 -1.2199083242
C 0.2825530519 0.0995568615 -4.5843932036
C 0.2713597264 1.355198728 -5.1586904181

C 0.4097641244 1.3216289031 -6.5701290988
C 0.5235968787 0.045661687 -7.057686917

S 0.4750615663 -1.1225484684 -5.8005912463
H -0.2390889068 -2.3958228672 -3.2310157536
H -0.3504633704 -2.3450912163 -0.6005800094
H 0.0102704898 2.3730783965 0.5921666443
H -0.0016388415 2.4155122052 3.2251051735
H 0.1506804152 2.2693331629 -4.5752304463
H 0.4188314572 2.2087507564 -7.2042175604
H 0.6362890423 -0.2733854251 -8.0927117323
H -0.4623483615 -2.2420056407 4.5680579495
H -0.3138795134 -2.2168475704 7.2071620731
H 0.2789817014 0.1960303959 8.1149665749

12

S 0.0471563883 1.1064911793 5.7848707962
C -0.0258864348 -0.123506215 4.5555678278
C -0.1467673672 -1.3882790328 5.1330271802
C -0.1782143698 -1.3464652511 6.5357130433
C -0.0817032253 -0.0570926212 7.0232181098
C 0.0368514958 0.2142917421 3.1771362603
C 0.158718375 1.4950617682 2.6064633322

C 0.1915310214 1.4760101033 1.2227557922
C 0.0960277389 0.1792811546 0.6808539975
S -0.0351044789 -1.0060938203 1.9493953505
C 0.0983162503 -0.1955868957 -0.6760281871
S 0.2290956678 0.9898176695 -1.9445783101
C 0.157374562 -0.230587592 -3.1723133814

C 0.036022074 -1.5114007616 -2.6016276665
C 0.0032371857 -1.4923514248 -1.2179194364

-12

S 0.0457373613 1.1043499526 5.8488562943
C -0.0264831373 -0.1197449872 4.5966566075
C -0.1473069106 -1.3800503486 5.1827910792
C -0.1791110705 -1.3419174212 6.5973309762
C -0.0849937421 -0.0737050304 7.1136956149
C 0.0372014259 0.2316702939 3.2211872447
C 0.1577470198 1.4926731583 2.6296621075
C 0.1908953227 1.4739402636 1.2358851075
C 0.0966061992 0.1861901066 0.6791848304
S -0.0353328065 -1.0025680799 1.9705608758
C 0.0976461471 -0.2024868181 -0.6743571084
S 0.2293569442 0.9862905165 -1.9657388398
C 0.1569779975 -0.2479608638 -3.2163614672
C 0.036549194 -1.5089736247 -2.6248333173
C 0.0035534283 -1.4902534244 -1.2310526259
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C 0.2198337402 0.1072337448 -4.5507518782
C 0.3398289527 1.3720808504 -5.1282332482
C 0.3711058656 1.3302813346 -6.5309233394
C 0.2755600946 0.0408277362 -7.0184044084
S 0.1476599473 -1.1228365375 -5.7800332441
H -0.0249585157 -2.4189311238 -3.203816961
H -0.0868727175 -2.3850294396 -0.5968259074
H 0.2820395067 2.3686546879 0.6016721712
H 0.2200307081 2.4025643061 3.2086608732
H 0.4019849086 2.2906915939 -4.5419570117
H 0.4602162695 2.2068735322 -7.1725154671
H 0.274855647 -0.2775465202 -8.0611370247
H -0.2095518903 -2.3068370565 4.5467353187
H -0.26804072 -2.2229974003 7.1772873739

H -0.0808440351 0.2612686564 8.0659545727

cofacial

01

C -3.742372 -1.935846 0.306625
S -4.948011 -2.324375 -0.874826
C -4.330943 -1.651346 1.519694
C -5.744827 -1.744236 1.486936
C -6.220547 -2.099507 0.254667
C -2.345664 -1.928304 -0.04558
C -1.763004 -2.17495 -1.270936
C -0.358946 -2.055157 -1.256204
C 0.146284 -1.721191 -0.015729
S -1.136314 -1.553175 1.134675
C 1.515259 -1.519659 0.374696
S 2.801865 -1.758518 -0.762162
C 4.010408 -1.341897 0.405444
C 3.427202 -1.03863 1.616952
C 2.02075 -1.138524 1.599704
C 5.404911 -1.342026 0.042085
C 5.971279 -1.558487 -1.196474
C 7.384194 -1.469829 -1.186118
C 7.883459 -1.188291 0.058449
S 6.633548 -1.035326 1.221734
H 4.00697 -0.734759 2.488965
H 1.383393 -0.922404 2.457196
H 0.276587 -2.205802 -2.12955
H -2.345284 -2.424198 -2.158603
H 5.375882 -1.764299 -2.086759
H 8.011691 -1.609746 -2.066744
H 8.923829 -1.071041 0.357068
H -3.754845 -1.37106 2.402236
H -6.390172 -1.541198 2.341127
H -7.255274 -2.226705 -0.056798
C -5.404578 1.339692 -0.04741
S -6.63237 1.027834 -1.226648
C -5.971903 1.56071 1.189937
C -7.38486 1.471966 1.17875

C -7.883157 1.184795 -0.064798
C -4.009869 1.339957 -0.410136
C -3.425803 1.038166 -1.62158
C -2.019462 1.14019 -1.603895
C -1.515056 1.521704 -0.37857
S -2.802404 1.758079 0.758156
C -0.146896 1.724296 0.014025
S 1.13813 1.55595 -1.133143

C 2.344981 1.930945 0.049394

C 0.2206209117 0.1034577989 -4.5918317906
C 0.340305549 1.3638587285 -5.1779946313

C 0.3724400653 1.3256981801 -6.5925262226
C 0.279550537 0.0573829168 -7.1088605625

S 0.1498177966 -1.1207559582 -5.8439964701
H -0.0252264711 -2.4218688225 -3.2216264954
H -0.0866003739 -2.3818097349 -0.6080678186
H 0.2812948155 2.3654759449 0.6129064397

H 0.2194757029 2.4055722505 3.2264542164

H 0.4015012122 2.2763337012 -4.5834506521

H 0.4622507774 2.2160871022 -7.2187303764
H 0.279412975 -0.2555435183 -8.1512931013

H -0.2095490577 -2.2924375155 4.5882209631
H -0.2697466843 -2.2322370602 7.2235147428
H -0.0844851287 0.239190293 8.1561373795

antifacial

01

S -5.736702 1.487683 1.130087
C -4.461348 1.891041 0.032549
C -4.977617 2.364545 -1.156342
C -6.393704 2.397426 -1.171374
C -6.940745 1.946461 0.000877
C -3.081791 1.702450 0.404274
C -2.561856 0.953918 1.437502
C -1.152603 0.933924 1.456647
C -0.583239 1.668894 0.438640
S -1.810078 2.421600 -0.526591
C 0.808757 1.827336 0.113888
S 2.035067 1.307137 1.219497
C 3.307039 1.793438 0.151850
C 2.788156 2.342365 -1.002703
C 1.377999 2.362648 -1.024334
C 4.686517 1.618730 0.532798
C 5.216834 0.784938 1.492485
C 6.628554 0.863988 1.575755
C 7.159942 1.757039 0.684259
S 5.941216 2.513037 -0.257043
H 3.418485 2.707439 -1.814543
H 0.784108 2.741886 -1.856782
H -0.559582 0.358258 2.167811
H -3.191194 0.395492 2.130868
H 4.599724 0.113409 2.089919
H 7.231956 0.271411 2.263349
H 8.206695 2.012377 0.528937
H -4.346159 2.666505 -1.993024
H -6.988110 2.733716 -2.021142
H -7.993513 1.853513 0.261732
S 5.718036 -2.586777 0.262328
C 4.461876 -1.717904 -0.553067
C 4.993274 -0.886934 -1.514563
C 6.406711 -0.946599 -1.578669
C 6.938005 -1.822115 -0.670089
C 3.081555 -1.890718 -0.176785
C 2.556635 -2.438865 0.975447
C 1.146467 -2.431380 1.001675
C 0.583704 -1.879096 -0.131662
S 1.816524 -1.376232 -1.238468
C -0.805609 -1.693713 -0.452701
S -2.045953 -2.410242 0.522589
C -3.303902 -1.671615 -0.411736
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C 1.75973 2.178152 1.273545

C 0.355699 2.058535 1.255604
C 3.742222 1.937554 -0.300881
C 4.332932 1.655383 -1.513454
C 5.74683 1.746123 -1.477397
C 6.22045 2.097938 -0.243276
S 4.946057 2.321364 0.884295
H 2.339447 2.426389 2.163171
H -0.28173 2.210101 2.127395
H -1.380017 0.926317 -2.460448
H -4.004931 0.733667 -2.493822
H 3.758266 1.377645 -2.397762
H 6.395477 1.54482 -2.329506
H 7.25498 2.223004 0.069733

H -5.378325 1.769954 2.080639
H -8.012944 1.615043 2.058426
H -8.92321 1.065594 -0.363691

QTH(O)
01

0 0.0259209575 0.6749060786 5.1774905012
C -0.0183216159 -0.1634028509 4.1170460791
C -0.1385930927 -1.4612137274 4.5479679697
C -0.1683666006 -1.3978055389 5.9726773172
C -0.0651196237 -0.0763551801 6.2949398263
C 0.0637910067 0.4264020441 2.8127305501
C 0.1837112991 1.7249646615 2.3795712459
C 0.2142599992 1.6680052294 0.9606025304
C 0.110735567 0.3378664897 0.6284434518

0 0.0196293264 -0.41308892 1.7517607555

C 0.0838634508 -0.3541925809 -0.6236083047
0 0.1744531015 0.3968061165 -1.7469384481
C 0.1306610534 -0.442715821 -2.8078990556
C 0.0114175668 -1.7413351514 -2.3747229297
C -0.0190242259 -1.6843846777 -0.9557515571
C 0.2122344513 0.1471342585 -4.1122279868
C 0.3308966725 1.4450799829 -4.5431898746
C 0.3613125446 1.3816179674 -5.9678832565
C 0.259108451 0.06008022 -6.2901198452

0 0.1686927477 -0.6912334005 -5.1726549891
H -0.0462502518 -2.6204377897 -3.0109525283
H -0.1053676795 -2.5098238989 -0.254279515
H 0.301117825 2.4934013487 0.2591432728

H 0.2417435546 2.6040367617 3.0158099023
H 0.3883445477 2.3253108695 -3.9085715333
H 0.4479247886 2.2123964399 -6.6643356403
H 0.237644758 -0.4800559181 -7.2325132002
H -0.1971090936 -2.3413551101 3.9133230806
H -0.2556001047 -2.2285319528 6.66911426

H -0.0429127803 0.4637186855 7.237351652

12

0 0.0270835132 0.6787315621 5.1445023917
C -0.0187414333 -0.1765574982 4.0945665492
C -0.1396160072 -1.4794516642 4.5538831543
C -0.1672090604 -1.3922966901 5.9616854849
C -0.0621779068 -0.0541608687 6.2610369508
C 0.0602363654 0.3833723882 2.8017193221
C 0.1820830432 1.7089031905 2.369795548

C 0.2128742608 1.6651911312 0.9792474942
C 0.1084771416 0.314762429 0.6229558789

C -2.770367 -0.945092 -1.453697
C -1.361207 -0.957866 -1.477690
C -4.684257 -1.805896 -0.021571
C -5.202483 -2.249420 1.177984
C -6.617768 -2.207051 1.218931

C -7.162001 -1.730841 0.055327
S -5.956121 -1.339787 -1.097738
H -3.388701 -0.375819 -2.148220
H -0.757901 -0.405861 -2.198774
H 0.548157 -2.807043 1.832646

H 3.182100 -2.817620 1.784649

H -4.572455 -2.577788 2.005663
H -7.213463 -2.510862 2.080002
H -8.213532 -1.588696 -0.187978
H 4.374820 -0.227020 -2.123690
H 7.011393 -0.350668 -2.262001

H 7.986199 -2.059549 -0.497399

-12

0 0.0263297361 0.6838835284 5.2037744662
C -0.0181328955 -0.1583378001 4.1300582796
C -0.1393858581 -1.468125434 4.5788215371
C -0.1684501294 -1.3956984441 6.0003445604
C -0.0653575777 -0.0746662519 6.3309842514
C 0.0615461776 0.4097602082 2.8383063883
C 0.1826126645 1.7193945832 2.3815281615
C 0.2131160812 1.6694882357 0.9817016297
C 0.1087966108 0.3187955679 0.6220196182
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0 0.017001467 -0.4459622658 1.7408936146

C 0.085207379 -0.3310114366 -0.6181425922
0 0.1768137333 0.4297023066 -1.7360770797
C 0.1337786547 -0.3996490935 -2.7968978202
C 0.0119782477 -1.7251837736 -2.364972896
C -0.0190315118 -1.6814533992 -0.9744302745
C 0.2129224945 0.1602668777 -4.0897409201
C 0.3332663457 1.4632055213 -4.5490707173
C 0.3610507197 1.3760345135 -5.9568682923
C 0.2566718109 0.0378440301 -6.2562035454
0 0.1675836441 -0.6950629202 -5.1396646798
H -0.0448306056 -2.5968531701 -3.0125014655
H -0.1060607254 -2.5138324726 -0.2799537715
H 0.2998864769 2.4975716291 0.2847705687

H 0.2391827376 2.5805482129 3.0173313469

H 0.3926080353 2.356837298 -3.9322630848

H 0.4470404488 2.1921620832 -6.6704610351
H 0.2343133613 -0.5105611662 -7.195341134

H -0.1993901819 -2.3730471962 3.9370647716
H -0.2534848454 -2.2084002867 6.6752711173
H -0.0393092451 0.494201569 7.2001872216

cofacial

01

O -5.880066 1.480280 0.754940
C -4.868680 1.284355 -0.118001
C -5.358934 0.851664 -1.322011
C -6.772345 0.784042 -1.162978
C -7.028594 1.176494 0.116548
C -3.544952 1.575298 0.341664
C -3.061524 2.115854 1.506484
C -1.655089 2.201422 1.346739
C -1.383146 1.700436 0.098566
O -2.528680 1.325142 -0.511532
C -0.169723 1.499004 -0.625595
0 0.984269 1.837790 -0.009583
C 1.994920 1.562263 -0.863996
C 1.498325 1.046160 -2.033445
C 0.090034 1.003011 -1.878396
C 3.324168 1.854222 -0.422768
C 3.820790 2.441329 0.711971
C 5.234825 2.471196 0.545504
C 5.484750 1.901011 -0.665831
0 4.333226 1.526794 -1.257170
H 2.091787 0.730392 -2.886043
H -0.654393 0.648617 -2.585264
H -0.919648 2.574727 2.053348
H -3.660667 2.416942 2.361156
H 3.232555 2.806175 1.549038
H 5.976171 2.851550 1.243426
H 6.397099 1.681298 -1.211510
H -4.766999 0.607691 -2.198901
H -7.506660 0.478616 -1.904268
H -7.941381 1.291161 0.694024
O -4.371769 -1.644297 1.047445
C -3.323301 -1.897428 0.235527
C -3.758862 -2.454985 -0.938558
C -5.175333 -2.546369 -0.822134
C -5.487107 -2.037612 0.402338
C -2.020015 -1.584684 0.736096
C -1.581790 -1.080816 1.933625

0 0.0168109034 -0.4414461711 1.7612729634
C 0.084808814 -0.3350375648 -0.6172078782
0 0.1768708451 0.4251977785 -1.7564593263
C 0.1324858169 -0.4260379509 -2.8334840455
C 0.0113554537 -1.7356669732 -2.3767074063
C -0.0193635308 -1.6857425615 -0.9768862327
C 0.2122329588 0.1420543534 -4.1252342448
C 0.3328097459 1.4518986496 -4.5740143093
C 0.3622706898 1.3794384192 -5.9955274729
C 0.2603905245 0.0583046312 -6.3261370289
0 0.1689102107 -0.7002624953 -5.1989220985
H -0.0463671091 -2.6152240351 -3.0145112746
H -0.1061265678 -2.5127789318 -0.276773402
H 0.2997662151 2.4965340671 0.2815859927
H 0.2405922146 2.5989301101 3.0193384174
H 0.3903795209 2.3324815382 -3.9407455842
H 0.4489728449 2.2098751482 -6.6948806618
H 0.2388929867 -0.4813638381 -7.2686319708
H -0.197910242 -2.3486283281 3.9455290842
H -0.255688312 -2.2260902549 6.6996844257
H -0.0432664733 0.4649524777 7.273493947

antifacial

01

0 -5.199146 1.556965 0.261278
C -4.075533 1.563269 -0.485731
C -4.393197 1.539268 -1.818865
C -5.816004 1.519722 -1.877877
C -6.246987 1.531258 -0.585002
C -2.827054 1.582996 0.211534
C -2.502167 1.578837 1.544357
C -1.085217 1.588382 1.603937
C -0.649884 1.598401 0.301814
O -1.705462 1.595465 -0.540800
C 0.650191 1.602265 -0.287252
0 1.705783 1.586959 0.555136
C 2.827355 1.585346 -0.197269
C 2.502428 1.600152 -1.530031
C 1.085468 1.610483 -1.589428
C 4.075894 1.556248 0.499510
C 4.393831 1.510586 1.832006
C 5.816676 1.493562 1.890523
C 6.247460 1.527679 0.597977
0 5.199427 1.565181 -0.247651
H 3.211849 1.593600 -2.352332
H 0.448647 1.619107 -2.469236
H -0.448379 1.583751 2.483763
H -3.211622 1.559808 2.366402
H 3.683726 1.490283 2.653500
H 6.441664 1.459790 2.779467
H 7.231103 1.529050 0.138294
H -3.683027 1.534400 -2.640571
H -6.440874 1.499466 -2.767323
H -7.230704 1.522902 -0.125561
0 5.199019 -1.564903 0.247673
C 4.075503 -1.556489 -0.499510
C 4.393455 -1.511468 -1.832024
C 5.816300 -1.494293 -1.890523
C 6.247063 -1.527726 -0.597951
C 2.826962 -1.585411 0.197266
C 2.502031 -1.600028 1.530028
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C -0.168321 -1.021127 1.842092
C 0.152512 -1.492537 0.594009
0 -0.969484 -1.834530 -0.077501
C 1.399395 -1.676304 -0.076454
0 2.513387 -1.292710 0.585015
C 3.569558 -1.535397 -0.221233
C 3.143263 -2.076459 -1.407664
C 1.731780 -2.172248 -1.311998
C 4.867579 -1.232555 0.299929
C 5.293139 -0.794206 1.526353
C 6.712144 -0.718046 1.440414
C 7.035786 -1.109706 0.176012
0 5.923620 -1.422930 -0.519761
H 3.782645 -2.370233 -2.235246
H 1.031260 -2.543856 -2.054067
H 0.538979 -0.663726 2.584678
H -2.215769 -0.785043 2.763901
H 4.655005 -0.556812 2.372153
H 7.405945 -0.407539 2.217767
H 7.977700 -1.218569 -0.353844
H -3.128907 -2.762904 -1.768178
H -5.877037 -2.930685 -1.558026
H -6.425193 -1.875811 0.924196

BTTT

01

S -0.0975791039 1.2666649537 -4.7023415741
C -0.0150678272 -0.1737545585 -3.7394170861
C 0.0355731764 -1.2928067189 -4.5464032147
C 0.0175126856 -0.9803180513 -5.9301992024
C -0.0450842397 0.3686721517 -6.1645850729
C -0.0118360464 -0.0990184552 -2.2961922209
C 0.25132971 0.9947923719 -1.496641349

C 0.1610113325 0.6679561099 -0.1232427329
C -0.1653806197 -0.6675756865 0.1232240324
S -0.3826162115 -1.5298682042 -1.3576883597
C -0.2556990051 -0.9944119487 1.4966226489
C 0.0074668138 0.0993988617 2.2961735216

S 0.3782469288 1.5302486258 1.3576696593
C 0.0106986008 0.1741349448 3.7393983867
S 0.0932097335 -1.2662845978 4.7023228406
C 0.040716358 -0.3682917579 6.1645663708

C -0.0218818021 0.9806983929 5.9301805231
C -0.0399429111 1.2931870622 4.5463845427
H -0.5187707755 -1.9739135097 1.8963830258
H 0.5144014283 1.9742939487 -1.8964017223
H -0.0610339585 1.7261240015 6.7251244239
H -0.1068437662 2.3061449735 4.1463647126
H 0.1024735336 -2.3057646527 -4.1463833585
H 0.0566648826 -1.7257436766 -6.7251430856
H 0.0619043307 -0.8862279283 7.1222127276
H -0.0662712476 0.8866083481 -7.1222314368

12

S 0.1249070181 1.275124015 -4.6592460285

C 0.0127611187 -0.1737267101 -3.698845194
C -0.0629607432 -1.3037774554 -4.5201888002
C -0.0298405659 -0.9876093069 -5.8847505992
C 0.0703923648 0.3750706819 -6.1043089558
C 0.0059426097 -0.1211147349 -2.2831215631
C 0.0829800273 1.0277012676 -1.472340158

C 1.085070 -1.610259 1.589422
C 0.649799 -1.602208 0.287243
0 1.705394 -1.587064 -0.555145
C -0.650274 -1.598310 -0.301826
0 -1.705853 -1.595270 0.540788
C -2.827444 -1.582794 -0.211550
C -2.502554 -1.578705 -1.544373
C -1.085605 -1.588340 -1.603950
C -4.075922 -1.563024 0.485722
C -4.393555 -1.538884 1.818861
C -5.816364 -1.519525 1.877902
C -6.247373 -1.531264 0.585038
0 -5.199550 -1.557030 -0.261266
H -3.212000 -1.559674 -2.366425
H -0.448771 -1.583782 -2.483779
H 0.448247 -1.618726 2.469230
H 3.211456 -1.593389 2.352323
H -3.683368 -1.533800 2.640550
H -6.441217 -1.499193 2.767359
H-7.231101 -1.523148 0.125614
H 3.683359 -1.491686 -2.653540
H 6.441305 -1.460898 -2.779469
H 7.230688 -1.528643 -0.138234

-12

S 0.1242860769 1.2718306194 -4.7176747986
C 0.012379443 -0.1807562611 -3.737029489

C -0.0623531326 -1.3017027041 -4.5720921277
C -0.0292036214 -0.9805634369 -5.9478884536
C 0.0696656718 0.3669082217 -6.1990042668
C 0.0071600412 -0.1081366224 -2.3230445199
C 0.0825070613 1.0213781152 -1.4893525438



C 0.0493644089 0.6998715349 -0.1265952058
C -0.0537335969 -0.699491147 0.1265765036
S -0.1083073077 -1.5998501778 -1.3465771339
C -0.0873492153 -1.0273208798 1.4723214558
C -0.0103117978 0.1214951227 2.2831028609
S 0.1039381196 1.6002305657 1.3465584317
C -0.0171303067 0.174107098 3.6988264917

S -0.1292762061 -1.2747436272 4.6592273263
C -0.0747615528 -0.3746902941 6.1042902536
C 0.0254713779 0.9879896948 5.884731897

C 0.0585915552 1.3041578433 4.520170098

H -0.1634587987 -2.0364425054 1.8783913086
H 0.1590896107 2.0368228932 -1.8784100108
H 0.0725540835 1.7209897282 6.6900434102

H 0.1351699779 2.3204143513 4.1290629369

H -0.1395391659 -2.3200339634 -4.1290816391
H -0.0769232715 -1.7206093403 -6.6900621124
H -0.1192944457 -0.8906260049 7.0640011675
H 0.1149252576 0.8910063927 -7.0640198697

cofacial

01

S -5.193913 -0.828314 1.420179
C -4.273735 -1.580324 0.163589
C -5.107354 -2.061482 -0.824543
C -6.477722 -1.816154 -0.561636
C -6.674581 -1.152340 0.620275
C -2.835225 -1.637416 0.235792
C -2.004646 -1.048336 1.163681
C -0.648630 -1.341298 0.905989
C -0.443169 -2.139434 -0.217046
S -1.943529 -2.547566 -0.961563
C 0.914855 -2.408806 -0.490152
C 1.744284 -1.816747 0.439726
S 0.851342 -0.928050 1.646982
C 3.183695 -1.864545 0.510018
S 4.099438 -2.827410 -0.601999
C 5.583547 -2.374533 0.129166
C 5.390563 -1.519877 1.180666
C 4.022528 -1.226345 1.398018
H 1.284006 -3.007129 -1.322869
H -2.370321 -0.419759 1.974884
H 6.204389 -1.093985 1.766470
H 3.657519 -0.552167 2.173247
H -4.735043 -2.569394 -1.715247
H -7.290317 -2.117549 -1.223226
H 6.523276 -2.756648 -0.265514
H -7.614997 -0.832351 1.065459
S -4.099851 2.828131 0.599196
C -3.183655 1.863969 -0.511317
C -4.022116 1.224718 -1.398909
C -5.390243 1.518419 -1.182403
C -5.583664 2.374269 -0.131952
C -1.744266 1.816337 -0.440460
C -0.915253 2.408511 0.489712
C 0.442902 2.139252 0.217136

C 0.648869 1.341099 -0.905798
S -0.850780 0.927685 -1.647347
C 2.005010 1.048269 -1.162977
C 2.835169 1.637418 -0.234755
S 1.942939 2.547572 0.962194

C 0.048784463 0.6926366471 -0.1353664626

C -0.0531536511 -0.6922562592 0.1353477604
S -0.1071004416 -1.5917196714 -1.3574577255
C -0.0868762494 -1.0209977274 1.4893338416
C -0.0115292293 0.1085170103 2.3230258177
S 0.1027312536 1.5921000593 1.3574390233

C -0.016748631 0.181136649 3.7370107868

S -0.128655265 -1.2714502315 4.7176560964
C -0.0740348599 -0.3665278338 6.1989855646
C 0.0248344333 0.9809438247 5.9478697514
C 0.0579839446 1.302083092 4.5720734255

H -0.1628621447 -2.0335420532 1.8880474148
H 0.1584929566 2.0339224411 -1.888066117

H 0.073089201 1.7291223284 6.7425644532

H 0.1339678344 2.3162077095 4.1773057892

H -0.1383370224 -2.3158273216 -4.1773244914
H -0.0774583891 -1.7287419405 -6.7425831554
H -0.1185767401 -0.8805869128 7.1571759854
H 0.1142075521 0.8809673006 -7.1571946876

antifacial

01

S -3.842909 -1.926534 1.602967
C -2.986553 -1.917499 0.096901
C -3.867213 -2.021728 -0.957732
C -5.220579 -2.106467 -0.547446
C -5.358978 -2.071281 0.813114
C -1.550310 -1.806366 0.063083
C -0.679013 -1.716716 1.126991
C 0.659795 -1.611486 0.694894
C 0.812230 -1.626553 -0.689072
S-0.716122 -1.771962 -1.472561
C 2.151567 -1.519737 -1.120530
C 3.022028 -1.423307 -0.056901
S 2.188554 -1.458722 1.478729
C 4.459385 -1.313100 -0.089939
S 5.311735 -1.216201 -1.594578
C 6.832227 -1.138417 -0.805810
C 6.697347 -1.182884 0.556070
C 5.344947 -1.284294 0.965894
H 2.480105 -1.513306 -2.159390
H -1.009721 -1.718184 2.164989
H 7.542665 -1.148621 1.243791
H 5.021630 -1.332472 2.006191
H -3.541100 -2.029054 -1.998462
H -6.064411 -2.179650 -1.232841
H 7.747135 -1.066726 -1.391460
H -6.275991 -2.106746 1.397931
S 3.843189 1.934058 1.594359
C 2.986449 1.919028 0.088581
C 3.866951 2.017799 -0.966735
C 5.220442 2.103786 -0.557148
C 5.359122 2.074814 0.803542
C 1.550156 1.808081 0.055515
C 0.677985 1.732671 1.119889
C -0.660382 1.621013 0.688096
C -0.811634 1.617551 -0.696092
S 0.717249 1.753029 -1.480133
C -2.150505 1.503981 -1.127263
C -3.021989 1.422072 -0.063283
S -2.189893 1.478521 1.472522
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C 4.273654 1.580439 -0.161961
S 5.194520 0.830281 -1.419151
C 6.674782 1.153558 -0.618194
C 6.477282 1.815787 0.564502
C 5.106755 2.060499 0.827140
H 2.371058 0.419626 -1.973959
H -1.284785 3.006764 1.322310
H 7.289550 2.116575 1.226771
H 4.733947 2.567037 1.718417
H -3.656781 0.549565 -2.173133
H -6.203840 1.091658 -1.767891
H 7.615446 0.834229 -1.063329
H -6.523560 2.756809 0.261915

BTTT(O)

C -4.459335 1.311629 -0.096094
S -5.311654 1.209037 -1.600375
C -6.832144 1.133904 -0.811365
C -6.697357 1.184050 0.550328
C -5.344987 1.287165 0.959787
H -2.477982 1.482269 -2.166253
H 1.007848 1.748578 2.158049

H -7.542709 1.152562 1.238141

H -5.021715 1.338805 1.999928
H 3.540535 2.020694 -2.007386
H 6.064186 2.173527 -1.243018
H -7.747007 1.059692 -1.396770
H 6.276241 2.112766 1.388043

01

Cco.
Cco.
Cco.
Cco.
oo.
Cco.
Cco.
oo.
HO.
Cco.
HO.
Cco.
oo.
Cco.
Cco.
Cco.
Cco.
Cco.
Cco.
oo.
HO.
HO.
HO.
HO.
HO.
HO.

12

Cco.
Cco.
Cco.
Cco.
oo.
Cco.
Cco.
oo.
HO.
Cco.
HO.
Cco.
oo.
Cco.
Cco.
Cco.
Cco.

0.6862480928 0.0387330067
-0.6862480928 -0.0387330067
-1.2046878715 1.2762854938
-0.0687058197 2.0669348433
1.0820938251 1.3235795424
1.2046878715 -1.2762854938
0.0687058197 -2.0669348433
-1.0820938251 -1.3235795424
-2.2285126981 1.6377407285
0.0932725002 3.4908314613
2.2285126981 -1.6377407285
-0.0932725002 -3.4908314613
-1.0316307885 4.2414208268
-0.6558198331 5.5382530336
0.7045387376 5.6386711173
1.2013874351 4.3017953798
-1.2013874351 -4.3017953798
-0.7045387376 -5.6386711173
0.6558198331 -5.5382530336
1.0316307885 -4.2414208268
1.2845529227 6.558642153
2.2354572787 3.9680142768
-2.2354572787 -3.9680142768
-1.2845529227 -6.558642153
-1.4598406352 6.2688177312
1.4598406352 -6.2688177312

0.7014779714 0.0336441052
-0.7014779714 -0.033644 1052
-1.209094339 1.2535349765
-0.0485605556 2.0556603778
1.0999086965 1.3103695378
1.209094339 -1.2535349765
0.0485605556 -2.0556603778
-1.0999086965 -1.3103695378
-2.2317704147 1.6213915194
0.0941743644 3.4537042529
2.2317704147 -1.6213915194
-0.0941743644 -3.4537042529
-1.0358461493 4.2016303357
-0.662173643 5.4863314328
0.710693328 5.5998486854
1.2101337036 4.2838948809
-1.2101337036 -4.2838948809

-12

Cco.
Cco.
Cco.
Cco.
oo.
Cco.
Cco.
oo.
HO.
Cco.
HO.
Cco.
oo.
Cco.
Cco.
Cco.
Cco.

0.6955453488 0.0355451896
-0.6955453488 -0.0355451896
-1.2100523586 1.2597996188
-0.0655215646 2.09209653
1.0996055929 1.3231629366
1.2100523586 -1.2597996188
0.0655215646 -2.09209653
-1.0996055929 -1.3231629366
-2.2369251612 1.6134913056
0.0899898435 3.4892286552
2.2369251612 -1.6134913056
-0.0899898435 -3.4892286552
-1.0420815165 4.2581358368
-0.6563025575 5.5677548008
0.707839631 5.6533837334
1.2096016091 4.3233376235
-1.2096016091 -4.3233376235
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C 0.-0.710693328 -5.5998486854
C 0. 0.662173643 -5.4863314328
0 0. 1.0358461493 -4.2016303357
H 0. 1.2810411173 6.5259523781
H 0.2.2481117847 3.9585467681
H 0.-2.2481117847 -3.9585467681
H0.-1.2810411173 -6.5259523781
H 0. -1.4643722196 6.2213923653
H 0. 1.4643722196 -6.2213923653

cofacial

01

C 1.049011 1.592523 -0.618609
C 0.953824 1.487904 0.745796
C 2.249614 1.289645 1.265477
C 3.046719 1.295194 0.137574
0 2.326915 1.477001 -1.010288
C -0.247625 1.781932 -1.140170
C -1.045290 1.775014 -0.012906
0 -0.325843 1.597763 1.136059
H 2.597538 1.152685 2.284103
C 4.460361 1.150882 -0.019696
H -0.597105 1.900400 -2.160519
C -2.460484 1.909985 0.135716
0 5.182029 0.887983 1.089583
C 6.472201 0.771697 0.714230
C 6.595920 0.966204 -0.629246
C 5.281292 1.216907 -1.115430
C -3.282940 1.918270 1.231928
C -4.602416 2.089165 0.724374
C -4.479643 2.169136 -0.629613
O -3.185261 2.062174 -0.993515
H 7.519201 0.938180 -1.202939
H 4.964646 1.414185 -2.135338
H -2.966790 1.804489 2.264550
H -5.529258 2.128964 1.290103
H 7.184623 0.562896 1.506972

H -5.195982 2.286427 -1.436738
C -0.953917 -1.487987 -0.745813
C -1.048937 -1.592552 0.618607
C 0.247765 -1.781919 1.140014
C 1.045289 -1.775070 0.012648
0 0.325694 -1.597924 -1.136239
C -2.249768 -1.289746 -1.265354
C -3.046740 -1.295275 -0.137353
0 -2.326796 -1.477031 1.010430
H 0.597383 -1.900282 2.160327
C 2.460475 -1.909972 -0.136123
H -2.597751 -1.152705 -2.283949
C -4.460345 -1.150833 0.020106
0 3.185349 -2.062472 0.993011
C 4.479706 -2.169264 0.628974
C 4.602368 -2.088911 -0.725000
C 3.282849 -1.917900 -1.232399
C -5.281099 -1.216540 1.115993
C -6.595803 -0.965954 0.629954
C -6.472299 -0.771819 -0.713597
0 -5.182190 -0.888240 -1.089127
H 5.529177 -2.128470 -1.290800
H 2.966612 -1.803829 -2.264965
H -4.964292 -1.413561 2.135901

C 0.-0.707839631 -5.6533837334
C 0. 0.6563025575 -5.5677548008
0 0. 1.0420815165 -4.2581358368
H 0. 1.2900501908 6.5743025455
H 0. 2.2439655566 3.9918969509
H 0. -2.2439655566 -3.9918969509
H 0. -1.2900501908 -6.5743025455
H 0. -1.456780522 6.3019487281

H 0. 1.456780522 -6.3019487281

antifacial

01

C -0.611217 1.564134 -0.692578
C -0.664884 1.575233 0.677862
C 0.651401 1.691199 1.171284
C 1.415847 1.744962 0.022268
0O 0.659090 1.668845 -1.113792
C -1.927393 1.451567 -1.185874
C -2.692508 1.400051 -0.037493
0O -1.934827 1.474096 1.098702
H 1.035105 1.726255 2.185648
C 2.829126 1.861953 -0.158803
H -2.307830 1.401262 -2.200818
C -4.107810 1.308918 0.150263
O 3.586921 1.929919 0.956528
C 4.873290 2.019421 0.564841

C 4.959157 2.017420 -0.794645
C 3.622647 1.915139 -1.274846
C -4.891382 1.280490 1.275368
C -6.235721 1.219904 0.809491
C -6.163585 1.211450 -0.551393
O -4.879466 1.268165 -0.955892
H 5.871064 2.074085 -1.383125
H 3.276496 1.874190 -2.303424
H -4.531490 1.302834 2.299810
H-7.142616 1.186055 1.408314
H 5.613735 2.066481 1.357080

H -6.911540 1.171502 -1.337748
C 0.611459 -1.568935 -0.688770
C 0.664681 -1.571110 0.681709
C -0.651791 -1.683950 1.175441
C -1.415839 -1.745315 0.026547
O -0.658696 -1.676473 -1.109727
C 1.927811 -1.459740 -1.182396
C 2.692545 -1.400736 -0.034138
0O 1.934521 -1.467339 1.102274
H -1.035811 -1.712391 2.189896
C -2.829051 -1.863334 -0.154365
H 2.308567 -1.416131 -2.197534
C 4.107766 -1.307970 0.153391
O -3.587411 -1.922842 0.961045
C -4.873668 -2.014312 0.569402
C -4.958870 -2.022010 -0.790097
C -3.622043 -1.924085 -1.270400
C 4.891067 -1.272222 1.278466
C 6.235505 -1.214351 0.812521
C 6.163696 -1.214520 -0.548387
0O 4.879659 -1.274029 -0.952827
H -5.870546 -2.082328 -1.378579
H -3.275375 -1.890809 -2.299085
H 4.530938 -1.288252 2.302940
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H -7.518990 -0.937742 1.203790
H 5.196124 -2.286704 1.436005
H -7.184853 -0.563261 -1.506285

TTT

01

C 0.0095959465 -0.2191810691 8.3181854654
S 0.0595502388 1.3094904935 7.5060288586
C 0.0160400696 0.5316461299 5.963977322

C -0.0343237089 -0.8557423935 6.1117982045
C -0.0377641519 -1.2895461137 7.4644411995
S -0.0842566435 -1.6372289609 4.5723995857
C -0.0127270616 -0.0976400396 3.7399495989
C 0.0307361384 0.9672650515 4.6164301759

C -0.0107942947 -0.0645245402 2.2971405962
C 0.2609726646 -1.0972845301 1.4211749998
C 0.1681206555 -0.6738133955 0.0754751904
C -0.1692615092 0.673713402 -0.0754773161

S -0.3951991717 1.426556522 1.4627938827

C -0.2621135194 1.097184537 -1.4211771254
C 0.0096534327 0.0644245447 -2.2971427209
S 0.3940583203 -1.4266565145 -1.4627960085
C 0.0115861912 0.0975400397 -3.7399517244
S 0.0831159684 1.63712895 -4.5724017133

C 0.0331829193 0.8556423869 -6.1118003305
C -0.0171810402 -0.5317461299 -5.9639794454
C -0.0318771585 -0.9673650476 -4.6164322982
S -0.0606913224 -1.3095904901 -7.5060309806
C -0.0107368399 0.2190810651 -8.3181875903
C 0.0366234093 1.2894461045 -7.4644433264
H -0.5345271644 2.1003042726 -1.7497603029
H 0.5333863036 -2.1004042683 1.7497581747
H -0.0925587318 -2.0056932661 -4.2897259651
H 0.0914175708 2.0055932798 4.2897238473
H 0.0725823478 2.3270417044 -7.7950300645
H -0.0737229574 -2.3271417189 7.7950279359
H -0.0185042891 0.2434450401 -9.4071825066
H 0.0173633877 -0.2435450458 9.4071803818

12

C -0.0009173399 -0.2086885308 8.2574850551
S -0.0894930609 1.3212929247 7.4656117893
C -0.0412410081 0.543763222 5.9208212396
C 0.0410071153 -0.858667919 6.0646630104

C 0.0640305264 -1.2895868067 7.4074732825
S 0.089875706 -1.6480268613 4.5358004828
C 0.0002222557 -0.1044464017 3.702611721

C -0.064541275 0.974260734 4.593143647

C -0.0010258652 -0.0493970522 2.2884647749
C 0.0634784597 -1.1334139382 1.3956755427
C 0.0405462286 -0.7063271238 0.0754914465
C -0.0416871006 0.7062271239 -0.0754935716
S -0.0902336581 1.4960491375 1.4591410815
C -0.0646193317 1.1333139383 -1.3956776678
C -0.0001150068 0.0492970523 -2.2884669

S 0.089092786 -1.4961491374 -1.4591432065
C -0.0013631278 0.1043464018 -3.702613846
S -0.0910165781 1.6479268614 -4.5358026078
C -0.0421479873 0.8585679191 -6.0646651355
C 0.0401001361 -0.5438632219 -5.9208233647
C 0.063400403 -0.9743607339 -4.5931457721

H 7.142239 -1.176435 1.411340
H -5.614512 -2.055178 1.361601
H 6.911820 -1.179369 -1.334815

-12

C 0.0002336482 -0.2224335952 8.3545282599
S -0.0882081274 1.3085771407 7.5276534564
C -0.0406062141 0.5326640169 5.9763081695
C 0.0404464696 -0.8566157719 6.1344499391
C 0.0636123044 -1.2841605296 7.4825158546
S 0.0886559698 -1.6411438344 4.5821521917
C -0.0008690134 -0.0892425463 3.7343202133
C -0.0645848621 0.9768481896 4.6400462483
C -0.0007569973 -0.0565289202 2.3212184806
C 0.0630893696 -1.1262152622 1.4117471735
C 0.0402370668 -0.7009403907 0.0849604424
C -0.0413779389 0.7008403908 -0.0849625674
S -0.0900027429 1.4922425917 1.4654923402
C -0.0642302416 1.1261152623 -1.4117492985
C -0.0003838748 0.0564289203 -2.3212206057
S 0.0888618709 -1.4923425916 -1.4654944653
C -0.0002718586 0.0891425463 -3.7343223384
S -0.0897968419 1.6410438345 -4.5821543167
C -0.0415873417 0.856515772 -6.1344520642
C 0.0394653421 -0.5327640168 -5.9763102946
C 0.06344399 -0.9769481895 -4.6400483733

S32



S 0.0883521888 -1.3213929246 -7.4656139143
C -0.0002235321 0.2085885309 -8.2574871802
C -0.0651713985 1.2894868068 -7.4074754075
H -0.1246961536 2.1710797714 -1.7247333288
H 0.1235552815 -2.1711797713 1.7247312037
H 0.1241043855 -2.0144950072 -4.2697062813
H -0.1252452575 2.0143950073 4.2697041562
H -0.1254081603 2.3231822069 -7.7455797185
H 0.1242672883 -2.3232822068 7.7455775934
H -0.0001763361 0.2389373578 -9.3476694774
H -0.0009645359 -0.2390373577 9.3476673523

cofacial

01

C -9.095926 -1.319398 -0.044085
S -8.273482 -0.760240 -1.458630
C -6.741611 -1.128687 -0.758485
C -6.899722 -1.670670 0.514126
C -8.250421 -1.778427 0.930386
S -5.370808 -2.047770 1.215229
C -4.527353 -1.474184 -0.205895
C -5.394685 -1.008852 -1.169575
C -3.089811 -1.532835 -0.254495
C -2.229962 -1.992080 0.721667
C -0.884095 -1.897165 0.312166
C -0.713266 -1.361470 -0.962424
S -2.236656 -0.982050 -1.675822
C 0.634159 -1.255124 -1.365307
C 1.493596 -1.723566 -0.393707
S 0.636974 -2.282944 1.024937
C 2.930576 -1.791377 -0.432656
S 3.796802 -1.233874 -1.843873
C 5.313671 -1.615344 -1.118605
C 5.133123 -2.158105 0.150396
C 3.780808 -2.257071 0.547191
S 6.652114 -2.533158 0.875862
C 7.500435 -1.958963 -0.518680
C 6.672796 -1.494754 -1.503726
H 0.975869 -0.854838 -2.319133
H -2.570389 -2.374278 1.683609
H 3.431570 -2.644744 1.503866
H -5.062162 -0.599408 -2.122729
H 7.028071 -1.081777 -2.446464
H -8.587103 -2.175183 1.887522
H 8.588593 -1.977504 -0.526631
H-10.184212 -1.289397 -0.012048
C -7.500434 1.958948 0.518745
S -6.652121 2.533190 -0.875782
C -5.133126 2.158117 -0.150338
C -5.313666 1.615314 1.118646
C -6.672788 1.494708 1.503771
S -3.796792 1.233821 1.843893
C -2.930575 1.791372 0.432689
C -3.780813 2.257098 -0.547137
C -1.493594 1.723563 0.393730
C -0.634150 1.255124 1.365324
C 0.713272 1.361469 0.962429
C 0.884090 1.897164 -0.312163
S -0.636985 2.282939 -1.024923
C 2.229953 1.992078 -0.721676
C 3.089811 1.532833 0.254479

S 0.0870672554 -1.3086771406 -7.5276555815
C -0.0013745202 0.2223335953 -8.354530385

C -0.0647531765 1.2840605297 -7.4825179797
H -0.1243793054 2.1655094711 -1.7367914988
H 0.1232384333 -2.165609471 1.7367893737

H 0.1237158704 -2.0166416627 -4.3196558418
H -0.1248567425 2.0165416628 4.3196537167
H -0.1251314421 2.323789147 -7.8066848069

H 0.1239905701 -2.3238891469 7.8066826818
H -0.0011914789 0.2482554935 -9.4426774209
H 0.0000506069 -0.2483554934 9.4426752959

antifacial

01

C -8.942735 -1.306338 -0.251022
S -8.041664 -1.326568 -1.728228
C -6.552594 -1.407314 -0.860581
C -6.782331 -1.418764 0.512485
C -8.153805 -1.360063 0.865994
S -5.296802 -1.497500 1.382342
C -4.375920 -1.506908 -0.102989
C -5.186914 -1.459597 -1.216077
C -2.937994 -1.555357 -0.059625
C -2.121408 -1.599652 1.050483
C -0.758647 -1.649418 0.691461
C -0.532130 -1.639210 -0.682831
S -2.022241 -1.567721 -1.548843
C 0.830551 -1.688276 -1.041840
C 1.646240 -1.738099 0.068894
S 0.729856 -1.725256 1.557809
C 3.083634 -1.795395 0.109783
S 3.998573 -1.815683 -1.379747
C 5.489565 -1.878013 -0.514781
C 5.264737 -1.890063 0.858517
C 3.899480 -1.841405 1.218987
S 6.757180 -1.948925 1.720775
C 7.653018 -1.955353 0.240549
C 6.861192 -1.912717 -0.873644
H 1.214921 -1.681619 -2.061019
H -2.503589 -1.593074 2.070798
H 3.517752 -1.834554 2.239606
H -4.799698 -1.450703 -2.234301
H 7.250698 -1.894293 -1.890140
H -8.542066 -1.353350 1.883599
H 8.740668 -1.973293 0.275246
H -10.030110 -1.259934 -0.289750
C 8.942746 1.306011 -0.251723
S 8.041723 1.322505 -1.729000
C 6.552620 1.405116 -0.861600
C 6.782307 1.420059 0.511439
C 8.153781 1.362448 0.865140
S 5.296744 1.500993 1.381051

C 4.375894 1.506361 -0.104341
C 5.186932 1.456265 -1.217265
C 2.937973 1.555122 -0.061133
C 2.121323 1.599342 1.048926
C 0.758602 1.649458 0.689836
C 0.532153 1.639644 -0.684474
S 2.022323 1.568295 -1.550413
C -0.830503 1.688983 -1.043533
C -1.646234 1.738528 0.067193

S33



S 2.236668 0.982048 1.675813
C 4.527352 1.474186 0.205865
S 5.370788 2.047744 -1.215281
C 6.899712 1.670668 -0.514186
C 6.741618 1.128713 0.758439
C 5.394697 1.008880 1.169546
S 8.273498 0.760290 1.458576
C 9.095924 1.319420 0.044009
C 8.250407 1.778423 -0.930462
H 2.570372 2.374277 -1.683620
H -0.975851 0.854843 2.319154
H 5.062187 0.599457 2.122713

H -3.431581 2.644805 -1.503800

H 8.587076 2.175161 -1.887610
H -7.028056 1.081700 2.446497

H 10.184209 1.289424 0.011962

H -8.588592 1.977485 0.526702

PTA

01

S0.
Cco.
Cco.
Cco.
Cco.
Cco.
Cco.
S0.
S0.
Cco.
Cco.
S0.
Cco.
Cco.
S0.
Cco.
Cco.
HO.
HO.
HO.
HO.

12
S0.
Cco.
Cco.
Cco.
Cco.
Cco.
Cco.
S0.
S0.
Cco.
Cco.
S0.
Cco.
Cco.
S0.
Cco.
Cco.
H 0.

-1.7516316716 0.
-0.5255853935 -1.2315146278
0.7705109128 -0.7086926247
0.7705109128 0.7086926247
-0.5255853935 1.2315146278
-0.5231837532 -2.6496249528
0.7701417927 -3.1775732372
1.9968699515 -1.9406003512
1.9968699515 1.9406003512
0.7701417927 3.1775732372
-0.5231837532 2.6496249528
-1.7043278778 -3.9052980102
-0.4661660455 -5.116468542
0.801404576 -4.5977559456
-1.7043278778 3.9052980102
-0.4661660455 5.116468542
0.801404576 4.5977559456
-0.7515823684 -6.1674823622
1.7046640411 -5.2072449323
-0.7515823684 6.1674823622
1.7046640411 5.2072449323

-1.7738841601 0.
-0.5374671435 -1.2238690143
0.7904835519 -0.6934050032
0.7904835519 0.6934050032
-0.5374671435 1.2238690143
-0.5357183907 -2.6141491488
0.7806140001 -3.1466700342
2.0201067419 -1.9233451259
2.0201067419 1.9233451259
0.7806140001 3.1466700342
-0.5357183907 2.6141491488
-1.7218581687 -3.8725401067
-0.4748421221 -5.0601134627
0.8100764968 -4.5490804731
-1.7218581687 3.8725401067
-0.4748421221 5.0601134627
0.8100764968 4.5490804731
-0.753766342 -6.1150032591

S -0.729919 1.725074 1.556135
C -3.083632 1.795798 0.108140
S -3.998853 1.812386 -1.381252
C -5.489693 1.876626 -0.516154
C -5.264602 1.891911 0.857067
C -3.899279 1.844260 1.217396
S -6.756884 1.952519 1.719484
C -7.653013 1.955434 0.239413
C -6.861403 1.910333 -0.874832
H-1.214810 1.682856 -2.062742
H 2.503426 1.592195 2.069264
H -3.517367 1.839910 2.237961
H 4.799717 1.444486 -2.235457
H-7.251116 1.889482 -1.891199
H 8.542022 1.358448 1.882769
H -8.740656 1.973274 0.274287
H 10.030133 1.259733 -0.290303

-12

S 0.-1.7647529807 0.

C 0.-0.5298423207 -1.2501985454
C 0. 0.7792709327 -0.6959345127
C 0. 0.7792709327 0.6959345127
C 0.-0.5298423207 1.2501985454
C 0. -0.5228559548 -2.646426916
C 0. 0.778307755 -3.20158208

S 0. 2.0125758007 -1.9464780106
S 0. 2.0125758007 1.9464780106
C 0. 0.778307755 3.20158208

C 0. -0.5228559548 2.646426916
S 0.-1.7147292632 -3.9142461015
C 0.-0.472526101 -5.1515505238
C 0. 0.7992225984 -4.6070981792
S 0.-1.7147292632 3.9142461015
C 0.-0.472526101 5.1515505238
C 0. 0.7992225984 4.6070981792
H 0. -0.7569684344 -6.2015881407
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H 0. 1.7062434561 -5.1689309548
H 0. -0.753766342 6.1150032591
H 0. 1.7062434561 5.1689309548

cofacial

01

S 1.215847 -1.464773 -1.704193
C -0.013344 -1.690262 -0.501591
C 0.477756 -1.600985 0.799025
C 1.869129 -1.351202 0.822822
C 2.404749 -1.257143 -0.459758
C -1.406467 -1.934376 -0.524010
C -1.948350 -2.022754 0.755761
S -0.755369 -1.803805 2.001284
S 3.056396 -1.129646 2.067918
C 4.291223 -0.905251 0.865151
C 3.796013 -1.002930 -0.432913
S -2.619817 -2.147050 -1.725253
C -3.833896 -2.357227 -0.510394
C -3.346078 -2.261832 0.763258
S 5.042719 -0.748881 -1.590952
C 6.206688 -0.501069 -0.335077
C 5.677388 -0.614395 0.922303
H -4.867607 -2.514367 -0.812359
H -3.964380 -2.349458 1.655287
H 7.242861 -0.297836 -0.601296
H 6.258759 -0.497316 1.836323
S -1.215876 1.467102 -1.702197
C -2.404722 1.257559 -0.458027
C -1.869002 1.349439 0.824669
C -0.477601 1.599137 0.801192
C 0.013410 1.690563 -0.499309
C -3.796068 1.003753 -0.431510
C -4.291253 0.904243 0.866423
S -3.056282 1.126319 2.069478
S 0.755595 1.800097 2.003693
C 1.948477 2.021206 0.758448
C 1.406507 1.934869 -0.521425
S -5.042910 0.751933 -1.589889
C -6.206925 0.502636 -0.334346
C -5.677529 0.613829 0.923184
S 2.619696 2.149917 -1.722408
C 3.833831 2.358339 -0.507297
C 3.346150 2.260622 0.766231

H -7.243187 0.300216 -0.600836
H -6.258913 0.495569 1.837044
H 4.867467 2.516313 -0.809083
H 3.964511 2.346857 1.658356

PTA(O)
01

0 0. 1.4607547274 0.

C 0. 0.6261429251 1.0667185597
C 0. -0.7220948963 0.7053224439
C 0. -0.7220948963 -0.7053224439
C 0. 0.6261429251 -1.0667185597
C 0. 0.6168977647 2.4792586154
C 0.-0.7181519432 2.839544767
0 0. -1.5570727922 1.7702175869
0 0. -1.5570727922 -1.7702175869
C 0.-0.7181519432 -2.839544767

H 0. 1.7068514776 -5.2132130418
H 0. -0.7569684344 6.2015881407
H 0. 1.7068514776 5.2132130418

antifacial

01

S-0.217382 -2.188254 -1.215923
C -1.440226 -1.722037 -0.077844
C -0.912806 -1.295608 1.139246
C 0.500148 -1.350285 1.152784
C 1.014048 -1.821575 -0.053298
C -2.854455 -1.684296 -0.081702
C -3.375469 -1.234370 1.128780
S -2.135381 -0.839569 2.281843
S 1.737457 -0.980923 2.312890
C 2.960217 -1.465828 1.178139
C 2.426864 -1.886738 -0.037167
S -4.113060 -2.076220 -1.187851
C -5.318773 -1.647165 -0.022345
C -4.792927 -1.211694 1.162567
S 3.670815 -2.364680 -1.126004
C 4.885696 -1.993330 0.047872
C 4.375895 -1.522462 1.226264
H -6.370890 -1.733487 -0.288587
H -5.394708 -0.892256 2.012371
H 5.934012 -2.136473 -0.208537
H 4.987676 -1.226761 2.077081
S 0.217576 2.187962 1.216040
C -1.014005 1.821354 0.053547
C -0.500263 1.350009 -1.152577
C 0.912691 1.295273 -1.139196
C 1.440283 1.721696 0.077825
C -2.426812 1.886744 0.037525
C -2.960328 1.465947 -1.177751
S -1.737722 0.980834 -2.312592
S 2.135099 0.839386 -2.282028
C 3.375357 1.234301 -1.129190
C 2.854524 1.684093 0.081421

S -3.670586 2.364987 1.126426
C -4.885620 1.993999 -0.047407
C -4.375995 1.522963 -1.225811
S 4.113313 2.076217 1.187297
C 5.318843 1.647417 0.021509
C 4.792811 1.211877 -1.163294
H -5.933887 2.137445 0.209038
H -4.987898 1.227434 -2.076601
H 6.371001 1.733938 0.287518
H 5.394454 0.892606 -2.013259



C 0.0.6168977647 -2.4792586154
0 0. 1.3952550459 3.5684929986

C 0. 0.5426935988 4.6362434148

C 0.-0.7761153729 4.2561757956
0O 0. 1.3952550459 -3.5684929986
C 0. 0.5426935988 -4.6362434148
C 0.-0.7761153729 -4.2561757956
H 0. -1.6387283031 4.9167102036
H 0. -1.6387283031 -4.9167102036
H 0.1.0171616095 5.6130713855

H 0.1.0171616095 -5.6130713855

12

0 0. 1.473032909 0.

C 0. 0.6412345745 1.0614754254
C 0.-0.7385520314 0.6885905704
C 0.-0.7385520314 -0.6885905704
C 0. 0.6412345745 -1.0614754254
C 0. 0.6340599396 2.4433193303
C 0.-0.7241791306 2.8118478294
0 0.-1.5652842397 1.7520931263
0 0. -1.5652842397 -1.7520931263
C 0.-0.7241791306 -2.8118478294
C 0. 0.6340599396 -2.4433193303
0 0. 1.4039652523 3.5335897744
C 0. 0.5468696477 4.5860867998
C 0.-0.7854803561 4.2096940446
0 0. 1.4039652523 -3.5335897744
C 0. 0.5468696477 -4.5860867998
C 0.-0.7854803561 -4.2096940446
H 0. -1.6469565867 4.8730329191
H 0. -1.6469565867 -4.8730329191
H 0. 1.014171476 5.5689271399
H0.1.014171476 -5.5689271399

cofacial

01

0 1.028577 -1.411676 1.431312
C 2.025830 -1.271168 0.529774
C 1.589517 -1.368414 -0.788566
C 0.203642 -1.596247 -0.697429
C -0.069391 -1.609808 0.667484
C 3.415850 -1.063869 0.429556
C 3.688519 -1.048393 -0.922601
O 2.585455 -1.230214 -1.690822
O -0.893065 -1.787475 -1.462272
C -1.892951 -1.931792 -0.555694
C -1.458777 -1.828890 0.749770
0 4.530383 -0.851220 1.135942
C 5.526091 -0.696141 0.216298
C 5.074497 -0.808715 -1.073390
0 -2.483023 -1.962164 1.597375
C -3.584606 -2.160673 0.816663
C -3.289981 -2.152526 -0.521637
H 5.672945 -0.729527 -1.976531
H -3.995666 -2.275715 -1.337338
H 6.517828 -0.527977 0.624740
H -4.520975 -2.281089 1.351365
0 -1.028140 1.406870 1.433673
C 0.069497 1.608128 0.670188
C -0.203976 1.599342 -0.694673

-12

C 0.1026454467 -0.7617323912 -4.2459877608
C 0.0742983995 -0.7180361629 -2.8464396366
C -0.0212558177 0.6265880265 -2.4593734976
0 -0.0938193326 1.4177600346 -3.5517050586
C -0.006490533 0.5669666204 -4.6507315189
C 0.2206566886 0.6531915403 -1.084785179
C 0.3344938636 -0.710880867 -0.6990216542
0 0.2767226633 -1.5570849332 -1.7774169842
0 0.1184244007 1.4884440991 0.0022201728
C 0.1350471069 0.6379831556 1.0820569943
C 0.2134780406 -0.7252121524 0.6847999355
0 0.3891860892 -1.5640308939 1.7562926118
C 0.4711134006 -0.7139828154 2.8324842671
C 0.3769446343 0.63394148 2.4568839704

C 0.4505729004 -0.7729780919 4.2316359898
C 0.3729018023 0.5544198726 4.6474762835
0 0.3387786452 1.4182129666 3.5558738438
H 0.5061077028 -1.6426867761 4.8833434385
H 0.170031005 -1.6249750877 -4.9051305311
H 0.5202055791 1.028101934 5.6135905139

H -0.2229766854 1.0228464421 -5.6124532005

antifacial

01

0O 0.522457 -1.485719 1.460889
C 1.585101 -1.420049 0.626150
C 1.229580 -1.505649 -0.716765
C -0.171414 -1.636164 -0.716163
C -0.533397 -1.623241 0.627824
C 2.988480 -1.284477 0.613241
C 3.348289 -1.312833 -0.718540
0 2.286770 -1.438748 -1.554235
0O -1.224269 -1.780058 -1.550424
C -2.285217 -1.871250 -0.711084
C -1.933883 -1.784724 0.620027
0 4.072664 -1.185333 1.389333
C 5.136912 -1.158626 0.536022
C 4.759746 -1.238185 -0.779261
0O -3.019199 -1.868557 1.396999
C -4.072513 -2.013491 0.543406
C -3.690456 -2.022459 -0.772312
H 5.418734 -1.237867 -1.642661
H -4.342762 -2.113955 -1.635467
H6.111498 -1.076316 1.006956
H -5.047223 -2.092272 1.013567
0 -0.523181 1.485739 -1.460900
C 0.533116 1.623031 -0.628353
C 0.171821 1.635789 0.715819

S36



C -1.589734 1.370938 -0.786175
C -2.025600 1.268974 0.531956
C 1.459053 1.826008 0.752751
C 1.892790 1.933566 -0.552489
0 0.892531 1.792852 -1.459218
0 -2.585990 1.236061 -1.688580
C -3.688821 1.051639 -0.920638
C -3.415723 1.062470 0.431476
0 2.483550 1.956499 1.600481
C 3.584854 2.157911 0.820113
C 3.289773 2.154535 -0.518107
0 -4.529966 0.847070 1.137476
C -5.525935 0.694946 0.217632
C -5.074781 0.812053 -1.071807
H 3.995163 2.280781 -1.333601
H -5.673521 0.735914 -1.975018
H 4.521433 2.276262 1.354905
H -6.517523 0.525274 0.625811

HTA

01

S 0. -1.9578563207 0.

C 0.-0.7313098771 -1.2321042344
C 0. 0.5655357499 -0.7079646359
C 0. 0.5655357499 0.7079646359
C 0.-0.7313098771 1.2321042344
C 0.-0.7322390429 -2.6485035073
C 0. 0.5642029408 -3.1715231272
S 0. 1.7912848861 -1.9403770037
S 0.1.7912848861 1.9403770037
C 0. 0.5642029408 3.1715231272
C 0.-0.7322390429 2.6485035073
S 0. -1.9586462023 -3.880413386
C 0.-0.731646315 -5.1171981223
C 0.0.5618702171 -4.5892500264
S 0. -1.9586462023 3.880413386
C 0.-0.731646315 5.1171981223

C 0. 0.5618702171 4.5892500264
S 0. 1.7429733323 -5.8449834741
S 0. 1.7429733323 5.8449834741
C 0.-0.7630316879 -6.5372038403
C 0.-0.7630316879 6.5372038403
C 0. 0.5046345269 -7.0558556951
C 0. 0.5046345269 7.0558556951
H 0. -1.6662542285 -7.1467211478
H 0. -1.6662542285 7.1467211478
H 0. 0.7899738608 -8.1068969203
H 0. 0.7899738608 8.1068969203

12

S 0.-1.9793908259 0.

C 0.-0.7453390298 -1.2264403699
C 0.0.577010369 -0.6942160713
C 0.0.577010369 0.6942160713

C 0.-0.7453390298 1.2264403699
C 0.-0.7480281017 -2.6175501164
C 0. 0.5725358553 -3.1457194381
S 0. 1.8088411672 -1.9241424181
S 0. 1.8088411672 1.9241424181
C 0. 0.5725358553 3.1457194381
C 0.-0.7480281017 2.6175501164

C -1.229176 1.505320 0.717121
C -1.585399 1.419992 -0.625625
C 1.933600 1.784591 -0.621258
C 2.285611 1.870993 0.709683
0 1.225103 1.779602 1.549556
0 -2.285945 1.438357 1.555122
C -3.347906 1.312725 0.719950
C -2.988794 1.284606 -0.612022
0 3.018491 1.868812 -1.398778
C 4.072210 2.013911 -0.545714
C 3.690832 2.022603 0.770204
0 -4.073401 1.185837 -1.387577
C -5.137206 1.159102 -0.533722
C -4.759346 1.238294 0.781386
H 4.343555 2.114137 1.633038
H -5.417883 1.237903 1.645130
H 5.046659 2.092987 -1.016371
H -6.112053 1.077079 -1.004168

-12

S 0.-1.9734252705 0.

C 0.-0.7398498694 -1.2476528115
C 0. 0.5687482599 -0.696560152
C 0. 0.5687482599 0.696560152

C 0.-0.7398498694 1.2476528115
C 0.-0.7358502759 -2.6428556308
C 0. 0.5694900876 -3.1906997642
S 0. 1.8017428831 -1.9434638597
S 0. 1.8017428831 1.9434638597
C 0. 0.5694900876 3.1906997642
C 0.-0.7358502759 2.6428556308



S 0. -1.9756202938 -3.8493917567
C 0.-0.7378955646 -5.0734003221
C 0. 0.571812852 -4.5432394897
S 0. -1.9756202938 3.8493917567
C 0.-0.7378955646 5.0734003221
C 0.0.571812852 4.5432394897

S 0. 1.7560753188 -5.8003175467
S 0. 1.7560753188 5.8003175467
C 0.-0.7684668972 -6.4814559131
C 0.-0.7684668972 6.4814559131
C 0.0.5111443146 -6.9927271635
C 0.0.5111443146 6.9927271635
H 0. -1.6663107102 -7.0985883063
H 0. -1.6663107102 7.0985883063
H 0. 0.7923561332 -8.0464273973
H 0. 0.7923561332 8.0464273973

cofacial

01

S 1.052647 -1.551681 -1.992462
C -0.159626 -1.666989 -0.756754
C 0.373639 -1.622843 0.530708
C 1.780650 -1.499225 0.517375
C 2.288673 -1.453554 -0.780054
C -1.566735 -1.795815 -0.744571
C -2.073410 -1.847976 0.552501
S -0.839034 -1.730370 1.765684
S 3.017178 -1.386487 1.728807
C 4.228226 -1.281587 0.492091
C 3.695569 -1.326190 -0.794687
S -2.803705 -1.895911 -1.956492
C -4.019655 -2.018331 -0.719580
C -3.481743 -1.977250 0.564364
S 4.905682 -1.204599 -2.031297
C 6.146454 -1.089593 -0.819082
C 5.636068 -1.147125 0.475715
S -4.717240 -2.093267 1.756281
S 6.892495 -1.000985 1.642119
C -5.432156 -2.141583 -0.737940
C 7.552339 -0.916371 -0.867107
C -5.935448 -2.198882 0.532104
C 8.080946 -0.850306 0.393975
H -6.048744 -2.176431 -1.634796
H 8.147429 -0.847309 -1.777127
H -6.980801 -2.271720 0.826222
H 9.128876 -0.735881 0.667047
S -1.052755 1.556421 -1.989808
C -2.288745 1.455630 -0.777573
C -1.780665 1.498607 0.519932
C -0.373669 1.622290 0.533487
C 0.159532 1.669201 -0.753899
C -3.695614 1.328016 -0.792405
C -4.228188 1.280557 0.494302
S -3.017123 1.383100 1.731182
S 0.839043 1.727114 1.768639
C 2.073384 1.847204 0.555659
C 1.566642 1.797906 -0.741506
S -4.905743 1.208670 -2.029209
C -6.146432 1.090784 -0.817176
C -5.635993 1.145748 0.477721
S 2.803594 1.900337 -1.953256

S 0.-1.9672697502 -3.8884265311
C 0.-0.7369697832 -5.1403239027
C 0. 0.5610575708 -4.5925029371
S 0.-1.9672697502 3.8884265311
C 0.-0.7369697832 5.1403239027
C 0. 0.5610575708 4.5925029371
S 0. 1.748490537 -5.8573047634
S 0. 1.748490537 5.8573047634

C 0.-0.7601649972 -6.5505683945
C 0.-0.7601649972 6.5505683945
C 0. 0.5088583057 -7.0883101246
C 0. 0.5088583057 7.0883101246
H 0. -1.6668929271 -7.1571894286
H 0. -1.6668929271 7.1571894286
H 0. 0.7937425939 -8.1384501599
H 0. 0.7937425939 8.1384501599

antifacial

01

S -0.088833 -0.981790 2.262155
C 1.138869 -1.378184 1.102303
C 0.614069 -1.771597 -0.127891
C -0.797744 -1.755207 -0.131451
C -1.320560 -1.348838 1.095363
C 2.551849 -1.398580 1.106728
C 3.069722 -1.810936 -0.119513
S 1.840385 -2.165129 -1.289283
S -2.024605 -2.121022 -1.300243
C -3.254205 -1.741724 -0.137196
C -2.733777 -1.340765 1.091807
S 3.786766 -1.033709 2.270627
C 5.014397 -1.445063 1.111384
C 4.483368 -1.837269 -0.114671
S -3.965070 -0.960385 2.253436
C -5.197259 -1.355993 1.092177
C -4.668353 -1.749060 -0.134608
S 5.730911 -2.241496 -1.228601
S -5.918394 -2.143448 -1.249248
C 6.431326 -1.469236 1.148959
C -6.614429 -1.377552 1.131053
C 6.944793 -1.885524 -0.048262
C -7.131330 -1.790181 -0.065937
H 7.041135 -1.191387 2.007294
H -7.222256 -1.103286 1.992137
H 7.994437 -1.996448 -0.315108
H -8.181392 -1.899520 -0.331789
S 0.088853 0.981839 -2.262167
C 1.320564 1.348873 -1.095355
C 0.797739 1.755202 0.131470
C -0.614075 1.771584 0.127889
C -1.138864 1.378197 -1.102317
C 2.733781 1.340798 -1.091796
C 3.254200 1.741709 0.137227

S 2.024594 2.120973 1.300278

S -1.840400 2.165073 1.289288
C -3.069728 1.810897 0.119505
C -2.551843 1.398579 -1.106745
S 3.965084 0.960466 -2.253431
C 5.197263 1.356025 -1.092144
C 4.668348 1.749041 0.134654
S -3.786741 1.033751 -2.270674

S38



C 4.019600 2.019875 -0.716135
C 3.481742 1.976150 0.567737
S -6.892344 0.996909 1.643873
S 4.717314 2.089216 1.759853
C -7.552278 0.917341 -0.865495
C 5.432132 2.142744 -0.734298
C -8.080806 0.848522 0.395471
C 5.935504 2.197101 0.535849
H -8.147401 0.850044 -1.775626
H 6.048674 2.179346 -1.631118
H -9.128694 0.733262 0.668352
H 6.980904 2.268867 0.830071

HTA(O)
01
0 0. -1.5668769953 0.

C 0.-0.7322661678 -1.0670462733
C 0. 0.6159553868 -0.7044293956

C 0. 0.6159553868 0.7044293956

C 0.-0.7322661678 1.0670462733
C 0.-0.7327708789 -2.4764252146
C 0.0.6153704148 -2.8379630895
0 0. 1.4503197659 -1.7700242846

0 0. 1.4503197659 1.7700242846
C 0.0.6153704148 2.8379630895

C 0.-0.7327708789 2.4764252146
0 0.-1.5682385282 -3.5403987439
C 0.-0.7286172824 -4.6098915401

C 0. 0.6066345271 -4.24992862

0 0. -1.5682385282 3.5403987439

C 0.-0.7286172824 4.6098915401
C 0. 0.6066345271 4.24992862

0 0. 1.3852749087 -5.3392694727

0 0. 1.3852749087 5.3392694727

C 0.-0.7868515898 -6.0265686055
C 0.-0.7868515898 6.0265686055
C 0. 0.5320192306 -6.4059388776

C 0. 0.5320192306 6.4059388776

H 0. -1.6494020628 -6.6872754961

H 0. -1.6494020628 6.6872754961
H 0. 1.0066557736 -7.382645458
H 0. 1.0066557736 7.382645458

12
0 0.-1.5766341847 0.

C 0.-0.7449819107 -1.0632621763
C 0. 0.6301301936 -0.6893919186

C 0.0.6301301936 0.6893919186

C 0.-0.7449819107 1.0632621763
C 0.-0.7471077271 -2.4445199915
C 0. 0.6256987509 -2.8145929784
0 0. 1.4599244233 -1.7533145487

0 0. 1.4599244233 1.7533145487
C 0. 0.6256987509 2.8145929784

C 0.-0.7471077271 2.4445199915
0 0.-1.5742328149 -3.5085401223
C 0.-0.7322180704 -4.5689971172

C 0.0.61934746 -4.2033416957

0 0.-1.5742328149 3.5085401223
C 0.-0.7322180704 4.5689971172

C 0.0.61934746 4.2033416957

C -5.014389 1.445080 -1.111438
C -4.483375 1.837239 0.114638
S 5.918381 2.143370 1.249322
S -5.730932 2.241464 1.228556
C 6.614433 1.377579 -1.131007
C -6.431318 1.469287 -1.149041
C 7.131326 1.790152 0.066006
C -6.944798 1.885552 0.048181
H 7.222267 1.103345 -1.992097
H-7.041116 1.191492 -2.007401
H 8.181386 1.899468 0.331873
H -7.994445 1.996503 0.315006

-12

C 0.1842663648 0.5417959144 6.4217018636
0 0.0121394492 1.3930329454 5.343928552

C 0.0084542918 0.6107187655 4.2472653599
C 0.1601937784 -0.7283335224 4.6135522356
C 0.294075564 -0.7767572487 6.0121518687
C 0.088876116 0.6428353439 2.8505072842

C 0.1866050971 -0.7144997011 2.4575062135
0 0.2585850284 -1.5605444969 3.5287853353
C -0.0434699973 -0.731651127 1.0859262982
C -0.1731301095 0.6305041252 0.7048264165
0 -0.1237028644 1.4749329966 1.7805083207
0 0.0454825315 -1.5642712484 0.0007104258
C 0.0047647251 -0.716919683 -1.0758619946
C -0.0755911343 0.6450677367 -0.6809583932
0 -0.2538882174 1.4828273113 -1.7481928776
C -0.3362970806 0.6388662377 -2.8268407016
C -0.2247606644 -0.7213293512 -2.4475861928

S39



0 0. 1.3912644082 -5.292939209
0 0. 1.3912644082 5.292939209

C 0.-0.7930402584 -5.9724911086
C 0.-0.7930402584 5.9724911086
C 0. 0.5349750976 -6.3478763073
C 0. 0.5349750976 6.3478763073
H 0. -1.6547408422 -6.6349678101
H 0. -1.6547408422 6.6349678101
H 0. 1.0039433825 -7.3292401468
H 0. 1.0039433825 7.3292401468

cofacial

01

0 0.757793 -1.552903 -1.558325
C -0.275841 -1.618933 -0.688859
C 0.127369 -1.558203 0.643293
C 1.527942 -1.455164 0.596463
C 1.844150 -1.456814 -0.760133
C -1.675900 -1.736508 -0.641820
C -1.991409 -1.732819 0.714629
0O -0.904046 -1.621258 1.512519
0 2.613880 -1.353349 1.393824
C 3.647490 -1.290341 0.523299
C 3.244521 -1.345654 -0.808578
O -2.759047 -1.846118 -1.440352
C -3.794640 -1.919122 -0.565013
C -3.393909 -1.852626 0.753870
0 4.274711 -1.289276 -1.679690
C 5.365648 -1.204130 -0.877737
C 5.051841 -1.200446 0.466027
O -4.450332 -1.910265 1.569326
0 6.158819 -1.086603 1.206032
C -5.204521 -2.030885 -0.574238
C 6.770735 -1.087102 -0.986251
C -5.539857 -2.021518 0.754570
C 7.191349 -1.017171 0.316866
H -5.891927 -2.094612 -1.412130
H 7.400280 -1.058510 -1.871053
H -6.498316 -2.071606 1.260486
H 8.181151 -0.938066 0.755802
O -0.757837 1.553926 -1.557847
C -1.844204 1.457679 -0.759682
C -1.527922 1.454828 0.596895
C -0.127298 1.557053 0.643740
C 0.275884 1.618735 -0.688381
C -3.244535 1.345969 -0.808145
C -3.647435 1.289791 0.523720
0 -2.613803 1.352367 1.394245
0 0.904085 1.619921 1.513007
C 1.991381 1.732647 0.715202
C 1.675854 1.737421 -0.641244
O -4.274801 1.290453 -1.679229
C -5.365698 1.204811 -0.877265
C -5.051796 1.200116 0.466474
0 2.759024 1.847372 -1.439701
C 3.794650 1.919431 -0.564321
C 3.393922 1.851828 0.754509
O -6.158721 1.085841 1.206481
0 4.450315 1.909067 1.570026
C -6.770798 1.087920 -0.985760
C 5.204498 2.031637 -0.573429

C -0.2522242607 0.633578527 -4.2237011272
C -0.1968604733 -0.7091500145 -4.6036350871
0 -0.166446822 -1.5575576099 -3.5273439468
0 -0.3754749334 1.4171829328 -5.3124355615
C -0.4148669316 0.5606043328 -6.3990532754
C -0.3211541476 -0.7633009417 -6.0028590231
H -0.3225770399 -1.6291776419 -6.6612026622
H 0.4294124236 -1.6387980503 6.6615564323
H -0.4313037494 1.0378325777 -7.3735319643
H 0.1296460559 1.0062008902 7.4009722012

antifacial

01

0 0.382517 -1.553220 -1.554422
C -0.678076 -1.610762 -0.719653
C -0.318134 -1.594520 0.625786
C 1.086051 -1.519055 0.625064
C 1.445846 -1.504768 -0.720506
C -2.081950 -1.672968 -0.722844
C -2.444195 -1.692462 0.621543
0O -1.382394 -1.640220 1.458107
O 2.148791 -1.477473 1.457732
C 3.213593 -1.447050 0.621689
C 2.850623 -1.461586 -0.722566
0O -3.139689 -1.722061 -1.560882
C -4.205280 -1.782525 -0.724565
C -3.851290 -1.767785 0.609048
O 3.907657 -1.434019 -1.561322
C 4.977063 -1.408018 -0.726032
C 4.622287 -1.404305 0.607828
0O -4.940689 -1.820681 1.382609
0 5.711999 -1.405186 1.382019
C -5.616248 -1.853248 -0.790781
C 6.389912 -1.425077 -0.790241
C -5.999065 -1.873136 0.524661
C 6.774226 -1.419672 0.525377
H -6.270894 -1.875396 -1.656752
H 7.045458 -1.436557 -1.656143
H -6.977384 -1.914894 0.992289
H 7.752931 -1.418249 0.994884
0O -0.382688 1.553193 1.554398
C -1.445925 1.504996 0.720359
C -1.085996 1.519441 -0.625171
C 0.318199 1.594788 -0.625726
C 0.677998 1.610827 0.719754
C -2.850684 1.461599 0.722285
C -3.213543 1.447159 -0.622001
O -2.148660 1.477792 -1.457943
0O 1.382541 1.640682 -1.457929
C 2.444245 1.692772 -0.621244
C 2.081876 1.673064 0.723105
0 -3.907763 1.433770 1.560963
C -4.977107 1.407846 0.725598
C -4.622245 1.404391 -0.608241
O 3.139557 1.721900 1.561238
C 4.205233 1.782349 0.725021

C 3.851341 1.767869 -0.608618
0 -5.711918 1.405178 -1.382491
O 4.940794 1.820695 -1.382103
C -6.389959 1.424657 0.789733
C 5.616214 1.852812 0.791337

S40



C-7.191328 1.017129 0.317341
C 5.539826 2.021195 0.755376
H -7.400423 1.060015 -1.870533
H 5.891910 2.096167 -1.411255
H -8.181106 0.937791 0.756294
H 6.498287 2.070888 1.261335

C -6.774198 1.419391 -0.525907
C 5.999121 1.872843 -0.524077
H -7.045551 1.435901 1.655601
H 6.270818 1.874696 1.657346
H -7.752877 1.417984 -0.995472
H 6.977478 1.914506 -0.991634
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