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Synthesis of Compound 2

1,2,4,5-tetrakis(5-bromothiophen-3-yl)benzene (1)

A solution of 1,2,4,5-tetra(thiophen-3-yl)benzene*® (0.061 g, 0.15 mmol) in dry THF (10.5 mL)
was stirred at —78 °C in N, atmosphere while tert-butyllithium (0.60 mL, 1.7 M in hexane, 1.0
mmol) was added dropwise. After the reaction mixture was stirred at —78 °C for 1h, a solution of
carbon tetrabromide (0.338 g, 1.02 mmol) in dry THF (2 mL) was added dropwise. The clear
dark red solution was stirred and warmed up to room temperature gradually overnight. The
reaction mixture was extracted with chloroform (30 mL) and washed with water (50 mL). The
organic phase was separated and dried over magnesium sulfate, and the solvent was evaporated,
affording 1 as a brown solid (0.052 g, 48%). *H NMR (5, CDCI3): 7.42 (2H, s), 6.99 (4H, d, J =
1.6Hz), 6.86 (4H, d, J = 1.6 Hz).

2,5,9,12-tetrabromoanthra[2,1-b:3,4-b":6,5-b"":7,8-b"""Jtetrathiophene (2)

Asolution of 1 (0.052 g, 0.072 mmol) in chlorobenzene (10 mL) was stirred while a solution of
dry iron(111) chloride (0.070 g, 0.43 mmol) in nitromethane (2 mL) was added. Methanol (60
mL) was added after the reaction mixture was kept stirring for 30 min, and the greenish brown
reaction mixture precipitated after 1h. The precipitate was filtered and rinsed with water (0.0354
g, 68.7%), producing crude product 2 as a greenish brown solid. Purification by vacuum
sublimation (0.3 mbar, 310 °C) afforded the title compound 2 as a yellow crystalline solid (11
mg, 31%). No signal could be detected in solution NMR of 2 due to its extremely low solubility.
MS (APCI): m/z: calculated for [C,HgBr4S,]: 717.6032, found: 717.6039.
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'H NMR spectrum of 1,2,4,5-tetrakis(5-bromothiophen-3-yl)benzene (1)

new experiment

Sample: FCY_003_probelV
File: home/fu/FCY_003_probelVv.fid

Pulse Sequence: £Zpul

Solvent: cdcl3
Temp. 22.0 C 7 295.1 K
Operator: fu
File: FCY_003_probelVv
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Pulse 45.0 degrees
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MS-APCI 2,5,9,12-tetrabromoanthra[2,1-b:3,4-b":6,5-b™":7,8-b"""]tetrathiophene (2)
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Natural Bond Orbital Analysis

NBO analysis of the three different structures yields several attractive contributions by weak
donor—acceptor interactions. The optimized geometries from calculations with the M06-2X

functional were used as starting point for NBO analysis (Gaussian NBO Version 3.1*

implemented in Gaussian 09). Second-order energy lowering AE® is given for these interactions
along with the interacting orbitals for several close contacts. All of them are interactions between

lone pair orbital (n) and antibonding orbitals (c*) of adjacent atoms.

The combined halogen---halogen and halogen---hydrogen bonds (dashed black lines in the
following images) yield stabilizing contributions for the three structures. Chalcogen S---S
contacts contribute less to stabilizing the monolayer, as do Br---S contacts. The X;H synthon

dominates intermolecular binding. Labels Dx are given according to the main text.

1 E. D. Glendening, A. E. Reed, J. E. Carpenter, and F. Weinhold, NBO Version 3.1.

Compound 1:
Bond Interacting orbitals AE®) / kcal mol-!

D1 Br(1)-Br(2) NBr(1) — 6*c-Br() 2.80
D2 BF(Z)"'H(3) Npr2) — G*cfH(3) 2.17
D5 Br(l)---H(4) Ngr1) — G*C—H(4) 2.22

D4 Br(6)---S(7) NBrs) — G*c-s(7) 0.53

D4 S(?)"'BF(G) Ns7) — G*C—Br(G) 1.24

D3 BI’(G)'"S(S) NBre) — G*cfs(g) 0.83

D6 8(8)”'8(9) Ns@g) — G*c—s(g) 0.85

D6 3(9)"'3(8) Ns©) — G*Cfs(g) 0.85

. . . ‘e
.
‘e
T
o
.
.
o

o ® ¢ ov
® 4 . ......
©090%%° . 9¢%°




Electronic Supplementary Material (ESI) for Nanoscale
This journal is © The Royal Society of Chemistry 2012

Compound 2:

Bond Interacting orbitals AE®@) / kcal mol-1

D2a Br(2a)---H(3a NBr(2a) — 0*c—H(3a 0.46
D2b Br(2b)---H(3b NBr2b) — S*c-H(3b 0.66
Br(1b)--S(4 NBr(1p) — S*c-s@a 1.59

D3 S(5)--S(4) Ns(s) — 6*c-s(a 0.80

D4 S(G)”'S(S) Ns@) — 0¥ c=s(5 0.61

D5 S(7)S(6)

Ns7y — 6% c—s(6 1.27
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Additional STM Images

Figure S1. Large-scale STM topographs of 1, 2, and 3. Domains of 1 and 2 are larger and more

stable than domains of 3. Fluctuations in domain boundaries are commonly observed for 3.
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Figure S2. STM topographs in which both the graphite substrate and the molecular
suprastructure are imaged, corrected for thermal drift. (a) 1, (b) 2, and (c) 3. FFT images show
peaks both due to the subste(re ies) and the suprastructure (green circles).
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